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The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
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names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectua property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atotal system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under alicense from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.




General Precautions on the Handling of Products

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry; or
are used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is hot guaranteed.

2. Treatment of Unused Input Pins

Note: Fix all unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initiaization

Note:  When power isfirst supplied, the product’s state is undefined. The states of internal
circuits are undefined until full power is supplied throughout the chip and alow level is
input on the reset pin. During the period where the states are undefined, the register
settings and the output state of each pin are also undefined. Design your system so that it
does not malfunction because of processing whileit isin this undefined state. For those
products which have areset function, reset the LSl immediately after the power supply has
been turned on.

4. Prohibition of Accessto Undefined or Reserved Address

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these address. Do not access these registers: the system’s
operation is not guaranteed if they are accessed.
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Preface

These L SIs are high-performance microcomputers with a 32-bit H8S/2600 CPU core and a variety
of built-in peripheral functions necessary for a system configuration.

The built-in peripheral devicesinclude a 16-hit timer pulse unit (TPU), a programmable pulse
generator (PPG)**, awatchdog timer (WDT), 8-bit timers, a 14-bit PWM timer (PWM)**, serial
communication interfaces (SCI, IrDA)**, an A/D converter, a D/A converter**, and I/O ports. An
IC bus interface (11C)** can also be incorporated as an option. An on-chip DMA controller
(DMAC)** and data transfer controller (DTC) perform high-speed data transfer without using the
CPU, enabling use of these L SIs as embedded microcomputers in various advanced control
systems. Two types of internal ROM-flash memory (F-ZTAT™*2) and mask ROM-are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

Notes: *1 Thisfunction is not available in the H8S/2695.
*2 F-ZTAT is a trademark of Hitachi, Ltd.

Target Users: This manual was written for users who will be using the H8S/2633 Series,
H8S/2633R, or H8S/2695 in the design of application systems. Readers are
expected to understand the fundamentals of electrical circuits, logic circuits, and
microcomputers.

Objective:  This manual was written to provide users with an explanation of the hardware
functions and electrical characteristics of the H85/2633 Series, H8S/2633R, and
H85/2695. Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual
for adetailed description of the instruction set.

Notes on reading this manual:

* Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual is broadly divided into parts covering
the CPU, system control functions, peripheral functions, and electrical characteristics.

* Inorder to understand the details of the CPU's functions
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual .

Example: Bit order: The MSB is on the left and the LSB ison theright.

Related Manuals. The latest versions of all related manuals are available from our website.
Please ensure that you have the latest versions of all documents you require.
http://mww.hitachi semi conductor.com/
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HB8S/2633 Series manuals:

Manual Title ADE No.
H8S/2633 Series Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger (for Windows) User's Manual ADE-702-037
Hitachi Embedded Workshop User's Manual ADE-702-201
Application Notes:

Manual Title ADE No.
H8S Series Technical Q & A ADE-502-059
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List of Items Revised or Added for ThisVersion

Section Page Item Description
Preface Replaced
Comparison of Newly added

H8S/2633, H8S/2632,
H8S/2631, H8S/2633F-
ZTAT, H8S/2633RF-
ZTAT, and H8S/2695
Product Specifications

1.1 Overview 1

Note *2 added

2to7

Table 1-1 Overview

CPU, 14-bit PWM timer
(PWM), memory, interrupt
controller, clock pulse
generator descriptions added

Notes *, *1 and *2 added
Package description added

Product lineup description
replaced

1.2 Internal Block 8

Description added

Diagram

Figure 1-1 (b) H8S/2633R
Internal Block Diagram

10

Figure 1-1 (c) H8S/2695
Internal Block Diagram

Newly added

1.3.1 Pin Arrangement 11

Description added

Figure 1-2 (a) H8S/2633,
H8S/2632, H8S/2631,
H8S/2633F Pin Arrangement
(TFP-120: Top View)

Description added to Note *

12

Figure 1-2 (b) H8S/2633R
Pin Arrangement
(TFP-120: Top View)

Newly added

13

Figure 1-3 (a) H8S/2633,
H8S/2632, H8S/2631,
H8S/2633F Pin Arrangement
(FP-120B: Top View)

Package name amended
from FP-128 to FP-128B

Description added to Note *

15

Figure 1-3 (b) H8S/2633R
Pin Arrangement
(FP-128B: Top View)

16

Figure 1-3 (c) H8S/2695 Pin
Arrangement
(FP-128B: Top View)

Newly added

1.3.2 Pin Functions in 17
Each Operating Mode

Description added

Table 1-2 (a) Pin Functions
in Each Operating Mode
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F)

Pin numbers amended from
FP-128 to FP-128B
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Section Page

Item

Description

1.3.2 Pin Functionsin 18

Note * added to FEW pin

Each Operating Mode

2210 26

Table 1-2 (b) Pin Functions
in Each Operating Mode
(H8S/2633R)

27 to 31

Table 1-2 (c) Pin Functions
in Each Operating Mode
(H8S/2695)

Newly added

1.3.3 Pin Functions 32

Description added

381043 Table 1-3 (b) Pin Functions Newly added
(H8S/2633R)
44 t0 48 Table 1-3 (c) Pin Functions
(H8S/2695)
2.1.1 Features 50 » High-speed operation Description added

2.8.5 Bus-Released 90
State

Note * added

2.8.6 Power-Down 90
State

Description added
Notes *1 and *2 added

3.2.2 System Control 98
Register (SYSCR)

Bit 2—Manual Reset Selection

Bit (MRESE)

Bit 0—RAM Enable (RAME)

3.2.3 Pin Function 100
Control Register
(PFCR)

Bit 5—BUZZ Output Enable
(BUZZE)

Bit 4—LCAS Output Pin
Selection Bit (LCASS)

Note * added

3.5 Address Map in 103
Each Operating Mode

Description added

16 kbytes amended to 16
Mbytes

104

Figure 3-1 Memory Map in
Each Operating Mode in the
H8S/2633, H8S/2633R

Address map for H8S/2633R
operating modes newly
added

107

Figure 3-4 Memory Map in
Each Operating Mode in the
H8S/2695

Newly added

4.1.3 Exception Vector 111
Table

Table 4-2 Exception Vector
Table

Note *3 amended

4.2.5 State of On-Chip 115
Supporting Modules
after Reset Release

Note * added
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Section Page Iltem Description

4.4 Interrupts 117 Note * added

Figure 4-4 Interrupt Sources Note *3 added
and Number of Interrupts

5.1.1 Features 121 * DTC and DMAC control Note * added
5.2.2 Interrupt Priority 125 Table 5-3 Correspondence
Registers Ato L, O between Interrupt Sources
(IPRAto IPRL, IPRO) and IPR Settings
5.2.5 IRQ Status 128 Bits 7 to 0—IRQ7 to IRQO flags Note * added
Register (ISR) (IRQ7F to IRQOF) (n = 5 to 0) amended to
(n=7100)
5.3.1 External 129 IRQ7 to IRQO Interrupts
Interrupts IRQ5 to IRQO amended to
IRQ7 to IRQO
5.3.2 Internal 130 Notes *1 and *2 added
Interrupts
5.3.3 Interrupt 131to 134 Table 5-4(a) Interrupt H8S/2633R added
Exception Handling Sources, Vector Addresses, Amend as follows:
Vector Table and Interrupt Priorities Interrupt Source column:
(H8S/2633, H8S/2632, "CMI" _ "Reserved"
H8S/2631, H8S/2633R) Origin of Interrupt Source
column: "Refresh timer" —
e
13510 138 Table 5-4(b) Interrupt Newly added
Sources, Vector Addresses,
and Interrupt Priorities
(H8S/2695)
5.6 DTC and DMAC 150 Title amended
Activation by Interrupt
(DMAC and DTC
functions are not
available in the
H8S/2695)
5.6.2 Block Diagram 151 Figure 5-9 Interrupt Control Note * added
for DTC and DMAC
5.6.3 Operation 152 Table 5-11 Interrupt Source  Note *1 added
(DMAC and DTC Selection and Clearing Control
functions are not (4) Notes on Use Note * added
available in the
H8S/2695)
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Section Page Item Description
Section 6 PC Break 153 Title amended
Controller (PBC)
(This function is not
available in the
H8S/2695)
7.1 Overview 165 Note * added
7.1.1 Features 165, 166
7.1.2 Block Diagram 167 Figure 7-1 Block Diagram
of Bus Controller
7.1.3 Pin 168 Table 7-1 Bus Controller Pins
Configuration
7.1.4 Register 169 Table 7-2 Bus Controller Note *3 added
Configuration Registers
7.2.4 Bus Control 175 Note * added
Register H (BCRH) 177 Bits 2 to 0—RAM Type Select
(RMTS2 to RMTSO0)
7.2.5 Bus Control 178
Register L (BCRL)
7.2.6 Pin Function 180
Control Register
(PFCR)
7.2.7 Memory Control 183
Register (MCR)
7.2.8 DRAM Control 185 Self-refresh amended to
Register (DRAMCR) refresh control (RFSHE = 1)
Bits 2 to 0—Refresh Counter ~ Note * added
Clock Select (CKS2 to CKS0)
7.2.9 Refresh Timer 187
Counter (RTCNT)
7.2.10 Refresh Time
Constant Register
(RTCOR)
7.3 Overview of Bus 188 1to0 192
Control
7.3.2 Bus 189 (1) Bus Width Amended from ADWCR to
Specifications ABWCR
4
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Section Page Iltem Description

7.5 DRAM Interface 206 Title amended
(This function is not

available in the

H8S/2695)

7.6 DMAC Single 223
Address Mode and

DRAM Interface

(This function is not
available in the

H8S/2695)

7.11 Bus Arbitration 238
(DMAC and DTC

functions are not

available in the

H8S/2695)

7.11.3 Bus Transfer 239 Description of CPU amended
Timing

7.12 Resets andthe 239 Note * added

Bus Controller

Section 8 DMA 241 Title amended

Controller (DMAC)
(This function is not
available in the
H8S/2695)

Section 9 Data 329
Transfer Controller

(DTC)

(This function is not
available in the

H8S/2695)

9.2.9 Module Stop 338 Description amended
Control Register A

(MSTPCRA)

9.5 Usage Notes 359 Description added
Section 10A 1/O Ports 361 Title amended

(H8S/2633, H8S/2632,
H8S/2631, H8S/2633R)

10A.3.3 Pin Functions 384 Table 10A-5 Port 3 Pin Last portion of selection
Functions method and pin functions
table for P35/SCK1/SCK4/
SCLO/IRQ5 replaced

10A.5.1 Overview 389 Figure 10A-4 Port 7 Pin Title amended
Functions
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Section Page Item Description
10A.7.1 Overview 397 6-bit 1/0O port amended to
4-bit 1/0O port
10A.12.3 Pin 429,430 Table 10A-21 Port F Pin TMTSO0 amended to RMTS0
Functions Functions in note * to pins
PF6/AS/LCAS and
PF2/LCAS/WAIT/BREQO
Section 10B /O Ports 437 to 510 Newly added
(H8S/2695)
11.1.1 Features 512 Note * added
514 Table 11-1 TPU Functions
11.2.5 Timer Status 545,546  Bit 3—Input Capture/Output
Register (TSR) Compare Flag D (TGFD),
Bit 2—Input Capture/Output
Compare Flag C (TGFC),
Bit 1—Input Capture/Output
Compare Flag B (TGFB),
Bit 0—Input Capture/Output
Compare Flag A (TGFA)
11.2.9 Timer Synchro 550 Channels 0 to 4 amended to
Register (TSYR) channels 0 to 5
11.4.2 Basic 557 Figure 11-8 Periodic Counter Note * added
Functions Operation
11.5.1 Interrupt 582 Table 11-13 TPU Interrupts
Sources and Priorities
11.5.2 DTC/DMAC 583 Title amended
Activation
(This function is not
available in the
H8S/2695)
11.6.1 Input/Output 585 Output Compare Output (TIOC pin) added
Timing Timing
11.6.2 Interrupt Signal 591 Status Flag Clearing Timing Note * added
Timing Figure 11-47 Timing for
Status Flag Clearing by DTC or
DMAC Activation
11.7 Usage Notes 601 Interrupts and Module Stop The DTC amended to DMAC

Mode

and DTC activation source
and Note * added
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Section Page Iltem Description

Section 12 603 Title amended
Programmable Pulse

Generator (PPG)

(This function is not

available in the

H8S/2695)

12.2.1 Next Data 608 NDERL Bits 7 to 0—Next Data Description added
Enable Registers H and Enable 7 to 0 (NDER7 to

L (NDERH, NDERL) NDERO)

Section 13 8-Bit 629 Title amended

Timers (TMR)
(This function is not
available in the
H8S/2695)

13.3.5 Operation with 645 Description amended
Cascaded Connection

13.4.1 Interrupt 646 Title amended
Sources and DTC

Activation

(The H8S/2695 does

not have a DTC

function or an 8-bit

timer)

Section 14 14-Bit 655
PWM D/A

(This function is not
available in the

H8S/2695)

Section 15 Watchdog 671
Timer

(WDT1 is not available

in the H8S/2695)

15.1.1 Features 671 Note * added

15.1.2 Block Diagram 673 Figure 15-1 (b) Block Diagram Description added to note
of WDT1

15.1.3 Pin 674 Table 15-1 WDT Pin Note * added

Configuration

15.2.2 Timer 675 TCSR1 Note *1 added

Control/Status Register g7¢ Bit 6—Timer Mode Select Note * added

Bit 7—Overflow Flag (OVF) Description added

RENESAS



Section Page Item Description
15.2.2 Timer 677 WDT1 Mode Select Note * added
Control/Status Register
(TCSR) WDTO TCSR Bit 4—Reserve  Note added
bit
WDT1 TCSR Bit 4—Prescaler
Select (PSS)
678 Bits 2 to 0—Clock Select 2 to 0
(CKS2 to CKSO0)
679 WDT1 Input Clock Select Note *1 added
15.2.3 Reset 680 Bit 7—Watchdog Overflow Flag TCSR amended to RSTCSR
Control/Status Register (WOVF) in bit table description
(RSTCSR)
15.2.4 Pin Function 681 Note * added to bit table
Control Register Bit 5—BUZZ Output Enable Note added
(PFCR) (BUZZE)
15.3.3 Timing of 686 Note * added
Setting Overflow Flag
(OVF)
15.5.5 Internal Reset 689 Description amended
in Watchdog Timer
Mode
15.5.6 OVF Flag 690 Newly added
Clearing in Interval
Timer Mode
Section 16 Serial 691 Title amended
Communication
Interface (SCI, IrDA)
(The H8S/2695 is not
equipped with an IrDA
function)
16.2.7 Serial Status 706 Bit 7—Transmit Data Register Note * added
Register (SSR) Empty (TDRE)
707 Bit 6—Receive Data Register
Full (RDRF)
709 Bit 2—Transmit End (TEND)
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Section Page Iltem Description
16.2.8 Bit Rate 713 Table 16-3 BRR Settings 28 MHz bit rate added
Register (BRR) for Various Bit Rates
(Asynchronous Mode)
714 Table 16-4 BRR Settings for
Various Bit Rates (Clocked
Synchronous Mode)
716 Table 16-5 Maximum Bit
Rate for Each Frequency
(Asynchronous Mode)
717 Table 16-6 Maximum Bit
Rate with External Clock Input
(Asynchronous Mode)
718 Table 16-7 Maximum Bit
Rate with External Clock Input
(Clocked Synchronous Mode)
16.2.10 IrDA Control 720 Note added
Register (IrCR)
16.3.2 Operation in 730 Figure 16-5 Sample Serial Note * added
Asynchronous Mode Transmission Flowchart
16.3.3 Multiprocessor 739 Figure 16-10 Sample
Communication Multiprocessor Serial
Function Transmission Flowchart
16.3.4 Operation in 747 Figure 16-16 Sample Serial
Clocked Synchronous Transmission Flowchart
Mode 750 Figure 16-18 Sample Serial
Reception Flowchart
752 Figure 16-20 Sample
Flowchart of Simultaneous
Serial Transmit and Receive
Operations
16.4 SCI Interrupts 756
757 Table 16-13 SCI Interrupt Note *1 added
Sources
16.5 Usage Notes 761 Restrictions on Use of DMAC  Note * added
or DTC
762 Figure 16-25 Sample

Flowchart for Mode Transition
during Transmission
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Section Page Item Description

17.1.1 Features 767 » Three interrupt sources Note * added
17.2.2 Serial Status 775 Note * added to Bit 2 table
Register (SSR)
17.3.5 Clock 785 Table 17-5 Examples of Bit 28 MHz bit rate added
Rate B (bit/s) for Various BRR
Settings
786 Table 17-6 Examples of
BRR Settings for Bit Rate B
(bit/s)

Table 17-7 Maximum Bit Rate
at Various Frequencies (Smart
Card Interface Mode)

17.3.6 Data Transfer 793,794  Data Transfer Operation by Note * added
Operations DMAC or DTC

17.4 Usage Notes 797,798  Retransfer Operations (Except
Block Transfer Mode)

Section 18 I°C Bus 799 Title amended
Interface [Option]

(This function is not

available in the

H8S/2695)
18.2.4 I°C Bus Mode 811 Bits 5 to 3—Serial Clock Select Transfer rate g = 28 MHz
Register (ICMR) (CKS2 to CKSO0) portion added
815 Bit 3—Acknowledge Bit Note * added
Judgement Selection (ACKE)
816 to 818 Bit 1—I°C Bus Interface
Interrupt Request Flag (IRIC)
820,821  Bit 5—I*C Bus Interface
Continuous
Transmission/Reception
Interrupt Request Flag (IRTR)
18.3.2 |Initial Setting 829 Newly added
18.3.3 Master 829 to 832 Replaced

Transmit Operation

18.3.4 Master Receive 833 to 837
Operation

18.3.8 Operation 843 Note * added
Using the DTC

Table 18-5 Examples of
Operation Using the DTC

10
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Section Page

Item

Description

18.3.9 Noise Canceler O

Figure 18-14 Flowchart for
Master Transmit Mode
(Example)

Figure 18-15 Flowchart for
Master Receive Mode
(Example)

Deleted

18.4 Usage Notes 850

Table 18-7 Permissible SCL
Rise Time (tg) Values

@ = 28 MHz portion added to
time indication [ns]

851

Table 18-8 I°C Bus Timing
(with Maximum Influence of

tSr/ tsf)

@ = 28 MHz portion added to
time indication [ns] and
values amended

854 to 857

* Notes on IRIC Flag
Clearance when Using Wait
Function

* Notes on ICDR Reads and
ICCR Access in Slave
Transmit Mode

* Notes on TRS Bit Setting in
Slave Mode

* Notes on ICDR Reads in
Transmit Mode and ICDR
Writes in Receive Mode

* Notes on ACKE Bit and TRS

Bit in Slave Mode

Newly added

19.1.2 Block Diagram 860

Figure 19-1 Block Diagram
of A/D Converter

19.2.2 A/D 864
Control/Status Register
(ADCSR)

Bit 7—A/D End Flag (ADF)

19.2.3 A/D Control 867

Bits 7 and 6—Timer Trigger

Note * added

Register (ADCR) Select 1 and 0 (TRGS1,
TRGSO0)
19.5 |Interrupts 876
Table 19-6 A/D Converter
Interrupt Source
Section 20 D/A 883 Title amended
Converter

21.1 Overview

891 to 893

H8S/2633R added after
H8S/2633 and H8S/2695
added after H8S/2631

21.2.1 System Control 892
Register (SYSCR)

Note * added

RENESAS
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Section Page Item Description
21.4 Usage Notes 893 When Using the DTC Note * added
22.1 Overview 895 Description amended
22.1.2 Register BCRL amended to MDCR
Configuration
22.3 Operation 898 Table 22-3 Operating Modes Note * description amended
and ROM (Mask ROM Version)
22.11 Flash Memory 938 Table 22-13 Programmer Note * added
Programmer Mode Mode Pin Settings
22.11.1 Socket 939 Figure 22-18 Socket Adapter Some pin names of
Adapter Pin Pin Correspondence Diagram H8S/2633 amended
C_orrespondence Notes *1 and *2 added
Diagram
Section 23A Clock 959 Title amended
Pulse Generator
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F)
23A.2.1 System Clock 960 Bit 7—g Clock Output Disable Direct transition added to
Control Register (PSTOP) software standby mode and
(SCKCR) watch mode in description
Section 23B Clock 971to 981 Newly added
Pulse Generator
(H8S/2633R,
H8S/2695)
24.1 Overview 983 Note * added
984 Table 24-1 LSl Internal States Notes *4 and *5 added,
in Each Mode Note * 6 description amended
985 Figure 24-1(a) Mode H8S/2633R added
Transition Diagram (H8S/2633
Series, H8S/2633R)
986 Figure 24-1(b) Mode Newly added
Transition Diagram (H8S/2695)
987 Table 24.2(a) Power-Down H8S/2633R added
Mode Transition Conditions
(H8S/2633 Series, H8S/2633R)
Table 24.2(b) Power-Down Newly added
Mode Transition Conditions
(H8S/2695)
24.1.1 Register 988 Note * added
Configuration Table 24-3 Power-Down Note *2 added
Mode Registers
12

RENESAS



Section Page Iltem Description
24.2.1 Standby 989 Bit 7—Software Standby Note * added
Control Register (SSBY)
(SBYCR) 990 Bits 6 to 4—Standby Timer Note * added and
Select 210 0 (STS2to STSO)  Description amended
(Setting Prohibited) added to
Bits 6 to 4 table
Bit 3—Output Port Enable Note * added
(OPE)
24.2.2 System Clock 991,992  Bit 7—g Clock Output Disable Note * added
Control Register (PSTOP), Bit 3—Frequency
(SCKCR) Multiplication Factor Switch
Mode Select (STCS), Bits 2 to
0—System Clock Select (SCK2
to SCKO)
24.2.3 Low-Power 992 H8S/2633R added to bit
Control Register table for H8S/2633 Series
(LPWRCR) H8S/2695 bit table and Note
* added
993,994  Bit 7—Direct Transfer On Flag Note *, *2 added
(DTON) and Bit 6—Low Speed
ON Flag (LSON)
24.2.4 Timer 995, 996 Note *1 added
Control/Status Register
(TCSR)
24.5.1 Module Stop 999 Note * added
Mode 1000 Table 24-4 MSTPBitsand  Note *2 added
Corresponding On-Chip
Supporting Modules
24.5.2 Usage Notes 1001 Description of Reading I/O
Ports in Subactive Mode
added
24.6.3 Setting 1003 Table 24-5 Oscillation Under Standby Time, 16

Oscillation Stabilization
Time after Clearing
Software Standby
Mode

Stabilization Time Settings

states changed to 16 states
(setting prohibited)

Note * deleted.
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Section Page Item Description
24.8 Watch Mode 1006 Description (This function is
(This function is not to not available in the
available in the 1009 H8S/2695) added after title
H8S/2695)
to
24.11 Direct
Transitions
(This function not
available in the
H8S/2695)
24.8.3 Notes 1007 (3) DMAC/DTC activation and Newly added
sub-active mode/watch mode
transition, (4) Interrupt sources
and sub-active mode/watch
mode transition
24.10.3 Usage Notes 1009
24.12 @ Clock Output Note * added
Disabling Function
25.2 DC 1012 Table 25-2 DC Conditions amended
Characteristics Characteristics (1) Output high voltage item
amended
Input leakage current test
conditions amended
1013 Three-state leakage
current (off state) test
conditions amended
Current dissipation standby
mode typ. value amended
from 0.01to 1.0
1014 Reference power supply
current test conditions
amended
1015 to Table 25-2 DC Preliminary deleted
1017 Characteristics (2) Conditions amended
Note *2 PVcc value
amended
Notes *7 and * 8 added
1015 Input leakage current test
conditions amended
1016 Three-state leakage
current (off state) test
conditions amended
14
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Section Page Iltem Description
25.2 DC 1017 Table 25-2 DC Analog power supply current
Characteristics Characteristics (2) test conditions amended
Reference current test
conditions amended
1018 Table 25-3 Permissible Conditions amended and
Output Currents Notes *1 and *2 added
1019 Table 25-4 Bus Drive Conditions amended
Characteristics
25.3.1 Clock Timing 1021 Table 25-5 Clock Timing Condition B clock oscillator
settling time at reset (crystal)
and clock oscillator settling
time in software standby
(crystal) min. values in table
amended
Conditions A and B amended
Notes *1 and *2 added
25.3.2 Control Signal 1023 Table 25-6 Control Signal
Timing Timing
25.3.3 Bus Timing 1025, Table 25-7 Bus Timing
1026
1027 Figure 25-6 Basic Bus Timing Figure amended
(Two-State Access)
25.3.4 DMAC Timing 1034 Table 25-8 DMAC Timing Conditions A and B amended
25.3.5 Timing of On- 1038, Table 25-9 Timing of On-Chip Notes *1and *2 added
Chip Supporting 1039 Supporting Modules
Modules 1044 Table 25-10 I°C Bus Timing  Conditions amended
25.4 A/D Conversion 1046 Table 25-11 A/D Conversion Conditions A and B amended
Characteristics Characteristics Full-scale error condition A
maximum value amended
from £7.0 to £7.5
25.5 DJ/A Conversion 1047 Table 25-12 D/A Conversion Conditions A and B amended
Characteristics Characteristics
25.6 Flash Memory 1048 Table 25-13 Flash Memory Conditions amended
Characteristics Characteristics
Section 26 Electrical 1051 to Newly added
Characteristics 1086
(H8S/2633R)
Section 27 Electrical 1087 to
Characteristics 1106
(H8S/2695)
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Section Page Item Description
A.2 Instruction Codes 1137 to Table A-2 Instruction Codes CLRMAC, LDMAC, MAC,
1144 SHAL, and STMAC
instructions amended
B.1A Addresses 1184 H8S/2633R added to
(H8S/2633 Series, Addresses
HBS/2633F, 1193 Note added
H8S/2633R)
B.1B Addresses 1194 to Newly added
(H8S/2695) 1200
B.2 Functions 1215 SSRO—Serial Status Register Bit table for SSRO to SSR4
0 to SSR4—Serial Status amended
Register 4 Note *3 added
1217 SBYCR—Standby Control Note * added to standby
Register timer select 2 to 0 table
1218 SYSCR—System Control 1 under SYSCR amended to
Register |
1222 PFCR—Pin Function Control  Note * added to BUZZ output
Register enable table
1223 LPWRCR—Low-Power Control Note *1 added to bit table
Register
1258 TSR1—Timer Status Register Note *2 added
1 to TSR5—Timer Status
Register 5
1260, 1265 IPRA to IPRO, BCRL—Bus Note * added
Control Register L
1266 to MCR, DRAMCR, RTCNT, Descriptions added
1268, RTCOR, DMAWER, DMATCR,
1276 to DMACROA, DMACROB,
1289 DMACR1A, DMACRI1B,
DMABCR, ICCRO, ICCR1,
ICSRO, ICSR1, ICDRO, ICDR1,
SARXO0, SARX1, ICMRO,
ICMR1, SARO, and SAR1
1284 RSTCSR—Reset TCNT amended to RSTCSR
Control/Status Register in Note
1288 @ = 28 MHz transfer rate for
bits 5 to 3 and note * added
1292 TCSR1—Timer Control/Status Description added
Register 1
Appendix C /O Port 1299

Block Diagrams

16
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Section Page Iltem Description
C.6 Port A Block 1322 Figure C-6 (a) Port A Block PAn amended to PAO
Diagram Diagram (Pin PAQ)
1323 Figure C-6 (b) Port A Block PAn amended to PA1
Diagram (Pin PA1)
1324 Figure C-6 (c) Port A Block Figure replaced
Diagram (Pin PA2)
1325 Figure C-6 (d) Port A Block PAn amended to PA3
Diagram (Pin PA3)
C.7 Port B Block 1326 Figure C-7 Port B Block PB1 amended to PBn
Diagram Diagram (Pins PBO to PB7)
C.8 Port C Block 1327 Figure C-8 (a) Port CBlock = WDDRA amended to
Diagram Diagram (Pins PCO to PC5) WDDRC, and WDRA
1328 Figure C-8 (b) Port C Block ~ amended to WDRC
Diagram (Pins PC6 and PC7) Legend amended
C.9 Port D Block 1329 Figure C-9 Port D Block Legend n =1 to 7 amended
Diagram Diagram (Pins PDO to PD7) ton=0to7
C.10 Port E Block 1330 Figure C-10 Port E Block
Diagram Diagram (Pins PEO to PE7)
C.13 Port 1 Block 1343 Newly added
Diagram to
to 1386
C.24 Port G Block
Diagram
D.1 Port States in 1387 Description added
Each Mode Table D-1 I/O Port States ~ H8S/2633R added
in Each Processing State
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F,
H8S/2633R)
1388 Table D-1 1/O Port States LCAS under software
in Each Processing State standby mode amended to
(H8S/2633, H8S/2632, LCAS
H8S/2631, H8S/2633F,
H8S/2633R)
1391 to Table D-2 1/O Port States Newly added
1394 in Each Processing State
(H8S/2695)
Appendix F Product 1396 Table F.1 H8S/2633 Series FP-128 amended to FP-128B

Code Lineup

Product Code Lineup

H8S/2633R and H8S/2695
portion added

Note * deleted
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Section

Page

Item Description

Appendix G Package 1397

Description amended

Dimensions Figure G-1 TFP-120 Figures amended
Package Dimensions
1398 Figure G-2 FP-128B Package
Dimensions
18
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Comparison of H85/2633, H85/2632, H85/2631,
H8S/2633F-ZTAT, H8S/2633RF-ZTAT, and H85/2695
Product Specifications

A comparative listing of the specifications of the H85/2633, H85/2632, H85/2631, H8S/2633F-
ZTAT, H8S/2633RF-ZTAT, and H8S/2695 is provided below.

Comparison of H8S/2633, H85/2632, H85/2631, H8S/2633F-ZTAT, H8S/2633RF-ZTAT, and
H8S/2695 Product Specifications

H8S/2633 Series H8S/2633R Series
H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695
Model HD64F2633F25 |HD6432633F25 |HD6432632F25 |HD6432631F25 |HD64F2633RF28 |HD6432695F28
HD64F2633TE25 |HD6432633TE25 |HD6432632TE25 |HD6432631TE25 |HD64F2633RTE28
HD64F2633F16 |HD6432633F16 |HD6432632F16 |HD6432631F16
HD64F2633TE16 [HD6432633TE16 |HD6432632TE16 | HD6432631TE16
RAM 16 kB 16 kB 12 kB 8 kB 16 kB 8 kB
ROM 256 kB flash 256 kB mask 192 kB mask 128 kB mask 256 kB flash 192 kB mask ROM
memory ROM ROM ROM memory
ROM H'000000 --q-- - r- : -|-- --r
RgM’ On-chip On-chip Oga:&lp On-chip On-chip
memor HOLFFEE - d-|..ROM___[| | __Rom _ || |(128Kbytes)] | | ROM___| || _ROM___
map Y (256 kbytes) (192 kbytes) (256 kbytes) (192 kbytes)
H'O2FFFF --o--f----mnm-- e R EEEEEE
H'O3FFFF - - - -t oo - - B R
H'FFBO00 - -~ -——————————Tf---=-=-==-===-f-=------=----= -- Sepeeeeeeeee-
H'FFCO00 --H--f---------- S f e R R R SRR LR
HFFDOO0 =11 ~an ki ™ [ 171 " Gnechip [T onehip || [ "Onchip™ | [ On-chip
RAM RAM RAM RAM RAM
H'EFEFBE - -4-- (16k-64)bytes| | [(12k-64)bytes| | | (8k-64)bytes| | _|(16k-64)bytes| || (8k-64)bytes
HFFFFCO =-7°- On-chip } On-chip [ On-chip || [ On-chip | [[ On-chip
64 b Gf bA'\t/1 64R€\'\t/1 64 b 64R€\'\t/|
WEFEEEE - (64bytes) || | (64bytes) | | | (eabytes) | | | (64bytes) | || (64bytes)
Input clock| 2 to 25 MHz* (2 to 16 MHz for 16 MHz operation version)
frequency
range
Operating |25 MHz operation version: 2 to 25 MHz 2 to 28 MHz*
frequency |16 MHz operation version: 2 to 16 MHz
range
Operating |25 MHz operation version PV,=45V1to55V
voltage PV, =45Vt055V,V,=PLLV,.=3.0V1t03.6V, AV, =4.5Vto 5.5V, (Single power supply version lacking V.
range Vref=4.5V to AV, and PLLV_. pins)
16 MHz operation version (low-voltage version) AV, =45Vto55V
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H8S/2633 Series

H8S/2633R Series

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT H8S/2695

PV, =30Vt055V,V, =PLLV,.=3.0Vt03.6V
[When using A/D or D/A]

AV, =3.6V1t055V,Vref=3.6VtoAV,

[When not using A/D or D/A]

AV, =33V1t055V,Vref=3.3Vto AV,

Vref =4.5Vto AV .

Power

supply
pins

2 power supply configurations, PV (5 V power supply) and
Ve (3V power supply), PLLV . is 3 V power supply

PV, (5 V power supply) single power
supply configuration

Do not connect the VCL pin to the
power supply. Instead, connect it to a
ground via a 0.1 pF power supply
stabilizer capacitor (which should be
mounted close to the pin).

Do not connect the V. power supply
to the VCL pin.

Note that the VCL pin is located in the
same position as the V. pin on the
older H8S/2633 Series and
H8S/2633F.

External
capacitor

VCL (pin 11: FP128B)
(pin 7: TFP120)

I
Vss (pin 9: FP128B)
(pin 5: TFP120)

* There is no PLLV . power supply pin.

0.1pF

EXTAL
input level

ViV X08VtoV,+03V
V,:-03VtoV,x02V
(V. =3.0V1t03.6V)

Vi PV, x08VtoPV +03V
V,.:=0.3Vto PV, x02V
(PV,=45V1055V)

Interrupt
sources

External interrupts: NMLIRQ7 to IRQO
Internal interrupts: 72 sources

External interrupts:
NMLIRQ7 to IRQO

Internal interrupts:
49 sources

32 kHz
oscillator

Yes (subactive mode, subsleep mode, and watch mode supported)

No (subactive
mode, subsleep
mode, and watch
mode not
supported)

Method of
fixing OSC
pin when
32 kHz
oscillator
not used

Ve power supply

0OsC1

osc2 Open

No 32 kHz
0scC1 oscillator.

GND
The HD6432695 is
osc2 Open |the HD6432633
Series. The pins
corresponding to
OSC1 and OSC2in
the HD64F2633 are
NC pins in the
HD6432695.
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H8S/2633 Series H8S/2633R Series

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695

Properties | Output of pins 34 and 35 is normally NMOS push-pull output, but is NMOS open-drain output No IIC function.

of multi-  |when the IIC bus drive function is selected. Pins 34 and 35

use pins output is CMOS

(pins 34 output.

and 35)

Recom- |See section 23A, Clock Oscillator (H8S/2633, H8S/2632, H8S/2631, See section 23B, Clock Oscillator

mended |H8S/2633F). (H8S/2633R, H8S/2695).

external

PLL circuit

PC break Yes No

controller

(PBC)

DRAM Yes No

interface

DMA Yes No

controller

(DMAC)

Data Yes No

transfer

controller

(DTC)

I/O ports | Functions of H8S/2633, H8S/2632, H8S/2631, H8S/2633F, and H8S/2633R are identical. Some functions of

See section 10A, I/O Ports, for details. the .H85/2633

Series have been
eliminated. See
section 10B, I/O
Ports, for details.

Program- Yes No

mable

pulse

generator

(PPG)

8-bit timer Yes No

(TMR)

14-bit Yes No

PWM

timer

WDTI Yes No

IrDA Yes No

I°C bus Yes [option] Yes No

interface

ney

DI/IA Yes No

converter

Note: * The input clock frequency range is 2 to 25 MHz (2 to 16 MHz on 16 MHz operation version: H8S/2633 Series only).

For 25 MHz < ¢ < 28 MHz operation on the H8S/2633R and H8S/2695, make sure to use a PLL with a multiplying factor set to
x2 or x4 (@ = operating frequency).
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Notes on H85/2695

1. Noteson P35 Pin Functions (SCK 1, SCK4) in H85/2695

The following restrictions apply to the functions of P35 (SCK 1, SCK4) in the H8S/2695. The
functionsindicated by * 2 below cannot be used in the H8S5/2695, and these combinations must not
be set.

(1) P35 Pin Functionsin H8S/2633 Series and H8S/2633R

ICE 0 1
CKE1(SClI1) 0 0,11 0
CKE1(SCl4) 0 1,0,1 0
C/A(SCI1) 0 1 O 0
C/A(SCl4) 0 1 0
CKEO(SCI1) 0 0,11 0 0 0
CKEO(SCl4) 0 1,0,1 0
P35DDR 0 1 O O g O
Pin function P35 P35 SCK1/SCK4 | SCK1/SCK4 | SCK1/SCK4 SCLO
input pin output pin*! | output pin*! | output pin*! input pin input/output pin
IRQ5 input
(2) P35 Pin Functionsin H85/2695
CKE1(SCI1) 0 0*2 1%2 1
CKE1(SCl4) 0 1*2 0*? 1
C/A(SCI1) 0 1 ] a a
C/A(SCI4) 0 1
CKEO(SCI1) 0 0,1,1 O O O O
CKEO(SCI4) 0 1,0,1
P35DDR 0 1 O O O O 03
Pin function P35 P35 SCK1/SCK4 SCK1/SCK4 O O SCK1/SCK4
input pin output pin output pin output pin input pin
IRQ5 input
Notes: *1 The output type is normally NMOS push-pull output, but NMOS open-drain output when
P350DR = 1.

*2 These combinations must not be set.
*3 If SCK1 and SCK4 are used as input (clock input) pins on the H8S/2695, P35DDR must
be cleared to 0.

2. Noteson H85/2695 Development (Using H85/2633 Emulator Chip)

The H85/2695 is not equipped with an 12C bus function and output from pins 34 and 35 is CMOS
output (unless P340ODR or P350DR is set to 1, respectively). These pins are used for NMOS
push-pull output on the H8S/2633 emulator chip, so the output characteristics of these pins are
different than is the case with the H8S/2695. If it is necessary to use pins 34 and 35 for CMOS
output, use an appropriate resistance to pull up pins 34 and 35 of the H8S/2633 emulator chip.
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Manual Reference Pages

H8S/2633 Series

H8S/2633R Series

H8S/2633F-ZTAT| H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT

H8S/2695

RAM

See section 21, RAM

ROM

See section 22, ROM

Interrupt Controller
(INT)

See section 5, Interrupt Controller

PC Break Controller,
(PBC)

See section 6, PC Break Controller (PBC)

DRAM Interface

See section 7, Bus Controller

DMA Controller

See section 8, DMA Controller (DMAC)

(DMAC)

Data Transfer See section 9, Data Transfer Controller (DTC) —
Controller (DTC)

1/0 Ports See section 10A, 1/0O Ports (H8S/2633, H8S/2632, H8S/2631, H8S/2633R) See section 10B, I/O0

Ports (H8S/2695)

16-Bit Timer Pulse
Unit (TPU)

See section 11, 16-Bit Timer Pulse Unit (TPU)

Programmable
Pulse Generator
(PPG)

See section 12, Programmable Pulse Generator (PPG)

8-Bit Timers (TMR)

See section 13, 8-Bit Timers (TMR)

14-Bit PWM D/A

See section 14, 14-Bit PWM D/A

WDTO See section 15, Watchdog Timer
WDT1 See section 15, Watchdog Timer —
Serial See section 16, Serial Communication Interface (SCI, IrDA)

Communication
Interface (SCI)

IrDA See section 16, Serial Communication Interface (SCI, IrDA) —
Smart Card See section 17, Smart Card Interface

Interface

I’C Bus See section 18, I°C Bus Interface (IIC) —

Interface(lIC)

A/D Converter

See section 19, A/D Converter

D/A Converter

See section 20, D/A Converter

32 kHz oscillator

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B,
Clock Pulse
Generator
(H8S/2633R,
H8S/2695)

Clock Pulse
Generator

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B, Clock Pulse Generator
(H8S/2633R, H8S/2695)

EXTAL input level

See section 25, Electrical Characteristics (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 26,
Electrical
Characteristics
(H8S/2633R)

See section 27,
Electrical
Characteristics
(H8S/2695)
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H8S/2633 Series H8S/2633R Series
H8S/2633F-ZTAT| H8S/2633 H8S/2632 H8S/2631 | H8S/2633RF-ZTAT H8S/2695
Recommended See section 23A, Clock Pulse Generator (H8S/2633, See section 23B, Clock Pulse Generator
external PLL circuit |H8S/2632, H8S/2631, H8S/2633F) (H8S/2633R, H8S/2695)
Interrupt processing| See section 5, Interrupt Controller See section 5,
vector table See table 5.4(a) Interrupt Controller
See table 5.4(b)
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Section1 Overview

11 Overview

The H85/2633 Series is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2600 CPU, employing Hitachi's proprietary architecture, and equipped with peripheral
functions on-chip.

The H85/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller
(DMAC)*?, data transfer controller (DTC)*?2 bus masters, ROM and RAM memory, a 16-bit timer-
pulse unit (TPU), programmable pulse generator (PPG)*?, 8-bit timer*2, 14-bit PWM timer
(PWM)*?, watchdog timer (WDT), serial communication interface (SCI, IrDA)*2, A/D converter,
D/A converter*?, and /O ports. It is also possible to incorporate an on-chip PC businterface
(11C)*2 as an option.

On-chip ROM is available as 256-kbyte flash memory (F-ZTAT™ version)** or as 256-, 128-, or
64-kbyte mask ROM. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and
word data to be accessed in one state. Instruction fetching has been speeded up, and processing
speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the H8S/2633 Series are shown in table 1-1.

Notes. *1 F-ZTAT™ isatrademark of Hitachi, Ltd.
*2 This function is not available in the H8S/2695.
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Table1-1

Overview

Item Specification
CPU e General-register machine
O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight
32-bit registers)
« High-speed operation suitable for realtime control
0 Maximum clock rate: 25 MHz (H8S/2633 Series, H8S/2633F),
28 MHz (H8S/2633R, H8S/2695)
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 40 ns, 35 ns
16 x 16-bit register-register multiply : 160 ns, 140 ns
16 x 16 + 42-bit multiply and accumulate : 160 ns, 140 ns
32 + 16-bit register-register divide : 800 ns, 700 ns
* Instruction set suitable for high-speed operation
O Sixty-nine basic instructions
0 8/16/32-bit move/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Multiply-and accumulate instruction
O Powerful bit-manipulation instructions
e Two CPU operating modes
O Normal mode: 64-kbyte address space
(cannot be used in the H8S/2633 Series)
O Advanced mode: 16-Mbyte address space
Bus « Address space divided into 8 areas, with bus specifications settable independently
controller for each area
» Choice of 8-bit or 16-bit access space for each area
e 2-state or 3-state access space can be designated for each area
* Number of program wait states can be set for each area
e Burst ROM directly connectable
« Possible to connect* a maximum of 8 MB of DRAM (alternatively, it is also possible
to use an interval timer)
« External bus release function
PC break « Supports debugging functions by means of PC break interrupts
controller Two break channels
DMA + Short address mode and full address mode selectable
controller . ghort address mode: 4 channels
(DMAC)*

Full address mode: 2 channels
Transfer possible in repeat mode/block transfer mode

Transfer possible in single address mode
Activation by internal interrupt possible

Note: * This function is not available in the H8S/2695.

2
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Item

Specification

Data transfer
controller (DTC)**

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/0O processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer**
4 channels

8-bit up counter (external event count possible)

Time constant register x 2
2 channel connection possible

Watchdog timer
2 channels*?

Watchdog timer or interval timer selectable
Operation using sub-clock supported (WDT1 only)

14-bit PWM timer

Maximum of 4 outputs

*1
(PWM) * Resolution: 1/16384
* Maximum carrier frequency: 390.6 kHz (operating at 25 MHz),
437.6 kHz (operating at 28 MHz)
Serial » Asynchronous mode or synchronous mode selectable

communication
interface (SCI)
5 channels

(SCI0 to SCl4)

Multiprocessor communication function
Smart card interface function

IrDA-equipped SCI**.

1 channel (SCI0)

Supports IrDA standard version 1.0
TxD and RxD encoding/decoding in IrDA format
Start/stop synchronization mode or clock synchronization mode selectable

Multiprocessor communications function
Smart card interface function

Notes:

*1 This function is not available in the H8S/2695.

*2 The watchdog timer in the H8S/2695 has one channel only.
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Item

Specification

A/D converter

Resolution: 10 bits
Input: 16 channels

High-speed conversion: 10.72 s minimum conversion time
(at 25 MHz operation)

Single or scan mode selectable
Sample and hold circuit
A/D conversion can be activated by external trigger or timer trigger

*

D/A converter

Resolution: 8 bits
Output: 4 channels

I/O ports

73 1/0O pins, 16 input-only pins

Memory

PROM or mask ROM
High-speed static RAM

Product Name ROM RAM
H8S/2633 256 kbytes 16 kbytes
H8S/2632 192 kbytes 12 kbytes
H8S/2631 128 kbytes 8 kbytes
H8S/2633R 256 kbytes 16 kbytes
H8S/2695 192 kbytes 8 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)

72 internal interrupt sources (including options), 49 interrupt sources in
the H8S/2695

Eight priority levels settable

Power-down state

Medium-speed mode

Sleep mode

Module stop mode

Software standby mode

Hardware standby mode

Sub-clock operation (sub-active mode, sub-sleep mode, watch mode)

Note: * This function is not available in the H8S/2695.
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Iltem Specification

Operating modes Four MCU operating modes

CPU External Data Bus
Operating On-Chip Initial  Maximum
Mode Mode Description ROM Value Value
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Clock pulse H8S/2633, H8S/2632, H8S/2631
generator «  On-chip PLL circuit (x1, x2, x4)

* Input clock frequency: 2 to 25 MHz
H8S/2633R, H8S/2695

* On-chip PLL circuit (x1, x2, x4) : 2 to 25 MHz
(%2, x4) : 25to 28 MHz
* Input clock frequency: 2 to 25 MHz

Packages * 120-pin plastic TQFP (TFP-120)
e 128-pin plastic QFP (FP-128B)

I°C bus interface » Conforms to I°C bus interface type advocated by Philips
(IIC)* 2 channels

. » Single master mode/slave mode
(optional)

» Possible to determine arbitration lost conditions
» Supports two slave addresses
Note: * This function is not available in the H8S/2695.
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Item

Specification

Product lineup

H8S/2633 Series, H8S/2633F, H8S/2633R, H8S/2695 Operating Frequencies

and Voltages

28 MHz Operation
Version

25 MHz Operation
Version

16 MHz Operation
Version

Input clock 2 to 25 MHz 2 to 25 MHz 2to 16 MHz
frequency range
Operating 2 to 25 MHz 2 to 25 MHz 2to 16 MHz

frequency range

(For 25 to 28 MHz
operation, make sure to
use a PLL with a
multiplying factor set to
X2 or x4.)

Operating voltage
range

PV, =45t055V
(This is a single power
supply and has no Vcc
pin. Refer to ~ for
details.)

AV =45t055V
V=45t AV

PV, =45t055V
Ve =3.0t03.6V
AV, =45t055V
V, =45t0 AV,

PV, =3.0t05.5V
V, =3.0t036V

[When using A/D or
DIA]"?

AV .. =3.6t055V
V. =36VtoAV,

[When not using A/D or
DIA]"?

AV, =33t055V

V. =33VtoAV_

Flash version
Model (ROM/RAM)

HD64F2633RF28
(256 kbytes/16 kbytes)

HD64F2633RTE28
(256 kbytes/16 kbytes)

HD64F2633F25
(256 kbytes/16 kbytes)

HD64F2633TE25
(256 kbytes/16 kbytes)

HD64F2633F16
(256 kbytes/16 kbytes)

HD64F2633TE16
(256 kbytes/16 kbytes)

Mask version
Model (ROM/RAM)

HD6432695F28™1
(192 kbytes/8 kbytes)

HD6432633F25
(256 kbytes/16 kbytes)

HD6432633TE25
(256 kbytes/16 kbytes)

HD6432632F25
(192 kbytes/12 kbytes)

HD6432632TE25
(192 kbytes/12 kbytes)

HD6432631F25
(128 kbytes/8 kbytes)

HD6432631TE25
(128 kbytes/8 kbytes)

HD6432633F16
(256 kbytes/16 kbytes)

HD6432633TE16
(256 kbytes/16 kbytes)

HD6432632F16
(192 kbytes/12 kbytes)

HD6432632TE16
(192 kbytes/12 kbytes)

HD6432631F16
(128 kbytes/8 kbytes)

HD6432631TE16
(128 kbytes/8 kbytes)

Notes: *1 The module configuration of the HD6432695 differs from that of the HD6432633 Series,
HD64F2633, and HD64F2633R. (For information on the module configuration refer to
comparison of H8S/2633, H8S/2632, H8S/2631, H8S/2633F-ZTAT, H8S/2633RF-ZTAT,
and H8S/2695 Product Specifications.

*2 In the case of the 16 MHz operation version, the operating power supply ranges differ
depending on whether A/D or D/A conversion is used.
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Iltem Specification

Product lineup Models and Corresponding Packages

Model Name Package

HD64F2633F25 FP-128B
HD64F2633F16

HD6432633F25

HD6432633F16

HD6432632F25

HD6432632F16

HD6432631F25

HD6432631F16

HD64F2633RF28

HD6432695F28

HD64F2633TE25 TFP-120
HD64F2633TE16

HD6432633TE25

HD6432633TE16

HD6432632TE25

HD6432632TE16

HD6432631TE25

HD6432631TE16
HD64F2633RTE28

RENESAS



12 Internal Block Diagram

Figure 1-1 (a) shows an internal block diagram of the H8S/2633, H85/2632, H8S/2631, and
H8S/2633F. Figure 1-1 (b) shows the internal block diagram of the H8S/2633R. Figure 1-1 (c)
shows the internal block diagram of the H8S/2695.
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Notes: *1 Applies to the H8S/2633 only.
*2 The FWE pin is used only in the flash memory version.

Figure1-1(a) H8S/2633F, H852633, H8S52632, H8S/2631 | nternal Block Diagram
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Figure1-1 (b) H8S2633R Internal Block Diagram
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Figure1-1(c) H8S/2695 Internal Block Diagram

RENESAS




1.3

131

Pin Arrangement

Pin Description

Figures 1-2 (a) and 1.3 (a) show the pin arrangement of the H8S/2633, H85/2632, H8S/2631, and
H8S/2633F. Figures 1-2 (b) and 1.3 (b) show the pin arrangement of the H8S/2633R. Figures
1-3 (¢) shows the pin arrangement of the H8S/2695.
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure1-2 (a) H8S/2633, H8S/2632, H8S/2631, H8S/2633F Pin Arrangement

(TFP-120: Top View)
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure1-2 (b) H8S/2633R Pin Arrangement (TFP-120: Top View)
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Figure1-3(a) H8S/2633, H85/2632, H8S/2631, H8S/2633F Pin Arrangement
(FP-128B: Top View)
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In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

Note: * The FWE pin is used only in the flash memory version.
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Figure 1-3 (b) H8S/2633R Pin Arrangement (FP-128B

In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

Note: * The FWE pin is used only in the flash memory version.
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In the mask ROM version this pin should be left open or connected to VSS.

Note: * In the flash memory version this is the FWE pin.

Figure1-3(c) H8S2695 Pin Arrangement (FP-128B: Top View)
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132 Pin Functionsin Each Operating Mode

Table 1-2 (a) shows the pin functions of the H8S/2633, H85/2632, H8S/2631, and H8S/2633F in
each of the operating modes. Table 1-2 (b) shows the pin functions of the H8S/2633R in each of
the operating modes. Table 1-2 (c¢) shows the pin functions of the H8S/2695 in each of the
operating modes.

Table 1-2 (a) Pin Functionsin Each Operating M ode (H852633, H85/2632, H8S/2631,

H8S/2633F)

Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
1 5 A0 A0 PCO/A0 PCO
2 6 Al Al PC1/A1 PC1
3 7 A2 A2 PC2/A2 PC2
4 8 A3 A3 PC3/A3 PC3
5 9 VSS VSS VSS VSS
6 10 A4 A4 PC4/A4 PC4
7 11 VCC VvCC VCC VCC
8 12 A5 A5 PC5/A5 PC5
9 13 A6 A6 PC6/A6/PWMO PC6/PWMO
10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1
11 15 VSS VSS VSS VSS
12 16 A8 A8 PBO/A8/TIOCA3 PBO/TIOCAS3
13 17 PVCC1 PVCC1 PVCC1 PVCC1
14 18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3
15 19 A10 A10 PB2/A10/TIOCC3 PB2/TIOCC3
16 20 All All PB3/A11/TIOCD3 PB3/TIOCD3
17 21 Al2 Al2 PB4/A12/TIOCA4 PB4/TIOCA4
18 22 A13 A13 PB5/A13/TIOCB4 PB5/TIOCB4
19 23 Al4d Al4d PB6/A14/TIOCAS PB6/TIOCAS
20 24 Al5 Al5 PB7/A15/TIOCB5 PB7/TIOCB5
21 25 Al6 Al16 PA0/A16 PAO
22 26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2
23 27 Al8 Al18 PA2/A18/RxD2 PA2/RxD2
24 28 Al19 Al19 PA3/A19/SCK2 PA3/SCK2
25 29 VSS VSS VSS VSS
16
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

26 30 P10/PO8/TIOCAO/  P10/PO8/TIOCA0/  P10/POS/TIOCAO/  P10/POS/TIOCAO/
DACKO/A20 DACKO/A20 DACKO/A20 DACKO

27 31 P11/PO9/TIOCBO/  P11/POY/TIOCBO/  P11/PO9/TIOCBO/  P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1

28 32 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

30 34 £4/P012/TIOCA1/ MOIZ/TIOCAl/ MOlZ/TIOCAl/ £4/P012/TIOCA1/
IRQO IRQO IRQO IRQO

— 35 NC NC NC NC

— 36 NC NC NC NC

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

32 38 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD

34 40 DO PEO/DO PEO/DO PEO

35 41 D1 PE1/D1 PE1/D1 PE1

36 42 D2 PE2/D2 PE2/D2 PE2

37 43 D3 PE3/D3 PE3/D3 PE3

38 44 D4 PE4/D4 PE4/D4 PE4

39 45 D5 PE5/D5 PES5/D5 PE5

40 46 D6 PE6/D6 PE6/D6 PEG6

41 47 D7 PE7/D7 PE7/D7 PE7

42 48 VSS VSS VSS VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

47 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5

50 56 D14 D14 D14 PD6

RENESAS
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

51 57 D15 D15 D15 PD7

52 58 P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO0/IrTxD

53 59 P31/RxD0/IrRxD P31/RxDO/IrRxD P31/RxDO/IrRXD P31/RxD0/IrRxD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDAL/  P32/SCKO/SDAL/  P32/SCKO/SDAl/  P32/SCKO/SDAL/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSS VSS VSS VSS

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/IRQ5 SCLO/IRQ5 SCLO/RQ5 SCLO/IRQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC NC NC NC

— 68 NC NC NC NC

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/RQ6

63 71 PG1/CS3/0E/IRQ7 PG1/CS3/0E/IRQ7 PG1/CS3OE/RQ7 PGLIRQY

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CST PG3/CST PG3/CST PG3

66 74 PG4/CSO PG4/CSO PG4/CSO PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 PLLVCC PLLVCC PLLVCC PLLVCC

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE* FWE* FWE* FWE*

75 83 XTAL XTAL XTAL XTAL

76 84 \Yele: \Yele: VCC \Yele:

77 85 EXTAL EXTAL EXTAL EXTAL

78 86 VsS VSS VSs VSsS
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Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
79 87 0SC1 0scC1 0sC1 0SC1
80 88 0osc2 0scC2 0sc2 0sc2
81 89 PVCC1 PVCC1 PVCC1 PVCC1
82 90 PF7/g PF7/g PF7/g PF7/g
83 91 VSS VSS VSS VSS
84 92 AS/LCAS AS/LCAS AS/LCAS PF6
85 93 RD RD RD PF5
86 94 HWR HWR HWR PF4
87 95 LWR PF3/LWR/ADTRG/  PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3
IRQ3 IRQ3
88 96 PF2/LCASWAIT/ ~ PF2/LCAS/WAIT/  PF2/LCASWAIT/  PF2
BREQO BREQO BREQO
89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ
90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
— 99 NC NC NC NC
— 100 NC NC NC NC
91 101 AVCC AVCC AvVCC AvVCC
92 102 Vref Vref Vref Vref
93 103 P40/ANO P40/ANO P40/ANO P40/ANO
94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
98 108 P45/AN5 P45/AN5 P45/AN5 P45/AN5
99 109 P46/ANG/DAO P46/AN6/DAO P46/AN6/DAO P46/ANG/DAO
100 110 P47/AN7/DAL P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DAL
101 111 P90/ANS P90/ANS P90/ANS P90/ANS
102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRI01/TMCIO1/ P70/TMRIO1/TMCIO1/ P70/TMRIO1/TMCIO1/ P70/TMRIO1/TMCIO1/
DREQO/CS4 DREQO/CS4 DREQO/CS4 DREQO

111 121 P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/
CS6/SYNCI CS6/SYNCI CS6/SYNCI SYNCI

113 123 P73/TMOL/TEND1/  P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TENDT
CSs7 Cs7 CSs7

114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES

115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3

116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3

117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

118 128 MDO MDO MDO MDO

119 1 MD1 MD1 MD1 MD1

120 2 MD2 MD2 MD2 MD2

— 3 NC NC NC NC

— 4 NC NC NC NC

Notes: NC pins should be connected to VSS or left open.
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* FWE is used only in the flash memory version. Leave open or connect VSS in the mask
ROM version.
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Table 1-2 (b) Pin Functionsin Each Operating M ode (H852633R)

Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

1 5 A0 AO PCO/A0 PCO

2 6 Al Al PC1/A1 PC1

3 7 A2 A2 PC2/A2 PC2

4 8 A3 A3 PC3/A3 PC3

5 9 VSS VSS VSS VSS

6 10 A4 A4 PC4/A4 PC4

7 11 VCL VCL VCL VCL

8 12 A5 A5 PC5/A5 PC5

9 13 A6 A6 PC6/A6/PWMO PC6/PWMO

10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1

11 15 VSS VSS VSS VSS

12 16 A8 A8 PBO/A8/TIOCA3 PBO/TIOCA3

13 17 PVCC1 PVCC1 PVCC1 PVCC1

14 18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3

15 19 All All PB3/A11/TIOCD3 PB3/TIOCD3

17 21 A12 Al12 PB4/A12/TIOCA4 PB4/TIOCA4

18 22 Al3 Al3 PB5/A13/TIOCB4 PB5/TIOCB4

19 23 Al4 Al4d PB6/A14/TIOCAS PB6/TIOCAS

20 24 Al5 AlS5 PB7/A15/TIOCB5 PB7/TIOCB5

21 25 Al6 Al6 PAO0/A16 PAO

22 26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2

23 27 A18 Al18 PA2/A18/RxD2 PA2/RxD2

24 28 Al9 Al19 PA3/A19/SCK2 PA3/SCK2

25 29 VSS VSS VSS VSS

26 30 P10/POS/TIOCAO0/  P10/POSB/TIOCAO/  P10/PO8/TIOCAO/  P10/PO8/TIOCAQ/
DACKO0/A20 DACKO0/A20 DACKO0/A20 DACKO

27 31 P11/PO9/TIOCBO/ P11/PO9/TIOCBO/ P11/PO9/TIOCBO/ P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

28 32 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

30 34 MOIZ/TIOCAU MOlZ/TIOCAl/ MPOlZFI’IOCAl/ MOIZITIOCAl/
IRQO IRQO IRQO IRQO

— 35 NC NC NC NC

— 36 NC NC NC NC

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

32 38 PlG/POi/TIOCAZ/ PlG/POL/TIOCAZ/ PlG/POL/TIOCAZ/ PlG/POi/TIOCAZ/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD

34 40 DO PEO/DO PEO/DO PEO

35 41 D1 PE1/D1 PE1/D1 PE1l

36 42 D2 PE2/D2 PE2/D2 PE2

37 43 D3 PE3/D3 PE3/D3 PE3

38 44 D4 PE4/D4 PE4/D4 PE4

39 45 DS PES5/D5 PES5/D5 PES

40 46 D6 PE6/D6 PE6/D6 PE6

41 47 D7 PE7/D7 PE7/D7 PE7

42 48 VSS VSS VSS VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

47 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5

50 56 D14 D14 D14 PD6

51 57 D15 D15 D15 PD7

52 58 P30/TxDO0/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO0/IrTxD

22
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

53 59 P31/RxDO/IrRXD P31/RxDO/IrRxD P31/RxD0/IrRxD P31/RxDO/IFRXD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDA1/  P32/SCKO/SDAL/  P32/SCKO/SDAL/  P32/SCKO/SDAL/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSS VSS VSS VSS

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/RQ5 SCLO/IRQ5 SCLO/IRQ5 SCLO/RQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC NC NC NC

— 68 NC NC NC NC

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/RQ6

63 71 PG1/CS3/0E/IRQ7 PG1/CS3/0E/NRQ7 PG1/CS3/0ENRQ7 PG1iRQ7

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CST PG3/CST PG3/CST PG3

66 74 PG4/CS0 PG4/CSO PG4/CSO PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 NC NC NC NC

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE FWE FWE FWE

75 83 XTAL XTAL XTAL XTAL

76 84 NC NC NC NC

77 85 EXTAL EXTAL EXTAL EXTAL

78 86 VSS VSS VSS VSS

79 87 0OsC1 0scC1 0sC1 0OsC1
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Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
80 88 0sc2 0SsC2 0sc2 0sc2
81 89 PVCC1l PVCC1 PVCC1 PVCC1l
82 90 PF7/g PF7/g PF7/g PF7/g
83 91 VSS VSS VSS VSS
84 92 ASILCAS ASILCAS AS/ILCAS PF6
85 93 RD RD RD PF5
86 94 HWR HWR HWR PF4
87 95 LWR PF3/LWR/ADTRG/  PF3/LWR/ADTRG/  PF3/ADTRG/IRQ3
IRQ3 IRQ3
88 96 PF2/LCAS/WAIT/  PF2ILCASWAIT/  PF2ILCAS/WAIT/  PF2
BREQO BREQO BREQO
89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ
90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
— 99 NC NC NC NC
— 100 NC NC NC NC
91 101 AvVCC AvCC AvVCC AvVCC
92 102 Vref Vref Vref Vref
93 103 P40/ANO P40/ANO P40/ANO P40/ANO
94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
98 108 P45/ANS P45/AN5 P45/AN5 P45/AN5
99 109 P46/AN6/DAO P46/AN6/DAQ P46/AN6/DAO P46/AN6/DAO
100 110 P47/AN7/DAL P47/AN7/DAL P47/AN7/DAL P47/AN7/DAL
101 111 P90/ANS P90/ANS P90/ANS P90/ANS
102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
24
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRI01/TMCIO1/ P70/TMRIOL/TMCIO1/ P70/TMRIO1/TMCI01/ P70/TMRIO1/TMCI01/
DREQO/CS4 DREQO/CS4 DREQO/CS4 DREQO

111 121 P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/
CS6/SYNCI CS6/SYNCI CS6/SYNCI SYNCI

113 123 P73/TMOL/TEND1/  P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TENDT
CSs7 CS7 Cs7

114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES

115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3

116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3

117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

118 128 MDO MDO MDO MDO

119 1 MD1 MD1 MD1 MD1

120 2 MD2 MD2 MD2 MD2

— 3 NC NC NC NC

— 4 NC NC NC NC

Note: NC pins should be connected to VSS or left open.
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Table 1-2 (c) Pin Functionsin Each Operating M ode (H852695)

Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

5 A0 A0 PCO/A0 PCO

6 Al Al PC1/A1 PC1

7 A2 A2 PC2/A2 PC2

8 A3 A3 PC3/A3 PC3

9 VSS VSS VSS VSS

10 A4 A4 PC4/A4 PC4

11 VCL VCL VCL VCL

12 A5 A5 PC5/A5 PC5

13 A6 A6 PC6/A6 PC6

14 A7 A7 PC7/A7 PC7

15 VSS VSS VSS VSS

16 A8 A8 PBO/A8/TIOCA3 PBO/TIOCA3

17 PVCC1 PVCC1 PVCC1 PVCC1

18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3

19 Al0 Al10 PB2/A10/TIOCC3 PB2/TIOCC3

20 All All PB3/A11/TIOCD3 PB3/TIOCD3

21 Al2 Al2 PB4/A12/TIOCA4 PB4/TIOCA4

22 Al3 Al3 PB5/A13/TIOCB4 PB5/TIOCB4

23 Al4 Al4 PB6/A14/TIOCAS PB6/TIOCAS

24 Al5 Al5 PB7/A15/TIOCB5 PB7/TIOCB5

25 Al6 Al6 PAO/A16 PAO

26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2

27 Al8 Al8 PA2/A18/RxD2 PA2/RxD2

28 Al9 Al9 PA3/A19/SCK2 PA3/SCK2

29 VSS VSS VSS VSS

30 P10/TIOCAO0/A20 P10/TIOCAO0/A20 P10/TIOCAO/A20 P10/TIOCAO

31 P11/TIOCB0/A21 P11/TIOCBO/A21 P11/TIOCBO/A21 P11/TIOCBO

32 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

33 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

34 P14/TIOCA1/IRQ0  P14/TIOCA1/IRQ0  P14/TIOCA1/IRQ0  P14/TIOCA1/IRQO

26

RENESAS



Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

35 NC NC NC NC

36 NC NC NC NC

37 P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC

38 P16/TIOCA2/IRQT  P16/TIOCA2/IRQT  P16/TIOCA2/IRQ1  P16/TIOCA2/IRQT

39 P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD

40 DO PEO/DO PEO/DO PEO

41 D1 PE1/D1 PE1/D1 PE1

42 D2 PE2/D2 PE2/D2 PE2

43 D3 PE3/D3 PE3/D3 PE3

44 D4 PE4/D4 PE4/D4 PE4

45 DS PE5/D5 PES5/D5 PES

46 D6 PE6/D6 PE6/D6 PEG6

47 D7 PE7/D7 PE7/D7 PE7

48 VSS VSS VSS VSS

49 D8 D8 D8 PDO

50 PVCC1 PVCC1 PVCC1 PVCC1

51 D9 D9 D9 PD1

52 D10 D10 D10 PD2

53 D11 D11 D11 PD3

54 D12 D12 D12 PD4

55 D13 D13 D13 PD5

56 D14 D14 D14 PD6

57 D15 D15 D15 PD7

58 P30/TxDO P30/TxD0 P30/TxD0 P30/TxDO

59 P31/RxD0O P31/RxDO0 P31/RxD0O P31/RxD0O

60 PvCC2 PvCC2 PvCC2 PvCC2

61 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4

62 VSS VSS VSS VSS

63 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1

64 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1

65 &WSCKUSCKM iS/SCKl/SCKM iS/SCKl/SCKM &WSCKUSCKM
IRQ5 IRQ5 IRQ5 IRQ5

RENESAS

27



Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4
67 NC NC NC NC
68 NC NC NC NC
69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4
70 PGO/RQ6 PGO/IRQ6 PGO/RQ6 PGO/RQ6
71 PG1/CS31RQ7 PG1/CS3/RQ7 PG1/CS31RQ7 PG11RQ7
72 PG2/CS2 PG2/CS2 PG2/CS2 PG2
73 PG3/CST PG3/CST PG3/CST PG3
74 PG4/CS0 PG4/CS0 PG4/CS0 PG4
75 WDTOVF WDTOVF WDTOVF WDTOVF
76 NC NC NC NC
77 PLLCAP PLLCAP PLLCAP PLLCAP
78 PLLVSS PLLVSS PLLVSS PLLVSS
79 RES RES RES RES
80 NMI NMI NMI NMI
81 STBY STBY STBY STBY
82 NC* NC* NC* NC*
83 XTAL XTAL XTAL XTAL
84 NC NC NC NC
85 EXTAL EXTAL EXTAL EXTAL
86 VSS VSS VSS VSS
87 NC NC NC NC
88 NC NC NC NC
89 PVCC1 PVCC1 PVCC1 PVCC1
90 PF7/g PF7/g PF7/g PF7/g
91 VSS VSS VSS VSS
92 AS AS AS PF6
93 RD RD RD PF5
94 HWR HWR HWR PF4
95 LWR PF3/LWR/ADTRG/  PF3/LWR/ADTRG/  PF3/ADTRG/IRQ3

IRQ3 IRQ3

96 PF2/WAIT/BREQO PF2/WAIT/BREQO PF2/WAIT/BREQO PF2
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
97 PF1/BACK PF1/BACK PF1/BACK PF1
98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
99 NC NC NC NC
100 NC NC NC NC
101 AvVCC AVCC AvVCC AvVCC
102 Vref Vref Vref Vref
103 P40/ANO P40/ANO P40/ANO P40/ANO
104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
108 P45/AN5 P45/AN5 P45/AN5 P45/AN5
109 P46/AN6 P46/ANG P46/AN6 P46/AN6
110 P47/AN7 P47/IAN7 P47/AN7 P47/AN7
111 P90/ANS P90/ANS P90/ANS P90/ANS
112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
117 P96/AN14 P96/AN14 P96/AN14 P96/AN14
118 P97/AN15 P97/AN15 P97/AN15 P97/AN15
119 AVSS AVSS AVSS AVSS
120 P70/CS4 P70/CS4 P70/CS4 P70
121 P71/CS5 P71/CS5 P71/CS5 P71
122 P72/CS6 P72/CS6 P72/CS6 P72
123 P73/CS7 P73/CS7 P73/CS7 P73
124 P74/MRES P74/MRES P74/MRES P74/MRES
125 P75/SCK3 P75/SCK3 P75/SCK3 P75/SCK3
126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3
127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7
128 MDO MDO MDO MDO

1 MD1 MD1 MD1 MD1

2 MD2 MD2 MD2 MD2

3 NC NC NC NC

4 NC NC NC NC

Notes: NC pins should be connected to VSS or left open.
* In the flash memory version this is the FWE pin.
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1.33 Pin Functions

Table 1-3 (@) outlines the pin functions of the H8S/2633, H85/2632, H8S/2631 and H8S/2633F.
Table 1-3 (b) outlines the pin functions of the H8S/2633R. Table 1-3 (c) outlines the pin functions

of the H8S/2695.

Table1-3 (a) Pin Functions (H85/2633, H85/2632, H85/2631, H8S/2633F)

Type Symbol

I/0

Name and Function

Power VCC

Input

Power supply: For connection to the power supply.
All VCC pins should be connected to the system power

supply.

PVCC1,
PVCC2

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock PLLVCC

Input

PLL power supply: Power supply for on-chip PLL
oscillator.

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

0OSC1

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.

0SsC2

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.

Output

System clock: Supplies the system clock to an external
device.
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Type Symbol

I/0

Name and Function

Operating mode MD2 to MDO
control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4

Mode 5

Mode 6

P O|FR,|O|FR,|O|Fr|O

Mode 7

System control  RES

Input

Reset input: When this pin is driven low, the chip is
reset.

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

BREQO

Output

Bus request output: The external bus request signal
used when an internal bus master accesses external
space in the external bus-released state.

BACK

Output

Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

FWE

Input

Flash write enable: Pin for flash memory use (in
planning stage).
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Type

Symbol

1’0

Name and Function

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO

Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

I/0

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

Output

Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

Output

Read: When this pin is low, it indicates that the
external address space can be read.

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output

Output enable:
Output enable signal for DRAM space read access.

WAIT

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol I/0 Name and Function
DMA controller  DREQT, Input DMA request 1,0:
(DMAC) DREQO Requests DMAC activation.

TEND1, Output DMA transfer completed 1,0:

TENDO Indicates DMAC data transfer end.

DACK1, Output  DMA transfer acknowledge 1,0:

DACKO DMAC single address transfer acknowledge pin.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, 1/0 Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, /0 Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output

compare output, or PWM output pins.

TIOCA2, 1/0 Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/0 Input capture/ output compare match A3 to D3:

TIOCBS, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCA4, 1/0 Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output

compare output, or PWM output pins.

TIOCAS, 1/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
Programmable PO15 to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output  Compare match output: The compare match output

TMO3 pins.

TMCIO1, Input Counter external clock input: Input pins for the external

TMCI23 clock input to the counter.

TMRIOZ, Input Counter external reset input: The counter reset input

TMRI23 pins.
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Type Symbol I/0 Name and Function
14-bit PWM timer PWMO to Output PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWM3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUzZ Output  BUZZ output: Output pins for the pulse divided by the
watchdog timer.
Serial TxD4, Output  Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCK4, 110 Serial clock (channel 0, 1, 2): Clock 1/O pins.
SCK3, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SCI0)
I°C bus interface  SCLO I/0 I°C clock input (channel 1, 0):
(lIC) (optional) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO I/0 I°C data input/output (channel 1, 0):
SDA1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3 to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.

D/A converter

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
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Type

Symbol

I/0

Name and Function

A/D converter,
D/A converter

AVSS

Input

Analog circuit ground and reference voltage

A/D converter and D/A converter ground and reference
voltage.

Connect to system power supply (0 V).

Vref

Input

A/D converter and D/A converter reference voltage
input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

I/O ports

P17 to P10

I/0

Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37 to P30

I/0

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

I/0

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO

I/0

Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7 to PCO

110

Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO

110

Port D: An 8-bit I/O port. Input or output can be
designated for each hit by means of the port D data
direction register (PDDDR).

PE7 to PEO

I/0

Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PFO

I/0

Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4 to PGO

I/0

Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table 1-3 (b) Pin Functions (H852633R)

Type

Symbol

110

Name and Function

Power

VCL

Output

On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the
pins).

PVCC1,
PVCC2

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

0OSC1

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

0SC2

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

Output

System clock: Supplies the system clock to an external
device.
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Type Symbol

I/0

Name and Function

Operating mode MD2 to MDO
control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4

Mode 5

Mode 6

P O|FR,|O|FR,|O|Fr|O

Mode 7

System control  RES

Input

Reset input: When this pin is driven low, the chip is
reset.

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

BREQO

Output

Bus request output: The external bus request signal
used when an internal bus master accesses external
space in the external bus-released state.

BACK

Output

Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

FWE

Input

Flash write enable: Pin for flash memory use (in
planning stage).
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Type

Symbol

1’0

Name and Function

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO

Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

I/0

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

Output

Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

Output

Read: When this pin is low, it indicates that the
external address space can be read.

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output

Output enable:
Output enable signal for DRAM space read access.

WAIT

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol I/0 Name and Function
DMA controller  DREQT, Input DMA request 1,0:
(DMAC) DREQO Requests DMAC activation.

TEND1, Output DMA transfer completed 1,0:

TENDO Indicates DMAC data transfer end.

DACK1, Output  DMA transfer acknowledge 1,0:

DACKO DMAC single address transfer acknowledge pin.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, 1/0 Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, /0 Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output

compare output, or PWM output pins.

TIOCA2, 1/0 Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/0 Input capture/ output compare match A3 to D3:

TIOCBS, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCA4, 1/0 Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output

compare output, or PWM output pins.

TIOCAS, 1/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
Programmable PO15 to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output  Compare match output: The compare match output

TMO3 pins.

TMCIO1, Input Counter external clock input: Input pins for the external

TMCI23 clock input to the counter.

TMRIOZ, Input Counter external reset input: The counter reset input

TMRI23 pins.
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Type Symbol I/0 Name and Function
14-bit PWM timer PWMO to Output PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWM3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUzZ Output  BUZZ output: Output pins for the pulse divided by the
watchdog timer.
Serial TxD4, Output  Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCK4, 110 Serial clock (channel 0, 1, 2): Clock 1/O pins.
SCK3, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SCI0)
I°C bus interface  SCLO I/0 I°C clock input (channel 1, 0):
(l[®] SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO I/0 I°C data input/output (channel 1, 0):
SDA1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3 to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.

D/A converter

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
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Type

Symbol

I/0

Name and Function

A/D converter,
D/A converter

AVSS

Input

Analog circuit ground and reference voltage

A/D converter and D/A converter ground and reference
voltage.

Connect to system power supply (0 V).

Vref

Input

A/D converter and D/A converter reference voltage
input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

I/O ports

P17 to P10

I/0

Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37 to P30

I/0

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

I/0

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO

I/0

Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7 to PCO

110

Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO

110

Port D: An 8-bit I/O port. Input or output can be
designated for each hit by means of the port D data
direction register (PDDDR).

PE7 to PEO

I/0

Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PFO

I/0

Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4 to PGO

I/0

Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table 1-3 (c) Pin Functions (H852695)

Type Symbol 1/0 Name and Function

Power VCL Output  On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the

pins).

PVCC Input Port power supply pin. Connect all pins to the same
power supply.

VSS Input Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock PLLVSS Input PLL ground: Ground for on-chip PLL oscillator.
PLLCAP Input PLL capacitance: External capacitance pin for on-chip

PLL oscillator.

XTAL Input Connects to a crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL Input Connects to a crystal oscillator.
The EXTAL pin can also input an external clock.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

a Output  System clock: Supplies the system clock to an external
device.

Operating mode MD2 to MDO Input Mode pins: These pins set the operating mode.

control The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is

operating.
MD2 MD1 MDO Operating Mode
0 0 0 —
1 J—
1 0 —
1 J—
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
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Type

Symbol

I/0

Name and Function

System control

RES

Input

Reset input: When this pin is driven low, the chip is
reset.

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

Output

Bus request output: The external bus request signal
used when an internal bus master accesses external
space in the external bus-released state.

BACK

Output

Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO

Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

I/0

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

AS

Output

Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

Output

Read: When this pin is low, it indicates that the
external address space can be read.

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol 1/0 Name and Function
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA
TIOCAO, I/O Input capture/ output compare match AO to DO:
TIOCBO, The TGROA to TGROD input capture input or output
TIOCCO, compare output, or PWM output pins.
TIOCDO
TIOCAL, I/O Input capture/ output compare match Al and B1:
TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.
TIOCA2, I/0 Input capture/ output compare match A2 and B2:
TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.
TIOCA3, 1/0 Input capture/ output compare match A3 to D3:
TIOCBS, The TGR3A to TGR3D input capture input or output
TIOCC3, compare output, or PWM output pins.
TIOCD3
TIOCA4, I/O Input capture/output compare match A4 and B4:
TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/O Input capture/output compare match A5 and B5:
TIOCB5 The TGR5A and TGR5B input capture input or output
compare output, or PWM output pins.
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
Serial TxD4, Output  Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCK4, 110 Serial clock (channel 0, 1, 2): Clock 1/O pins.
SCKS, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
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Type Symbol

I/0

Name and Function

A/D converter AN15 to ANO

Input

Analog 15 to 0: Analog input pins.

ADTRG

Input

A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

AVCC

Input

A/D converter power supply pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

AVSS

Input

Analog circuit ground and reference voltage
A/D converter ground and reference voltage.
Connect to system power supply (0 V).

Vref

Input

A/D converter reference voltage input pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

I/O ports P17 to P10

I/0

Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37 to P30

110

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

I/0

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO

I/0

Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7 to PCO

I/0

Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO

I/0

Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).
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Type Symbol 1/0 Name and Function

1/0 ports PE7to PEO I/O Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7to PFO I/O Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4 to PGO 1/O Port G: An 5-bit I/O port. Input or output can be

designated for each bit by means of the port G data
direction register (PGDDR).
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Section2 CPU

21 Overview

The H85/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-bit

genera registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is

ideal for realtime control.

211 Features

The H85/2600 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture

0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-hit
registers)

Sixty-nine basic instructions

0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions

O Powerful bit-manipulation instructions

O Multiply-and-accumulate instruction

Eight addressing modes

0 Register direct [Rn]

0O Register indirect [@ERnN]

0 Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]

0 Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
0 Absolute address [@aa:8, @aa: 16, @aa: 24, or @aa:32]

O Immediate [#xx:8, #xx:16, or #xX:32]

O Program-counter relative [@(d:8,PC) or @(d:16,PC)]

0 Memory indirect [ @@aa:8]

16-Mbyte address space
O Program: 16 Mbytes
0 Data 16 Mbytes (4 Gbytes architecturally)

RENESAS
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High-speed operation

O All frequently-used instructions execute in one or two states

O Maximum clock rate : 25 MHz (H85/2633, H85/2632,
H85/2631, H8S/2633F),
28 MHz (H8S/2633R, H85/2695)

O 8/16/32-hit register-register add/subtract : 40 ns (25 MHz), 35 ns (28 MHz)

O 8 x 8-hit register-register multiply : 120 ns (25 MHz), 105 ns (28 MHz)
O 16+ 8-hit register-register divide : 480 ns (25 MHz), 420 ns (28 MHZz)
O 16 x 16-bit register-register multiply : 160 ns (25 MHz), 140 ns (28 MHz)
O 32+ 16-hit register-register divide : 800 ns (25 MHz), 700 ns (28 MHZz)

Two CPU operating modes
O Normal mode*
O Advanced mode

Note: * Not available in the H85/2633 Series.

Power-down state
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection

212 Differ ences between H85/2600 CPU and H85/2000 CPU

The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

50

Register configuration
The MAC register is supported only by the H85/2600 CPU.
Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

Number of execution states

The number of execution states of the MULXU and MUL XS instructionsis different in each
CPU.
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Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.

213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

» Moregenerd registers and control registers

O Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.

» Expanded address space
O Norma mode* supports the same 64-kbyte address space as the H8/300 CPU.
O Advanced mode supports a maximum 16-M byte address space.

Note: * Not available in the H8S/2633 Series.

» Enhanced addressing

0 The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions

Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.

A multiply-and-accumulate instruction has been added.

Two-bit shift instructions have been added.

Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

O 0Ooooogdg

» Higher speed
00 Basic instructions execute twice as fast.
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214

Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

* Additional control register

ad

One 8-bit and two 32-bit control registers have been added

* Enhanced instructions

O

O
g
O
g

Addressing modes of bit-manipulation instructions have been enhanced
A multiply-and-accumulate instruction has been added

Two-bit shift instructions have been added

Instructions for saving and restoring multiple registers have been added
A test and set instruction has been added

e Higher speed

O

2.2

Basic instructions execute twice as fast

CPU Operating Modes

The H85/2600 CPU has two operating modes: normal and advanced. Normal mode* supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not available in the H85/2633 Series.

Normal mode* Maximum 64 kbytes, program
and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode program and data areas
combined

Note: * Not available in the H8S/2633 Series.
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Figure2-1 CPU Operating Modes
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(1) Normal Mode (Not Availablein the H8S/2633 Series)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-hit segments of 32-hit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
genera register isreferenced in the register indirect addressing mode with pre-decrement (@-Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits (figure 2-2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002
H'0003
H'0004 | 1
H'0005 | _ (Reserved for system use)  --- )
H'0006 | I Exception

H'0007 vector table
H'0008
H'0009
H'000A
H'000B

- -- Power-on reset exception vector -- -

+-- Manual reset exception vector ---

Exception vector 1

Exception vector 2

O

Figure2-2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'0O0FF. Note
that this areais also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2-3. When EXR isinvalid, itis
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~| PC SP— EXR™!
(16 bits) *2 Reserved'1"3
(SP—) CCR
\/\ CCR™
- - - - PC -
(16 bits)
(@) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure2-3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is all ocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 2-4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved A
~ Power-on reset exception vector o
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008
71 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | O
HO0OOOOI0 | Reserved |
Exception vector 1 o

Figure2-4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is also the exception vector table.

55
RENESAS




Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2-5. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— EXR"1
sP—~| Reserved ‘2 Reserved*1"3
(SP—) CCR
PC
(24 bits) PC
(24 bits)
(@) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure2-5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2-6 shows a memory map of the H85/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in norma mode, and a maximum 16-Mbyte

(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'00FFFFFF
Data area
Cannot be
used by the
H8S/2633
Series
H'FFFFFFFF
(@) Normal Mode* (b) Advanced Mode
Note: * Not available in the H8S/2633 Series.
Figure2-6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hastheinternal registers shown in figure 2-7. There are two types of registers: genera
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR |T|=|—|—[[12li]i0]

76543210
ccr [ 1|ulH|u[N|z]v|c]

63 41 32
MAC Sign extension MACH
MACL

31 0
Legend
SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit
EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2633 Series.

Figure2-7 CPU Registers

58
RENESAS




242 General Registers

The CPU has eight 32-bit general registers. These genera registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-hit, or 8-hit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the |etters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers

* 32-bit registers  16-bit registers * 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure2-8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure2-9 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructionsis 2 bytes (one word), so the least significant
PC bit isignored. (When an instruction is fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): This 8-hit register contains the trace bit (T) and three
interrupt mask bits (12 to 10).

Bit 7—TraceBit (T): Selectstrace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: They areawaysread as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR): This 8-bit register containsinternal CPU status
information, including an interrupt mask bit (1) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masksinterrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisa carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

e Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, Instruction List.

Operations can be performed on the CCR hits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC): This 64-bit register stores the results of multiply-
and-accumul ate operations. It consists of two 32-bit registers denoted MACH and MACL. The
lower 10 bits of MACH are valid; the upper bits are a sign extension.

244 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bitin EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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25 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessingbitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data

251 General Register Data Formats

Figure 2-10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH ‘<O
7[6[s]4[3]2[1]o]  Dontcare
1-bit data kR ... """
| Dontcare  [7]6[5]4[3]2[1]0]
4-bit BCD data RnH 7 43 0
| Upper | Lower |  Dontcare
4-bit BCD data rRo 7 43 0
| Dontcare | Upper | Lower |
Byte data RnH 7 O
; | Don't care
MSB s T '
Byte data rRo.. 7 0
Don’t care |
T MSB LSB

Figure2-10 General Register Data For mats
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Data Type Register Number Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERN

31 16 15 0

MSB En Rn LSB

Legend

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2-10 General Register Data Formats (cont)
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252 Memory Data For mats

Figure 2-11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the addressis regarded as 0, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Data Format
Address /\/
0
1-bit data AddressL| 7|6 |54 (3|2 |1]|0
Byte data AddressL |MSB: @ : i . . ISB
Word data Address2M [MSB: ¢+ 1 1
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 1 1
Address2N+1| @ 1 1
Address 2N + 2
Address 2N + 3 fLSB

Figure2-11 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size
or longword size.
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2.6

26.1

Instruction Set

Overview

The H85/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2-1.

Table2-1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*!, PUSH** WL
LDM, STM L
MOVFPE*?, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

Notes:

66

B-byte size; W-word size; L-longword size.

*1 POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L

ERn, @-SP.
*2 Bcc is the general name for conditional branch instructions.
*3 Not available in the H8S/2633 Series.

*4 When using the TAS instruction, use register ERO, ER1, ER4, or ER5.
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26.2 Instructions and Addressing M odes

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU
can use.

Table2-2 Combinations of Instructions and Addressing M odes
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26.3 Table of Instructions Classified by Function

Table 2-3 summarizes the instructions in each functional category. The notation used in table 2-3

is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERN General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).

RENESAS
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Table 2-3

Instructions Classified by Function

Type Instruction Size**  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (Ead)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in the H8S/2633 Series.
MOVTPE B Cannot be used in the H8S/2633 Series.
POP WI/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH W/L Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.
LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
ST™M L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Arithmetic ADD B/W/L RdtRs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd*# MM+ C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd*1 - Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1only.)
ADDS L Rd+1 - Rd, Rd+2 -~ Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust -~ Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
70
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Type Instruction Size**  Function
Arithmetic MULXU B/W Rd xRs - Rd
operations Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 bits.
DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits - 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits - 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/L O0-Rd- Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU W/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by padding with zeros on the left.
EXTS Wi/L Rd (sign extension) —» Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by extending the sign bit.
TAS*? B @ERd -0, 1 - (<bit 7> of @Erd)
Tests memory contents, and sets the most significant bit
(bit 7) to 1.
MAC — (EAs) x (EAd) + MAC - MAC

Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:

16 bits x 16 bits + 32 bits — 32 bits, saturating

16 bits x 16 bits + 42 bits — 42 bits, non-saturating
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Type Instruction Size**  Function
Arithmetic CLRMAC — 0 -~ MAC
operations Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and a
multiply-accumulate register.
Logic AND B/W/L RdORs - Rd, RdO#MM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/IL - (Rd) - (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) — Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) -~ Rd
ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
Bit- BSET B 1 - (<bit-No.> of <EAd>)
manipulation Sets a specified bit in a general register or memory
instructions operand to 1. The bit number is specified by 3-hit
immediate data or the lower three bits of a general
register.
BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-hit
immediate data or the lower three bits of a general
register.
BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.
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Type Instruction Size*'  Function
Bit- BTST B = (<bit-No.> of <EAd>) - Z
manipulation Tests a specified bit in a general register or memory
instructions operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.
BAND B C 0 (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIAND B C O~ (<bit-No.> of <EAd>) - C
ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BOR B C O(<bit-No.> of <EAd>) -~ C
ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIOR B C O~ (<bhit-No.> of <EAd>) - C
ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.
BIXOR B C O = (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory
operand to the carry flag.
BILD B = (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size**  Function
Bit- BST B C - (<bit-No.> of <EAd>)
manipulation Transfers the carry flag value to a specified bit in a
instructions general register or memory operand.
BIST B - C - (<hit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High ciz=o0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set v=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONO V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.

System control TRAPA

instructions

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.
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Type Instruction

Size**

Function

System control LDC
instructions

B/W

(EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.

Block data EEPMOV.B
transfer
instruction

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ - @ER6+

R4L-1 - R4L
UntilR4L =0
else next;
if R4 # 0 then
Repeat @ER5+ - @ER6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

RA4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: *1 Size refers to the operand size.

B: Byte
W: Word
L: Longword

*2 When using the TAS instruction, use register ERO, ER1, ER4, or ERS5.
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2.6.4 Basic Instruction Formats

The H85/2633 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first 4 bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifiesagenera register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address Extension: Eight, 16, or 32 hits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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Figure 2-12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op n rm

(3) Operation field, register fields, and effective address extension

op m m

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

MOV.B @(d:16, Rn), Rm, etc.

BRA d:16, etc.

Figure2-12 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing Mode

The CPU supports the eight addressing modes listed in table 2-4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2-4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xX:8/#xX: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-hit
general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified
as 32-bit registers.

(2) Register Indirect—@ERnN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the addressis a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.
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(4) Register Indirect with Post-l1ncrement or Pre-Decrement—@ERN+ or @-ERn:

Register indirect with post-increment—@ERN+

Theregister field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. The result is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa: 16, @aa: 24, or @aa: 32: The instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bitslong (@aa:8), 16 bits
long (@aa:16), 24 bitslong (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are al assumed to be 0 (H'00).

Table 2-5 indicates the accessible absolute address ranges.

Table2-5 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode

Data address 8 bits (@aa:8) H'FF0O0 to H'FFFF H'FFFFO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Not available in the H8S/2633 Series.
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(6) Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate datain its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-hit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is—126 to +128 bytes (63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 0 to 255 (H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in
advanced mode). In normal mode* the memory operand is aword operand and the branch address
is 16 bitslong. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2633 Series.
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\_/_\ \_/_\

Specified — Specified —~ Reserved
by @aa8 | Branch address  ---- by @aa:8

\_/\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2633 Series.

Figure2-13 Branch Address Specification in Memory Indirect M ode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as O, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

27.2 Effective Address Calculation

Table 2-6 indicates how effective addresses are calculated in each addressing mode. In normal
mode* the upper 8 hits of the effective address are ignored in order to generate a 16-bit address.

Note: * Not available in the H8S/2633 Series.
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Table2-6 Effective Address Calculation
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2.8 Processing States

28.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-rel eased state, and power-down state. Figure 2-14 shows a diagram of the
processing states. Figure 2-15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Software standby

Power-down state
mode

CPU operation is stopped
to conserve power.*

Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.

Figure2-14 Processing States
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End of bus request

Bus request

instruction
with
SSBY =1

Software standby mode

MRES= High RES= High : :
e STBY=High, RES= Low

! Manual reset state *1 Power-on reset state *1 ; Hardware standby mode*2 3

Reset state *1 i ' '
| . I ' Power-down state*3 i

Notes: *1 From any state except hardware standby mode, a transition to the power-on reset state occurs whenever RES
goes low. From any state except hardware standby mode and power-on reset mode, a transition to the manual
reset state occurs whenever MRES goes low. A transition can also be made to the reset state when the
watchdog timer overflows.

*2 From any state, a transition to hardware standby mode occurs when STBY goes low.
*3 Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 24, Power-Down States.

Figure2-15 State Transitions

2.8.2 Reset State

The CPU enters the reset state when the RES pin goes low, or when the MRES pin goes low while
manual resets are enabled by the MRESE hit. In the reset state, currently executing processing is
halted and all interrupts are disabled.

For details of MRESE hit setting, see section 3.2.2, System Control Register (SY SCR).
Reset exception handling starts when the RES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see section
15, Watchdog Timer.

Note: * MRES pinin the case of a manual reset.
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283

Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2-7
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2-7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence** exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*” current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when

1 is executed atrap (TRAPA) instruction is
Low executed*?

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception-handling is not

executed at the end of the RTE instruction.

*2 Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

*3 Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES pin goes high
again, reset exception handling starts. After the reset state has been entered by driving the MRES
pin low while manual resets are enabled by the MRESE bit, reset exception handling starts when
MRES pin is driven high again. The CPU enters the power-on reset state when the RES pin islow,
and enters the manual reset state when the MRES pin islow. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NM1, are disabled during reset exception
handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
isset to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace modeis not entered in interrupt control mode O, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2-16 shows the stack after exception handling ends.
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Normal mode™2

Sp— CCR
CCR™!

PC
(16 bits)

w

(a) Interrupt control mode 0

Advanced mode

SP— CCR

- _ PC I
(24 bits)

w

(c) Interrupt control mode 0

Notes: *1 Ignored when returning.
*2 Not available in the H8S/2633 Series.

SP—

sp—

w

EXR
Reserved"!

CCR

CCR'1

PC
(16 bits)

w

(b) Interrupt control mode 2

J\

EXR
Reserved*!
CCR

- - PC R
(24 bits)

w

(d) Interrupt control mode 2

Figure2-16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts operations.

Bus masters other than the CPU are DMA controller (DMAC)* and data transfer controller
(DTC)*.

For further details, refer to section 7, Bus Controller.

Note: * DMAC and DTC functions are not available in the H85/2695.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode*?, and watch mode**. There are
also three other power-down modes: medium-speed mode, module stop mode, and subactive
mode* . In medium-speed mode the CPU and other bus masters operate on a medium-speed clock.
Module stop mode permits halting of the operation of individual modules, other than the CPU.
Subactive mode**, subsleep mode**, and watch mode** are power-down states using subclock
input. For details, refer to section 24, Power-Down Modes.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBY CR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SL EEP instruction. The contents of
CPU registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY hit in SBYCR isset to 1, the LSON bit in LPWRCR is set
to 0, and the PSS hit in TCSR (WDT1)*?2 is set to 0. In software standby mode, the CPU and
clock halt and all MCU operations stop. Aslong as a specified voltage is supplied, the contents of
CPU registers and on-chip RAM areretained. The I/O ports also remain in thelir existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but aslong as a specified voltage is supplied, on-chip
RAM contents are retained.

Notes: *1 Thisfunction isnot available in the H8S/2695.
*2 WDT1 is not available in the H8S/2695.
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2.9 Basic Timing

29.1 Overview

The H85/2600 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of gto the next isreferred to as a"state." The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2-17 shows the on-chip memory access cycle. Figure 2-18 shows
the pin states.

Internal address bus X Address X
Read Internal read signal A\ i/
ea w !
access 1
Internal data bus : ( Read data >—
Internal write signal A\ /
Write | |
access 1 ‘
Internal data bus (_ Writedata }——

Figure2-17 On-Chip Memory Access Cycle
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| Bus cycle |
| T1 |
i S EE—

92

Address bus Unchanged

AS High

RD High

HWR, LWR High

Data bus 3High-impedance statei

Figure2-18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 2-19 shows the
access timing for the on-chip supporting modules. Figure 2-20 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal N\ /

Read

access ! / \
Internal data bus : \ Read data >—
Internal write signal : \ /

Write |

access i f 3
Internal data bus 1 < Write data >—

Figure2-19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchgnged |
AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance state

Figure2-20 Pin Statesduring On-Chip Supporting M odule Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7, Bus Controller.

210 Usage Note

2.10.1 TASInstruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4, or
ERS5 is used.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

The H85/2633 Series has four operating modes (modes 4 to 7). These modes enable selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD2 to MDO).

Table 3-1 lists the MCU operating modes.

Table3-1 MCU Operating Mode Selection

MCU CPU External Data Bus

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0 0 0 — — — —

1* 1

2% 1 0

3* 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
expanded mode

5 8 bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 hits 16 bits
expanded mode

7 1 Single-chip mode —

Note: * Not available in the H8S/2633 Series.

The CPU’ s architecture allows for 4 Gbytes of address space, but the H8S/2633 Series actually
accesses a maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-hit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-bit
accessis selected for al areas, 8-bit bus modeis set.

Note that the functions of each pin depend on the operating mode.
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The H85/2633 Series can be used only in modes 4 to 7. This means that the mode pins must be set
to select one of these modes. Do not change the inputs at the mode pins during operation.

312 Register Configuration

The H85/2633 Series has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD2 to MDO), and a system control register (SY SCR) that controls the operation of the
H8S/2633 Series. Table 3-2 summarizes these registers.

Table3-2 MCU Registers

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R/W Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'0OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Moaode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value : 1 0 0 0 0 —* —* —*

R/W : R/W — — — — R R R

Note: * Determined by pins MD2 to MDO.
MDCR is an 8-hit register that indicates the current operating mode of the H8S/2633 Series.
Bit 7—Reserved: Only 1 should be written to this bit.
Bits 6 to 3—Reserved: These bits aways read as 0 and cannot be modified.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bits indicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO0 correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD2 to MDO) input
levels are latched into these bits when MDCR is read. These latches are cancelled by a power-on
reset, but maintained by a manual reset.
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322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG | MRESE — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable-writable register that selects saturating or non-saturating calculation
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMI,
enables or disables MRES pin input, and enables or disables on-chip RAM.

SYSCRisinitialized to H'01 by a power-on reset and in hardware standby mode. MACS, INTM1,
INTMO, NMIEG, and RAME bits areinitialized in manual reset mode, but the MRESE bit is not
initialized. SY SCR is not initialized in software standby mode.

Bit 7—MAC Saturation (MACYS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7

MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)
1 Saturating calculation for MAC instruction

Bit 6—Reserved: This bit aways read as 0 and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO0): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NMI Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

WDescription

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2—Manual Reset Selection Bit (MRESE): Enables or disables manual reset input. It is
possible to set the P74/TMO02/MRES pin to the manual reset input (MRES).

Table 3-3 shows the relationship between the MRES pin power-on reset and manual reset.

Bit 2
WDescription
0 Disables manual reset.
Possible to use P74/TM02*/MRES pin as P74/TM02* input pin. (Initial value)
1 Enables manual reset.

Possible to use P74/TM02*/MRES pin as MRES input pin.
Note: * This function is not available in the H8S/2695.

Table3-3 Relationship Between Power-On Reset and Manual Reset

Pin
RES MRES Reset Type
0 * Power-on reset (Initial state)
1 0 Manual reset
1 1 Operation state

*: Don’t care

Bit 1—Reserved: This bit always read as 0 and cannot be modified.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset statusis released. It is not initialized in software standby mode.

Bit 0

WDescription

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC* is used, the RAME bit must be set to 1.
* The DTC function is not available in the H8S/2695.
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323 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
CSS07 | CSS36 | BUZZE | LCASS AE3 AE2 AE1l AEOQ

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writable register that carries out CS selection control for PG4 and PG1
pins, LCAS selection control for PF2 and PF6 pins, and address output control during extension
modes with ROM.

PFCR isinitialized by H'0OD/H'00 by a power-on reset or a hardware standby mode. The
immediately previous state is maintained in manual reset or software standby mode.

Bit 7—CS0/CS7 Select (CSS07): Selects the CS output content for PG4 pin. In modes 4 to 6, the
selected CSis output by setting the corresponding DDR to 1.

Bit 7

CSso07 Description

0 Select CSO (Initial value)
1 Select CS7

Bit 6—CS3/CS6 Select (CSS36): Selects the CS output content for PG1 pin. In modes 4 to 6, the
selected CSis output by setting the corresponding DDR to 1.

Bit 6

CSS36 Description

0 Select CS3 (Initial value)
1 Select CS6
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Bit 5—BUZZ Output Enable (BUZZE)*: Disablesenables BUZZ output of PF1 pin. Input
clock of WDT1 selected by PSS, CKS2 to CKS0 bitsis output asaBUZZ signal.

Bit 5

BUTDescription

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Note: * This function is not available in the H8S/2695. This bit should not be set to 1.

Bit 4—L CAS Output Pin Selection Bit (LCASS)*: Selectsthe LCAS signal output pin.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial value)
1 Outputs LCAS signal from PF6

Note: * This function is not available in the H8S/2695. This bit should not be set to 1.

Bits 3to 0—Address Output Enable 3to 0 (AE3-AEQ): These hits select enabling or disabling
of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When apinis
enabled for address output, the address is output regardless of the corresponding DDR setting.
When apinisdisabled for address output, it becomes an output port when the corresponding DDR
bitisset to 1.
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Bit3 Bit2 Bitl BitO
AE3 AE2 AE1l AEO Description
0 0 0 0 A8—-A23 address output disabled (Initial value*)
1 A8 address output enabled; A9—-A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A1l11l address output enabled; A12—A23 address output
disabled
1 A8-A12 address output enabled; A13—-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-Al14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17—-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20—A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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3.3 Operating Mode Descriptions

331 Mode 4

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

Theinitial bus mode after areset is 16 bits, with 16-bit accessto all areas. However, note that if 8-
bit accessis designated by the bus controller for all areas, the bus mode switchesto 8 bits.

332 Mode5

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes adata bus.

333 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports 1, A, B, and C, function as input port pinsimmediately after areset. Address output can be
performed by setting the corresponding DDR (data direction register) bitsto 1.

Port D function as a data bus, and part of port F carries data bus signals.

Theinitial bus mode after areset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes adata bus.

334 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3-3 shows their
functionsin each operating mode.

Table3-3 Pin Functionsin Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port 1 P1, P/A* P/A* P*/A P
P1, to P1, P*/A P*/A P*/A P
Port A PA, to PA, A A P* /A P
Port B A A P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF, pP/C* P/C* p/C* P*/C
PF, to PF, C C C P
PF, P/C* P*/C P*IC
PF, to PF, P*/C P*/C P*/C
Port G PG, C C P*/C
PG, to PG, P*/C P*/C P*/C
Legend
P: 1/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I/O
*: After reset

35 Address Map in Each Operating Mode

An address map of the H85/2633, H8S/2633R are shown in figure 3.1, and an address map of the
H8S/2632 in figure 3-2, and an address map of the H85/2631 in figure 3-3, and an address map of
the H8S/2695 in figure 3-4.

The address space is 16 Mbytesin modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'03FFFF
N NN H'040000Vﬂ External address _| .
N space
H'FFB0O00 H'FFB000 H'FFB000
On-chip RAM*1 On-chip RAM*1 On-chip RAM

H'FFEFBF

H'FFEFCO HFFEFCO

External area External area
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers*2 Internal I/O registers*2 Internal I/O registers*2

H'FFFF3F

H'FFFF40 H'FFFF40

External area External area
H'FFFF60 ] H'FFFF60 , H'FFFF60 .
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFFCO o 1 H'FFFFCO o o H'FFFFCO o
H'EEFEEF On-chip RAM HEEFEEF On-chip RAM H'EEEEEE On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3-1 Memory Map in Each Operating Mode in the H8S/2633, H8S/2633R
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(advanced expanded modes
with on-chip ROM disabled)

Modes 4 and 5

Mode 6

(advanced expanded mode

with

on-chip ROM enabled)

H'000000 H'000000
On-chip ROM
External address
space
H'030000
Reserved area
N | H040000 | External address |
T N N space
HFFBO00 | Reserved area HFFBO00 | Reserved area
H'FFCO000 H'FFCO000
On-chip RAM*1 On-chip RAM*1
H'FFEFCO H'FFEFCO
External area External area
H'FFF800 H'FFF800
Internal 1/O registers*2 Internal I/O registers*2
H'FFFF40 H'FFFF40
External area External area
H'FFFF60 _ H'FFFF60 .
Internal I/O registers Internal 1/O registers
H'FFFFCO o " H'FFFFCO o o
H'EEFEEF On-chip RAM HEEFEFE On-chip RAM

Mode 7

(advanced single-chip mode)

H'000000

H'02FFFF

H'FFC000

H'FFEFBF

H'FFF800

HFFFF3F

H'FFFF60

H'FFFFCO
H'FFFFFF

On-chip ROM

On-chip RAM

Internal 1/O registers*2

Internal 1/O registers

On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3-2 Memory Map in Each Operating Modein the H85/2632
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Modes 4 and 5 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'020000 H'01FFFF
External address
space
Reserved area
4 | H040000 | External address |
T T T space T
H'FFBO00 | Reserved area HFFBO00 | Reserved area
H'FFD000 H'FFD000 H'FFDO00
On-chip RAM*1 On-chip RAM*1 On-chip RAM
H'FFEFBF
HFFEFCO External area HFFEFCO External area
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers*2 Internal I/O registers*2 Internal I/O registers*2
H'FFFF3F
H'FFFF40 H'FFFF40
External area External area
H'FFFF60 . H'FFFF60 . H'FFFF60 _
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFFCO e 1 H'FFFFCO e 1 H'FFFFCO e
HFEFEEF On-chip RAM HEEFEFE On-chip RAM H'EEEEEE On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3-3 Memory Map in Each Operating Modein the H85/2631
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(advanced expanded modes
with on-chip ROM disabled)

Modes 4 and 5

Mode 6

(advanced expanded mode

with

on-chip ROM enabled)

H'000000 H'000000
On-chip ROM
External address
space
H'030000
Reserved area
N | H040000 | External address |
T N N space
HFFBO00 | Reserved area HFFBO00 | Reserved area
H'FFD000 H'FFD000
On-chip RAM*1 On-chip RAM*1
H'FFEFCO H'FFEFCO
External area External area
H'FFF800 H'FFF800
Internal 1/O registers*2 Internal I/O registers*2
H'FFFF40 H'FFFF40
External area External area
H'FFFF60 _ H'FFFF60 .
Internal I/O registers Internal 1/O registers
H'FFFFCO o " H'FFFFCO o o
H'EEFEEF On-chip RAM HEEFEFE On-chip RAM

Mode 7

(advanced single-chip mode)

H'000000

H'02FFFF

H'FFDO000

H'FFEFBF

H'FFF800

HFFFF3F

H'FFFF60

H'FFFFCO
H'FFFFFF

On-chip ROM

On-chip RAM

Internal 1/O registers*2

Internal 1/O registers

On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3-4 Memory Map in Each Operating Modein the H85/2695
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, direct transition, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 4-1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Trap
instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Table4-1 Exception Typesand Priority

Priority = Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin or MRES pin, or when the watchdog overflows. The

CPU enters the power-on reset state when the RES pin is
low, and the manual reset state when the MRES pin is low

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit is setto 1
Direct transition Starts when a direct transition occurs due to execution of a
SLEEP instruction
Interrupt Starts when execution of the current instruction or exception
1 4 handling ends, if an interrupt request has been issued*?
Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
*2 Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

*3 Trap instruction exception handling requests are accepted at all times in program
execution state.
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412 Exception Handling Oper ation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to O.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

413 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are
assigned to different exception sources.

Table 4-2 lists the exception sources and their vector addresses.

Power-on reset

Reset
Manual reset
Trace
Exception
sources External interrupts: NMI, IRQ7 to IRQO
Interrupts . . .
P Internal interrupts: 72 interrupt sources in
on-chip supporting modules

Trap instruction

Figure4-1 Exception Sources
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Table4-2  Exception Vector Table

Exception Source

Vector Number

Vector Address**

Advanced Mode

Power-on reset 0 H'0000 to H'0003
Manual reset** 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'O00F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063

g u
127 H'01FC to H'O1FF

Notes: *1 Lower 16 bits of the address.
*2 For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling

Vector Table.

*3 See section 24.11, Direct Transitions, for details on direct transitions.
This function is not available in the H8S/2695.
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4.2 Reset

421 Overview

A reset has the highest exception handling priority. There are two kinds of reset: a power-on reset
executed viathe RES pin, and a manual reset executed viathe MRES pin.

When the RES or MRES pin* goeslow, currently executing processing is halted and the chip
entersthe reset state. A reset initializes the internal state of the CPU and the registers of on-chip
supporting modules. Immediately after areset, interrupt control mode O is set.

Reset exception handling starts when the RES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see
section 15, Watchdog Timer.

Note: * MRES pin in the case of amanual reset.

422 Types of Reset

There are two types of reset: power-on reset and manual reset.
Table 4-3 shows the types of reset. When turning power on, do so as a power-on reset.

Both power-on reset and manual reset initialize the internal state of the CPU. In a power-on reset,
all of the registers of the built-in vicinity modules are initialized, while in amanual reset, the
registers of the built-in vicinity models except for bus controllers and 1/O ports areinitialized. The
states of the bus controllers and /O ports are maintained.

During amanual reset built-in vicinity modules are initialized, and ports used as input pins for
built-in vicinity modules switch to the input ports controlled by DDR and DR.

If using manual reset, set the MRESE bit to 1 beforehand, thereby enabling manual resets.
See section 3.2.2, System Control Register (SY SCR) for settings of the MRESE bit.

There are also power-on resets and manual resets as the two types of reset carried out by the
watchdog timer.
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Table4-3 Typesof Reset

Type Conditions for
Transition to Reset Internal State
MRES RES CPU Built-in vicinity module
Power-on reset * Low Initialization Initialization
Manual reset Low High Initialization Initialization except for bus controller and 1/O

port

*: Don't Care

423 Reset Sequence
This LSl entersreset state when the RES pin or MRES pin goes low.

To ensure that this LSl isreset, hold the RES pin or the MRES pin low for at least 20 ms at power-
up. To reset during operation, hold the RES pin or the MRES pin low for at least 20 states.

When the RES pin or the MRES pin goes high after being held low for the necessary time, this
LSl startsreset exception handling as follows.

1. Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bit is cleared to 0 in EXR, and the | bit isset to 1 in EXR and CCR.

2. The reset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4-2 and 4-3 show examples of the reset sequence.
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Vector Internal Prefetch of first program
fetch processing  instruction

RES, MRES /

Address bus

D15 to DO

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000*,
(3) = H'000002; when manual reset, (1)= H'000004, (3)= H'000006)

(2) (4) start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4-2 Reset Sequence (Modes 4 and 5)
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Prefetch of
Vector Internal  first program
fetch processing instruction

N}

ns]
m
(2]
=
]
m
[]

Internal >< (1) >< (3)3 >< (©) ><:

address bus

Internal read
signal

Internal write | | | |
signal ! ! ! !

| | | | |

| |
Internal data ‘ @ m ‘ m
bus ! ! !

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000,
(3) = H'000002)

(2) (4) sStart address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure4-3 Reset Sequence (Modes 6 and 7)

424 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
always executed immediately after the reset state ends, make sure that thisinstruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

425 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA to MSTPCRC areinitialized to H'3F, H'FF, and H'FF, respectively,
and all modules except the DMAC* and DTC*, enter module stop mode. Consequently, on-chip
supporting module registers cannot be read or written to. Register reading and writing is enabled
when module stop mode is exited.

Note: * DMAC and DTC functions are not available in the H8S/2695.
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4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4-4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4-4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1. Settol

0: Clearedto 0
—: Retains value prior to execution
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4.4 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
72 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-hit timer-pulse unit (TPU), 8-bit timer*, serial communication interface (SCI), data transfer
controller (DTC)*, DMA controller (DMAC)*, PC break controller (PBC)*, A/D converter, and
I°C businterface (11C)*. Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

Note: * Thisfunction is not available in the H8S/2695.

NMI (1)
External
interrupts IRQ7 to IRQO (8)

WDT*1 (2)

Refresh timer*2 "3 (1)
TPU (26)

8-bit timer"3 (12)
Internal SCI (20)

interrupts DTC*3 (1)

DMAC™3 (4)

PBC™3 (1)

A/D converter (1)
[IC*3 (4) (Option)

Interrupts

Notes: Numbers in parentheses are the numbers of interrupt sources.
*1 When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
*2 When refresh timer is used as an interval time, an interrupt request
is generated by compare match.
*3 This function is not available in the H8S/2695.

Figure4-4 Interrupt Sourcesand Number of Interrupts

117
RENESAS




4.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4-5 shows the status of CCR and EXR after execution of trap instruction exception
handling.

Table4-5 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1: Settol

0: Clearedto 0
—: Retains value prior to execution
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4.6 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\_/\ \_/\
SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
.. PCc PC
(16 bits) (16 bits)
\_/\ \_/\
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4-5(1) Stack Statusafter Exception Handling (Normal Modes: Not Availablein the
HB8S/2633 Series)

\/—\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC -------- F------- PC ---------
,,,,,,,, (24bits) -~ L _.__(24bits)._______]

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4-5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2633 Series assumes that the lowest address
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSHW Ri  (or MV.WR1, @SP)
PUSHL ER1 (or MV.L ERn, @SP)

Use the following instructions to restore registers:

PCP. W Rn (or MOV. W @P+, Rn)
PCP. L ERM  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP value is odd.

CCR SP-» R1L H'FFFEFA
SP - H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
SPw| 1 1 [
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
— —

SP set to H'FFFEFF  Data saved above SP Contents of CCR lost

Legend CCR: Condition code register
PC. Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode
is 0, in advanced mode.

Figure4-6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2633 Series controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR)

Priorities settable with IPR

O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI

O NMI isassigned the highest priority level of 8, and can be accepted at al times

Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine

Nine externa interrupts
O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO

DTC* and DMAC* control
00 DTCand DMAC activation is performed by means of interrupts

Note: * This function is not available in the H8S/2695.
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512 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5-1.

CPU

| EXR

| INTM1, INTMO
SYSCR|
NMIEG ¢ L
NMI input = NMI input unit - Interrupt
request
IRQinput ————f IRQinputunit \—— Vector
ISR
number
ISCR ﬁ Priority
determination
. |
Internal interrupt
request 12t0 10
SWDTEND to
TEI4
Interrupt controller
Legend
ISCR :IRQ sense control register
IER : IRQ enable register
ISR : IRQ status register
IPR : Interrupt priority register

SYSCR : System control register

Figure5-1 Block Diagram of Interrupt Controller
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513 Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table5-1 Interrupt Controller Pins

Name

Symbol

110 Function

Nonmaskable interrupt

Input Nonmaskable external interrupt; rising or

falling edge can be selected

External interrupt
requests 7to 0

IRQ7 to IRQO Input

Maskable external interrupts; rising, falling, or

both edges, or level sensing, can be selected

514 Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address*!
System control register SYSCR R/W H'01 H'FDE5
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR R/(W)*? H'00 H'FE15
Interrupt priority register A IPRA R/W H'77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H'77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H'77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register | IPRI R/W H'77 H'FEC8
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register L IPRL R/W H'77 H'FECB
Interrupt priority register O IPRO R/W H'77 H'FECE
Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG | MRESE — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-hit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only hits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCRiisinitialized to H'01 by a power-on reset, manual reset, and in hardware standby mode.
SYSCR isnot initialized in software standby mode.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode  Description
0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited
1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522

Bit

Initial value :
R/W

Interrupt Priority RegistersAtoL, O (IPRA toIPRL, IPRO)

7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
0 1 1 1 0 1 1 1

R/W R/W R/W

R/W R/W R/W

The IPR registers are thirteen 8-bit readabl e/writable registers that set priorities (levels 7 to 0) for

interrupts other than NMI.

The correspondence between IPR settings and interrupt sources is shown in table 5-3.

The IPR registers set apriority (level 7 to ) for each interrupt source other than NMI.

The IPR registers are initialized to H'77 by areset and in hardware standby mode.

Bits 7 and 3—Reserved: These bits are always read as 0 and cannot be modified.

Table5-3 Correspondence between Interrupt Sourcesand | PR Settings
Bits

Register 6to 4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC*

IRQ7
IPRD Watchdog timer O Refresh timer
IPRE PC break* A/D converter, watchdog timer 1*
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0* 8-bit timer channel 1*
IPRJ DMAC SCI channel 0
IPRK SClI channel 1 SCI channel 2
IPRL 8-bit timer 2, 3* IIC (Option)*
IPRO SClI channel 3 SClI channel 4

Note: * This function is not available in the H8S/2695.
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Asshown in table 5-3, multiple interrupts are assigned to one IPR. Setting avalue in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, isassigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the PR registersis selected. Thisinterrupt level isthen compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request isissued to
the CPU.

523  IRQ EnableRegister (IER)

Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These hits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description

0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled

(n=71t00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH

Bit : 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQBSCB | IRQBSCA | IRQ5SCB |IRQ5SCA | IRQ4SCB | IRQ4SCA

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ISCRL

Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB [ IRQ1SCA | IRQOSCB | IRQOSCA

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 15to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15to 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
1 Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input
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525 IRQ Status Register (1SR)

Bit 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQLF | IRQOF

Initial value : 0 0 0 0 0 0 0 0

RIW RIW)*  RIW)*  RIW)*  RIW)* RIW)* RI(W)* RI(W)* R/I(W)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-hit readabl e/writable register that indicates the status of IRQ7 to IRQO interrupt

requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.

They are not initialized in software standby mode.

Bits 7to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These hitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n

IRQnF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnF flag

When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQnNSCB =1 or IRQNSCA = 1)

When the DTC* is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC* is cleared to O

1 [Setting conditions]

When TRQn input goes low when low-level detection is set (IRQNSCB = IRQnSCA =
0)

When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA =1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=71to00)

Note: * The DTC function is not available in the H8S/2695.
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (72
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ7 to IRQO can
be used to restore the H8S/2633 Series from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

» Using ISCR, itis possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

» Theinterrupt priority level can be set with IPR.

» The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to O
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5-2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

Edgel/level s D—» IRQn interrupt
[> detection circuit Q request

TRQn input r R

Clear signal

Note: n: 7to 0

Figure5-2 Block Diagram of InterruptsIRQ7 to IRQO
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Figure 5-3 shows the timing of setting IRQNF.

IRQN
input pin \

IRQNF

Figure5-3 Timing of Setting IRQNF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

532 Internal Interrupts
There are 72** sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are setto 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.

» Theinterrupt priority level can be set by means of IPR.

+ TheDMAC*2 and DTC*2 can be activated by a TPU, 8-bit timer*2, SCI, or other interrupt
request. When the DMAC*? and DTC*?2 are activated by an interrupt, the interrupt control
mode and interrupt mask bits are not affected.

Notes: *1 The H85/2695 has 54 sources for internal interrupts from on-chip supporting modules.
*2 Thisfunction is not available in the H8S/2695.
533 Interrupt Exception Handling Vector Table

Tables 5-4(a) and 5-4(b) show interrupt exception handling sources, vector addresses, and
interrupt priorities. For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within amodule, are fixed as shown in
table 5-4.
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Table5-4(a) Interrupt Sources, Vector Addresses, and Interrupt Priorities
(H85/2633, H85/2632, H85/2631, H8S/2633R)

Vector
Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAGt04 A
IRQ1 17 H'0044 IPRA2 to 0
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIOQ (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2 to O
PC break PC break 27 H'006C IPRES6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 0
WOVI1 (interval timer) Watchdog 29 H'0074
timer 1
Reserved — 30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C Low
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Vector

Origin of Address*
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00AO0 IPRF2to 0  High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00D0
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGRA4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'O0E4
capture/compare match)
TCIl4V (overflow 4) 58 H'0O0E8
TCl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'O0F8 Y
TCI5U (underflow 5) 63 H'00FC Low
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Vector

Origin of Address*
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
CMIAO (compare match AQ) 8-bit timer 64 H'0100 IPRI6to4  High
CMIBO (compare match BO) channel0 65 H'0104 A
OVIO (overflow 0) 66 H'0108
Reserved — 67 H'010C
CMIA1 (compare match Al) 8-bit timer 68 H'0110 IPRI2t0 O
CMIB1 (compare match B1) channell 69 H'0114
OVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DEDOA (channel O/channel 0A DMAC 72 H'0120 IPRJ6 to 4
transfer end)
DENDOB (channel 0B transfer end) 73 H'0124
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer end) 75 H'012C
Reserved — 76 H'0130

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 O
RXI0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2t0 0
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168 4
TEI2 (transmission end 2) 91 H'016C Low
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Vector

Origin of Address*
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
CMIAO (compare match A2) 8 bittimer 92 H'0170 IPRL6to 4 High
CMIBO (compare match B2) channel2 93 H'0174 A
OVIO0 (overflow 2) 94 H'0178
Reserved — 95 H'017C
CMIA1 (compare match A3) 8 bit timer 96 H'0180
CMIB1 (compare match B3) channel3 97 H'0184
OVI1 (overflow 3) 98 H'0188
Reserved — 99 H'018C
[ICIO (1 byte transmission/reception 1IC channel 100 H'0190 IPRL2t0 0
completed) 0 (optional)
DDCSW1 (format switch) 101 H'0194
[ICI1 (1 byte transmission/reception 1IC channel 102 H'0198
completed) 1 (optional)
Reserved 103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4

105 H'01A4

106 H'01A8

107 H'01AC
Reserved — 108 H'01BO IPRM2to O

109 H'01B4

110 H'01B8

111 H'01BC
Reserved — 112 H'01CO IPRNG6 to 4

113 H'01C4

114 H'01C8

115 H'01CC
Reserved — 116 H'01D0 IPRN2to O

117 H'01D4

118 H'01D8

119 H'01DC
ERI3 (reception error 3) SCI 120 H'01EO IPROG6 to 4
RXI3 (reception completed 3) channel3 121 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SCI 124 H'01FO0 IPRO21t0 0
RXI4 (reception completed 4) channel 4 125 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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Table5-4(b) Interrupt Sources, Vector Addresses, and Interrupt Priorities (H85/2695)

Vector
Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAGto4 A
IRQ1 17 H'0044 IPRA2 to 0
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
Reserved — 24 H'0060 IPRC2t0 0
WOVIOQ (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2to O
27 H'006C IPREG6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 0
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098 v
39 H'009C Low
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Vector

Origin of Address*
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00AO0 IPRF2to 0  High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00D0
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGRA4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'O0E4
capture/compare match)
TCIl4V (overflow 4) 58 H'0O0E8
TCl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'O0F8 Y
TCI5U (underflow 5) 63 H'00FC Low
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Vector

Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
Reserved — 64 H'0100 IPRI6to4  High
65 H'0104 A
66 H'0108
67 H'010C
Reserved — 68 H'0110 IPRI2t0 O
69 H'0114
70 H'0118
71 H'011C
Reserved — 72 H'0120 IPRJ6 to 4
73 H'0124
74 H'0128
75 H'012C
76 H'0130
77 H'0134
78 H'0138
79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ21t0 0
RXI0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to O
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
Reserved — 92 H'0170 IPRL6 to 4
93 H'0174
94 H'0178
95 H'017C
96 H'0180
97 H'0184
98 H'0188 \4
99 H'018C Low
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Vector

Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
Reserved — 100 H'0190 IPRL2to O  High
101 H'0194 A
102 H'0198
103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4
105 H'01A4
106 H'01A8
107 H'01AC
Reserved — 108 H'01BO IPRM2 to O
109 H'01B4
110 H'01B8
111 H'01BC
Reserved — 112 H'01CO IPRNG6 to 4
113 H'01C4
114 H'01C8
115 H'01CC
Reserved — 116 H'01D0 IPRN2to O
117 H'01D4
118 H'01D8
119 H'01DC
ERI3 (reception error 3) SCI 120 H'01EO IPROG6 to 4
RXI3 (reception completed 3) channel3 121 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SCI 124 H'01FO0 IPRO21t0 0
RXI14 (reception completed 4) channel 4 125 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8 Y
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the H8S/2633 Series differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5-5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in IPR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR, and hits12to 10 in EXR.

Table5-5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

.

Interrupt
acceptance
control

Default priority

Interrupt source — N
determination

> Vector number

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
Ininterrupt control mode O, interrupt acceptance is controlled by the | bit in CCR.
Table 5-6 shows the interrupts selected in each interrupt control mode.
Table5-6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend

* . Don't care

140
RENESAS



(2) 8-Level Control

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table5-7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10)

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same value is set for IPR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5-8 shows operations and control signal functions in each interrupt control mode.
Table5-8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance

Interrupt .

Control Setting Control 8-Level Control Default Priority T
Mode INTM1 INTMO | 12to 10 IPR  Determination (Trace)
0 0 0 O IM X — —*2 0 —

2 1 0 X —x1 O M PR O T
Legend

O ! Interrupt operation control performed
X : No operation (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority
— : Not used
Notes: *1 Setto 1 when interrupt is accepted.
*2 Keep the initial setting.
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54.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the
bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, thel bitin CCR isset to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Figure5-5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 0
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting modul e interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5-6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] TheT bitin EXR iscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Figure5-6 Flowchart of Procedure Up to Interrupt Acceptancein
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Interrupt Exception Handling Sequence

54.4

Figure 5-7 shows the interrupt exception handling sequence. The example shown isfor the case

where interrupt control mode O is set in advanced mode, and the program area and stack area are

in on-chip memory.
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Figure5-7 Interrupt Exception Handling
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545 Interrupt Response Times

The H85/2633 Series is capable of fast word transfer instruction to on-chip memory, and the
program areais provided in on-chip ROM and the stack areain on-chip RAM, enabling high-
speed processing.

Table 5-9 shows interrupt response times - the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The execution status
symbols used in table 5-9 are explained in table 5-10.

Table59 Interrupt Response Times

Normal Mode*® Advanced Mode

No. Execution Status INTM1=0 |INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination** 3 3 3 3

Number of wait states until executing 1 to 1to 1to 1to

instruction ends*? (19+2-S) (19+2-S) (29+2-S) (19+2:S)
3 PC, CCR, EXR stack save 2:S, 3:S, 2:S 3:S¢
4 Vector fetch S S 2:S, 2:S,
5 Instruction fetch** 2:S, 2:S, 2:S, 2:S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12 to 32 13to 33

Notes: *1 Two states in case of internal interrupt.
*2 Refers to MULXS and DIVXS instructions.
*3 Prefetch after interrupt acceptance and interrupt handling routine prefetch.
*4 Internal processing after interrupt acceptance and internal processing after vector fetch.
*5 Not available in the H8S/2633 Series.
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Table5-10 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus

Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy
Legend
m : Number of wait states in an external device access.

55 Usage Notes

551 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if aninterrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if thereis an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5-8 shows an example in which the CMIEA bit inthe TMR's TCR register is cleared to O.
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TCR write cycle by CPU CMIA exception handling
-y—————————————————————————p———-y—————————————————————

address bus

Internal
write signal

CMIEA

Internal >< TCR address X

CMFA

CMIA
interrupt signal

Figure5-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

552 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NM1 are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

55.3 Timeswhen Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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554 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
caseis the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

5.6 DTC and DMAC Activation by Interrupt
(DMAC and DTC functions are not available in the H8S/2695)

5.6.1 Overview

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
avallable:

e Interrupt request to CPU

» Activation request to DTC

« Activation request to DMAC

» Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC and DMAC, see
section 9, Data Transfer Controller (DTC) and section 8, DMA Controller (DMAC).

5.6.2 Block Diagram

Figure 5-9 shows a block diagram of the DTC and DMAC interrupt controller.
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DMAC*

Note: * This function is not available in the H8S/2695.
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Figure5-9 Interrupt Control for DTC* and DMAC*

5.6.3 Operation (DMAC and DTC functions are not available in the H8S/2695)

Theinterrupt controller has three main functionsin DTC and DMAC control.

(1) Selection of Interrupt Source: DMAC inputs activation factor directly to each channel. The
activation factors for each channel of DMAC are selected by DTF3 to DTFO bits of DMACR. The
DTA bit of DMABCR can be used to select whether the selected activation factors are managed

by DMAC. By setting the DTA bit to 1, the interrupt factor which were the activation factor for
that DMAC do not act asthe DTC activation factor or the CPU interrupt factor.

Interrupt factors other than the interrupts managed by the DMAC are selected as DTC activation

request or CPU interrupt request by the DTCERA to DTCERF of DTC and the DTCE bit of

DTCERI.

By specifying the DISEL bit of the DTC's MRB, it is possible to clear the DTCE hit to O after
DTC datatransfer, and request a CPU interrupt.
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If DTC carries out the designate number of data transfers and the transfer counter reads O, after
DTC datatransfer, the DTCE bit is also cleared to 0, and a CPU interrupt requested.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 8.6, Interrupts,
and section 9.3.3, DTC Vector Table for the respective priority.

(3) Operation Order: If the sameinterrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

If the sameinterrupt is selected as the DMAC activation factor and as the DTC activation factor or
CPU interrupt factor, these operate independently. They operate in accordance with the respective
operating states and bus priorities.

Table 5-11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTA bit of DMAC's DMABCR, DTC's DTCERA to DTCERF, DTCERI's
DTCE bits, and the DISEL hit of DTC's MRB.

Table5-11 Interrupt Source Selection and Clearing Control

Settings

DMAC** DTC** Interrupt Source Selection/Clearing Control
DTA*! DTCE*! DISEL*! DMAC*! DTC** CPU
0 0 * O X A

1 0 O A X

1 O O A

1 * * A X X
Legend
A\ : The relevant interrupt is used. Interrupt source clearing is performed.

(The CPU should clear the source flag in the interrupt handling routine.)
O : The relevant interrupt is used. The interrupt source is not cleared.
X : The relevant bit cannot be used.
* Don't care
Note: *1 This function is not available in the H8S/2695.

(4) Noteson Use: SCI and A/D converter interrupt sources are cleared when the DMAC* or
DTC* reads or writes to the prescribed register, and are not dependent upon the DTA*, DTCE*,
and DISEL* bits.

Note: * This function is not available in the H8S/2695.
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Section 6 PC Break Controller (PBC)
(This function is not available in the H8S/2695)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC:
instruction fetch, dataread, datawrite, and data read/write.

6.1.1 Features

The PC break controller has the following features:
» Two break channels (A and B)

» Thefollowing can be set as break compare conditions:

0 24 address bits

Bit masking possible
O Buscycle

Instruction fetch

Data access. data read, data write, data read/write
0 Bus master

Either CPU or CPU/DTC can be selected

» Thetiming of PC break exception handling after the occurrence of abreak condition isas
follows:

O Immediately before execution of the instruction fetched at the set address (instruction fetch)

O Immediately after execution of the instruction that accesses data at the set address (data
access)

» Module stop mode can be set

O Theinitial setting isfor PBC operation to be halted. Register accessis enabled by clearing
modul e stop mode.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the PC break controller.

j: PC break

interrupt

BARA BCRA
E
IS
o
o
5
e
Mask control @
Comparator - CI%BEE:OI
Match signal
Internal address
Access
status Comparator . CI%BEE:OI
Match signal S
IS
o
o
Mask control ‘g
5
o]
BARB BCRB

Figure6-1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration
Table 6-1 shows the PC break controller registers.

Table6-1 PC Break Controller Registers

Initial Value
Power-On  Manual
Name Abbreviation R/W Reset Reset Address*!
Break address register A BARA R/W H'’XX000000 Retained H'FEOO
Break address register B BARB R/W H'XX000000 Retained H'FE04
Break control register A BCRA R/(W)** H'00 Retained H'FEO8
Break control register B BCRB R/(W)*? H'00 Retained H'FEQ9
Module stop control register C MSTPCRC R/W H'FF Retained H'FDEA

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, for flag clearing.

6.2 Register Descriptions

6.2.1 Break Address Register A (BARA)

Bit 3 ... 24 23 22 21 20 19 18 17 16 .. 7 6 5 4 3 2 1 0

B __|BAA|BAA|BAA|BAA|BAA|BAA(BAA |BAA BAA|BAA| BAA|BAA|BAA|BAA|BAA|BAA

23| 22| 2120|1918 |17 | 16 7le| 543|210

Initial value: ynde- ...Unde-0 0 0 0 O O O O ... 0 O O O O O O O
fined fined

RIW : — . — RMWR/W RW RW RW RWR/W RW ... RW RW RW RW RW R/W R/W RW

BARA isa32-hit readable/writable register that specifies the channel A break address.
BAA23to BAAO areinitialized to H'000000 by a power-on reset and in hardware standby mode.
Bits 31 to 24—Reserved: These bits return an undefined value if read, and cannot be modified.

Bits 23to 0—Break Address A23to A0 (BAA23-BAAO): These hits hold the channel A PC
break address.
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6.2.2 Break Address Register B (BARB)
BARB isthe channel B break address register. The bit configuration is the same as for BARA.
6.2.3 Break Control Register A (BCRA)

Bit .7 6 5 4 3 2 1 0
| cMFA | cpa [BamrAZ[BAMRAIBAMRAGCSELAL|CSELAO| BIEA |

Initial value : 0 0 0 0 0 0 0 0
R/W : RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only O can be written, for flag clearing.

BCRA is an 8-hit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3)
specifies whether the break condition is applied to an instruction fetch or a data access. It also
contains a condition match flag.

BCRA isinitialized to H'00 by a power-on reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. Thisflag is not cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Select A (CDA): Selectsthe channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master
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Bits5to 3—Break Address Mask Register A2to AO (BAMRA2-BAMRADOQ): These bits
specify which bits of the break address (BAA23-BAAOQ) set in BARA are to be masked.

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1l BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAA1-0 (lower 2 bits) are masked, and not included in break
conditions
1 BAA2-0 (lower 3 hits) are masked, and not included in break
conditions
1 0 0 BAA3-0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7-0 (lower 8 hits) are masked, and not included in break
conditions
1 0 BAA11-0 (lower 12 bits) are masked, and not included in break
conditions
1 BAA15-0 (lower 16 bits) are masked, and not included in break
conditions

Bits 2 and 1—Break Condition Select A (CSELA1, CSELAOQ): These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break condition.

Bit 2 Bit 1

CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bits 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC bresk interrupts.

Bit 0

BIEA Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled
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6.24 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration is the same as for BCRA.

6.2.5 Module Stop Control Register C (M STPCRC)

Bit L7 6 5 4 3 2 1 0
| MSTPC7| MSTPCB| MSTPCS | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO|

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW RW

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPCA4 hit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRC isinitialized to H'FF by a power on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 4—Module Stop (M STPC4): Specifies the PC break controller module stop mode.

Bit 4
MSTPC4 Description

0 PC break controller module stop mode is cleared
1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is shown
in sections 6.3.1, PC Break Interrupt Due to Instruction Fetch, and 6.3.2, PC Break Interrupt Due
to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

(2) Initid settings
0 Set the break addressin BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.
O Set the break conditionsin BCRA.

BCRA bit 6 (CDA): With aPC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits 5-3 (BAMA2-0): Set the address bits to be masked.
BCRA bits2-1 (CSEL A1-0): Set 00 to specify an instruction fetch as the break condition.
BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

(2) Satisfaction of break condition

0 When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.2 PC Break Interrupt Dueto Data Access

(1) Initial settings
0 Set the break addressin BARA. For a PC break caused by a data access, set the target

ROM, RAM, 1/O, or external address space address as the break address. Stack operations
and branch address reads are included in data accesses.

0 Set the break conditionsin BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits5-3 (BAMA2-0): Set the address hits to be masked.

BCRA bits2—1 (CSELA1-0): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit O (BIEA): Setto 1 to enable bresk interrupts.
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(2) Satisfaction of break condition

O After execution of the instruction that performs a data access on the set address, a PC break
request is generated and the condition match flag (CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Noteson PC Break Interrupt Handling

(1) The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

(2) The CMFA and CMFB flags are not cleared to 0, so 0 must be written to CMFA or CMFB
after first reading the flag while it is set to 1. If the flag isleft set to 1, another interrupt will be
reguested after interrupt handling ends.

(3) A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.

6.3.4 Operation in Transitionsto Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

(1) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode to subsleep mode:
After execution of the SLEEP instruction, atransition is not made to sleep mode or subsleep
mode, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6-2
(A)).

(2) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
subactive mode;
After execution of the SLEEP instruction, atransition is made to subactive mode via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6-2 (B)).

(3) When the SLEEP instruction causes a transition from subactive mode to high-speed (medium-
speed) mode:
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After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6-2 (C)).

(4) When the SLEEP instruction causes a transition to software standby mode or watch mode:

After execution of the SLEEP instruction, atransition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6-2

(D))-

SLEEP instruction
execution

SLEEP instruction
execution
Transition to
respective mode
(D)

SLEEP instruction SLEEP instruction
execution execution

PC break exception
handling
¥
Execution of instruction Direct transition
after sleep instruction exception handling
® Subactive High-speed
PC break exception mode PC break exception (medium-speed)
handling handling mode

Execution of instructio Execution of instruction
after sleep instruction after sleep instruction

(B) ©)

Subclock —
system clock,
oscillation settling time,

System clock
- subclock

Direct transition
exception handling

b

Figure6-2 Operation in Power-Down Mode Transitions

6.3.5 PC Break Operation in Continuous Data Transfer

If a PC break interrupt is generated when the following operations are being performed, exception
handling is executed on completion of the specified transfer.

(1) When a PC break interrupt is generated at the transfer address of an EEPMOV .B instruction:

PC break exception handling is executed after all data transfers have been completed and the
EEPMOV .B instruction has ended.

(2) When a PC break interrupt is generated at a DTC transfer address:

PC break exception handling is executed after the DTC has completed the specified number of
datatransfers, or after data for which the DISEL bit is set to 1 has been transferred.
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6.3.6 When Instruction Execution is Delayed by One State

Caution is required in the following cases, as instruction execution is one state later than usual.

(1) When the PBC is enabled (i.e. when the break interrupt enable bit is set to 1), execution of a
one-word branch instruction (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is aways delayed by one state.

(2) When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access is one state later than in normal operation.

(3) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, and that address is
used for data access, the instruction will be one state later than in normal operation.

@ERnN, @(d:16,ERn), @(d:32,ERN), @-ERN/ERN+, @aa:8, @aa: 24, @aa:32, @(d:8,PC),
@(d:16,PC), @@aa:8

(4) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn asits addressing mode, and that instruction islocated in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.3.7 Additional Notes

(1) When a PC break is set for an instruction fetch at the address following aBSR, JSR, IMP,
TRAPA, RTE, or RTS instruction:
Even if the instruction at the address following aBSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

(2) When thel bitisset by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is
set for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next instruction
is aways executed. For details, see section 5, Interrupt Controller.

(3) When a PC break is set for an instruction fetch at the address following a Bce instruction:
A PC break interrupt is generated if the instruction at the next addressis executed in
accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

(4) When a PC break is set for an instruction fetch at the branch destination address of a Bcc
instruction:

A PC break interrupt is generated if the instruction at the branch destination is executed in

accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

7.1 Overview

The H85/2633 Series has a built-in bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, DMA controller (DMAC)*, and data transfer controller (DTC)*.

Note: * Thisfunction is not available in the H8S/2695.

711 Features
The features of the bus controller are listed bel ow.

e Manages external address space in area units
0 Managesthe external space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
0 DRAM/Burst ROM interface can be set

» Basic businterface
0 Chip selects (CS0 to CS7) can be output for areas 0 to 7
0 8-hit access or 16-bit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

* DRAM interface*

DRAM interface can be set for areas 2 to 5 (in advanced mode)
Multiplexed output of row and column addresses (8/9/10-bit)

2 CAS method

Burst operation (in high-speed mode)

Insertion of T, cycleto secure RAS precharge time

Selection of CAS-before-RAS refresh and self refresh

O 0OoOooogg

* Burst ROM interface
0 Burst ROM interface can be set for area 0
00 Choice of 1- or 2-state burst access
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» Idlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecyclecan beinserted in case of an external write cycleimmediately after an
external read cycle

* Write buffer functions
O Externa write cycle and internal access can be executed in parallel
0O DMAC* single-address mode and internal access can be executed in parallel

» Busarbitration function
O Includes abus arbiter that arbitrates bus mastership among the CPU, DMAC* and DTC*

e Other features
O Refresh counter (refresh timer) can be used as an interval timer
O Externa busrelease function

Note: * Thisfunction is not available in the H8S/2695.
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712

Block Diagram

Figure 7-1 shows a block diagram of the bus controller.

CS0 to CS7
Internal
< Area decoder address bus
ABWCR K i
External bus control signals ASTCR [ i
< BCRH [ >
BCRL K i
BREQ ———————————* 0
BACK =~ Bus a > Internal control
BREQO —= controller % signals
©
T
S Bus mode signal
A =
) Wait
WAIT controller WCRH [ P
wcrL K P
—
DRAM controller
MCR* K P
Extemal.DRAM DRAMCR* C>
control signal
RTCNT* )
RTCOR* K )
l+—— CPU bus request signal
l«—— DTC* bus request signal
Bus arbiter l«—— DMAC* bus request signal
— CPU bus acknowledge signal
I—» DTC* bus acknowledge signal
—= DMAC* bus acknowledge signal
Legend:
ABWCR : Bus width control register MCR* : Memory control register
ASTCR : Access state control register DRAMCR* : DRAM control register
BCRH  : Bus control register H RTCNT*  : Refresh timer counter
BCRL . Bus control register L RTCOR* : Refresh time constand register
WCRH : Wait control register H
WCRL  : Wait control register L

Note: * This function is not available

in the H8S/2695.

Figure7-1 Block Diagram of Bus Controller
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7.1.3 Pin Configuration
Table 7-1 summarizes the pins of the bus controller.

Table7-1 BusController Pins

Name Symbol /0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write/ HWR Output  Strobe signal indicating that external space is to be

write enable* written, and upper half (D15 to D8) of data bus is
enabled. 2CAS method DRAM with enable signal*.

Low write LWR Output  Strobe signal indicating that external space is to be
written, and lower half (D7 to DO) of data bus is enabled.

Chip select 0 CSo Output  Strobe signal showing selection of area 0

Chip select 1 CSt Output  Strobe signal showing selection of area 1

Chip select 2/rov = CS2 Output  Strobe signal showing selection of area 2.

address strobe 2* When area 2 is allocated to DRAM space, this is the row

address strobe signal for DRAM* .
When areas 2 to 5 are contiguous DRAM space, this is
the row address strobe signal for DRAM* .

Chip select 3/row CS3/OE* Output  Strobe signal showing selection of area 3.

address strobe 3* When area 3 is allocated to DRAM space, this is the row
address strobe signal for DRAM* .
When only area 2 is allocated to DRAM space, or when
areas 2 to 5 are contiguous DRAM space, this is output
enable signal*.

Chip select 4/row  CS4 Output  Strobe signal showing selection of area 4.

address strobe 4* When area 4 is allocated to DRAM space, this is the row
address strobe signal for DRAM*.

Chip select 5/row CS5 OQutput  Strobe signal showing selection of area 5.

address strobe 5* When area 5 is allocated to DRAM space, this is the row
address strobe signal for DRAM* .

Chip select 6 CS6 Output  Strobe signal showing selection of area 6

Chip select 7 CS7 Output  Strobe signal showing selection of area 7

Upper column CAS* Output 2 CAS method DRAM upper column address strobe

address strobe* signal*

Lower column LCAS* Output DRAM lower column address strobe signal*

strobe*

Note: * This function is not available in the H8S/2695.
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Name Symbol 1/0 Function

Wait WAIT Input Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input Request signal that releases bus to external device.

Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge released.

Bus request output BREQO Output  External bus request signal used when internal bus
master accesses external space when external bus is
released.

714 Register Configuration
Table 7-2 summarizes the registers of the bus controller.

Table7-2 BusController Registers

Initial Value
Power-On Manual
Name Abbreviation R/W Reset Reset Address*!
Bus width control register ABWCR R/W HFF/H00*?> Retained HFEDO
Access state control register ASTCR R/W  HFF Retained H'FED1
Wait control register H WCRH RW  HFF Retained H'FED2
Wait control register L WCRL R/W  HFF Retained H'FED3
Bus control register H BCRH R/W  HDO Retained H'FED4
Bus control register L BCRL R/W  H'08 Retained H'FED5
Pin function control register PFCR R/W  H'OD/H'00 Retained H'FDEB
Memory control register MCR*? R/W  H'00 Retained H'FED6
DRAM control register DRAMCR*? R/W  H00 Retained HFED7
Refresh timer counter RTCNT*® R/W  H00 Retained HFEDS8
Refresh time constant register RTCOR*? R/W  HFF Retained H'FED9

Notes: *1 Lower 16 bits of the address.
*2 Determined by the MCU operating mode.
*3 This function is not available in the H8S/2695.
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7.2 Register Descriptions

721 BusWidth Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
ABW7 ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Mode 4

Initial value : 0 0 0 0 0 0 0 0

R/W . R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-bit readable/writable register that designates each areafor either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal /O registersis fixed regardiess of the settingsin ABWCR.

In normal mode, the settings of bits ABW7 to ABW1 have no effect on operation.

After a power-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5
to 7, and to H'00 in mode 4. It is not initialized by a manual reset or in software standby mode.

Bits 7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select whether the
corresponding areaisto be designated for 8-bit access or 16-bit access.

Bit n
ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=71t00)
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722 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0
AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-hit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

In normal mode, the settings of bits AST7 to AST1 have no effect on operation.

ASTCRisinitialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areaisto be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=71t00)
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7.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

(1) WCRH
Bit : 7 6 5 4 3 2 1 0
W71 W70 W61 W60 W51 W50 W41 W40
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These hits select the number of
program wait states when area 7 in external space is accessed whilethe AST7 bitin ASTCR is set
to 1.

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bitin ASTCR is set
to 1.

Bit 5 Bit 4
w61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
to 1.

Bit 3 Bit 2
W51 w50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed whilethe AST4 bitin ASTCR is set
tol.

Bit 1 Bit 0
w41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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(2) WCRL

Bit 7 6 5 4 3 2 1 0
w31 W30 w21 W20 w11 w10 wo1 W00

Initial value : 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These hits select the number of
program wait states when area 3 in external space is accessed whilethe AST3 bitin ASTCR is set

tol.
Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bitin ASTCR is set

to 1.
Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bitin ASTCR is set
to 1.

Bit 3 Bit 2
w11l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed whilethe ASTO bitin ASTCR is set
tol.

Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0O is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
724 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTS0|RMTS2* |RMTS1* |RMTS0*
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-hit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area O.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Note: * DRAM interface is not available in the H8S/2695.
Only a 0 may be written to RMTS2, RMTS1, or RMTS0.
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Bit 7—Idle Cyclelnsert 1 (1CIS1): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Ildle Cyclelnsert 0 (1CIS0): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit 5

mDescription

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)
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Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—RAM Type Select (RMTS2 to RM T S0): In advanced mode, these bits select the
memory interface for areas 2o 5.

When DRAM space* is selected, the appropriate area becomes the DRAM interface*.

Note: * This function is not available in the H8S/2695.
Only a 0 may be written to RMTS2, RMTS1, or RMTSO.

Bit 2 Bit 1 Bit 0 Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space DRAM space DRAM space DRAM space
1 1 1 Contiguous Contiguous Contiguous Contiguous

DRAM space DRAM space DRAM space DRAM space

Note: When all areas selected in DRAM are 8-bit space, the PF2 pin can be used as an 1/O port
and for BREQO and WAIT. When contiguous RAM is selected set the appropriate bus width
and number of access states (the number of programmable waits) to the same values for all
of areas 2 to 5. Do not set other than the above combinations.
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7.25 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE |BREQOE — OES* DDS* | RCTS* | WDBE | WAITE

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

Note: * This function is not available in the H8S/2695.

BCRL is an 8-hit readable/writable register that performs selection of the external bus-released
state protocol, enabling or disabling of the write data buffer function, and enabling or disabling of
WAIT pin input.

BCRL isinitialized to H'08 by a power-on reset and in hardware standby mode. It isnot initialized
by a manual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK and BREQO can be used as I/O ports
(Initial value)

1 External bus release is enabled

Bit 6—BREQO Pin Enable (BREQOE): Outputs asignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus rel ease state, when an internal bus
master performs an external space access, or when arefresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO can be used as I/0 port (Initial value)
1 BREQO output enabled

Bit 5—Reserved: Thisbit cannot be modified and is always read as 0.
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Bit 4—OE Select (OES): Selects the CS3 pin as the OE pin.

Bit4

OES Description

0 Uses the CS3 pin as the port or as CS3 signal output (Initial value)
1 When only area 2 is set for DRAM, or when areas 2 to 5 are set as

contiguous DRAM space, the CS3 pin is used as the OE pin

Bit 3—DACK Timing Select (DDS): When using the DRAM interface, this bit selects the
DMAC single address transfer bus timing.

Bit 3

DDS Description

0 When performing DMAC single address transfers to DRAM, always execute full
access. The DACK signal is output as a low-level signal from the T, or T, cycle

1 Burst access is also possible when performing DMAC single address
tranfers to DRAM. The DACK signal is output as a low-level signal
from the T, or T, cycle (Initial value)

Bit 2—Read CAS Timing Select (RCTYS): Selectsthe CAS signa output timing.

Bit 2

RCTS Description

0 CAS signal output timing is same when reading and writing (Initial value)
1 When reading, CAS signal is asserted half cycle earlier than when writing

Bit 1—Write Data Buffer Enable (WDBE): This hit selects whether or not to use the write
buffer function in the external write cycle or the DMAC* single address cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used
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Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WDescription

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port (Initial value)
1 Wait input by WAIT pin enabled

7.2.6 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
CSS07 | CSS36 | BUZZE* | LCASS*| AE3 AE2 AE1 AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: * This function is not available in the H8S/2695. Only 0 should be written to the BUZZE
and LCASS bits.

PFCR is an 8-bit read/write register that controls the CS selection of pins PG4 and PG1, controls
LCAS selection of pins PF2 and PF6, and controls the address output in expanded mode with
ROM.

PFCR isinitialized to H'OD/H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state by a manual reset or in software standby mode.

Bit 7—CS0/CS7 Select (CSS07): This bit selects the contents of CS output viathe PG4 pin. In
modes 4, 5, and 6, setting the corresponding DDR to 1 outputs the selected CS.

Bit 7

CSS07 Description

0 Selects CSO (Initial value)
1 Selects CS7

Bit 6—CS3/CS6 Select (CSS36): This bit selects the contents of CS output viathe PG1 pin. In
modes 4, 5, and 6, setting the corresponding DDR to 1 outputs the selected CS.

Bit 6

CSS36 Description

0 Selects CS3 (Initial value)
1 Selects CS6
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Bit 5—BUZZ Output Enable (BUZZE): This bit enables/disables BUZZ output via the PF1 pin.
The WDTL1 input clock, selected with PSS and CKS2 to CK S0, is output as the BUZZ signal. See
section 15.2.4, Pin Function Control Register (PFCR) for details of BUZZ output.

Bit 5

BUZZE Description

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Bit 4—L CAS Output Pin Select Bit (LCASS): Selects output pin for LCAS signal.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial value)
1 Outputs LCAS signal from PF6

Bits 3to 0—Address Output Enable 3to 0 (AE3-AEQ): These hits select enabling or disabling
of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When apinis
enabled for address output, the address is output regardless of the corresponding DDR setting.
When apin isdisabled for address output, it becomes an output port when the corresponding DDR
bit isset to 1.
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Bit3 Bit2 Bitl BitO
AE3 AE2 AE1l AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value™)
1 A8 address output enabled; A9—-A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11l address output enabled; A12—-A23 address output
disabled
1 A8-A12 address output enabled; A13—-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17—-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20—-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value™)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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7.2.7 Memory Control Register (MCR)*

Bit : 7 6 5 4 3 2 1 0
TPC BE RCDM CW2 MXC1 MXCO RLW1 | RLWO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The MCR is an 8-hit read/write register that, when areas 2 to 5 are set asthe DRAM interface,
controls the DRAM strobe method, number of precharge cycles, access mode, address multiplex
shift amount, and number of wait states to be inserted when arefresh is performed.

The MCRisinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

Bit 7—TP Cycle Control (TPC): When accessing areas 2 to 5, allocated to DRAM, this bit
selects whether the precharge cycle (T;) is 1 state or 2 states.

Bit 7

TPC Description

0 Insert 1 precharge cycle (Initial value)
1 Insert 2 precharge cycles

Bit 6—Burst Access Enable (BE): This bit enables/disables burst access of areas 2 to 5, alocated
as DRAM space. DRAM space burst accessis in high-speed page mode. When using EDO typein
this case, either select OE output or RAS up mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 Access DRAM space in high-speed page mode

Bit 5—RAS Down Mode (RCDM): When areas 2to 5 are allocated to DRAM space, this bit
selects whether the RAS signal level remains Low while waiting for the next DRAM access (RAS
down mode) or the RAS signal level returnsto High (RAS up mode), when DRAM access is
discontinued.
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Bit 5
RCDM Description
0 DRAM interface: selects RAS up mode (Initial value)

1 DRAM interface: selects RAS down mode

Bit 4—Reserved (CW2): Only write O to this bit.

Bits 3 and 2—Multiplex shift counts 1 and 0 (M XC1 and M XCOQ): These hits select the shift
amount to the low side of the row address of the multiplexed row/column addressin DRAM
interface mode. They also select the row address to be compared in burst operation of the DRAM
interface.

Bit 3 Bit 2
MXC1 MXCO Description
0 0 8-bit shift (Initial value)

(1) 8-bit access space: target row addresses for comparison are A23 to A8
(2) 16-bit access space: target row addresses for comparison are A23 to A9

1 9-bit shift
(1) 8-bit access space: target row addresses for comparison are A23 to A9
(2) 16-bit access space: target row addresses for comparison are A23 to A10

1 0 10-bit shift
(1) 8-bit access space: target row addresses for comparison are A23 to A10
(2) 16-bit access space: target row addresses for comparison are A23 to A11

1 —_

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1 and RLWO): These hits select the
number of wait states to be inserted in the CAS-before-RAS refresh cycle of the DRAM interface.
The selected number of wait statesis applied to all areas set as DRAM space. Wait input viathe
WAIT pin is disabled.

Bit 1 Bit 0

RLW1 RLWO  Description

0 0 Do not insert wait state (Initial value)
1 Insert 1 wait state

1 0 Insert 2 wait states
1 Insert 3 wait states
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728  DRAM Control Register (DRAMCR)*

Bit : 7 6 5 4 3 2 1 0
RFSHE | CBRM | RMODE| CMF CMIE CKS2 CKS1 CKSO0

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DRAMCR is an 8-bit read/write register that selects DRAM refresh mode, the refresh counter
clock, and sets the refresh timer control.

The DRAMCR isinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

Bit 7—Refresh Control (RFSHE): This bit selects whether or not to perform refresh control.
When not performing refresh control, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Do not perform refresh control (Initial value)
1 Perform refresh control

Bit 6—CBR Refresh Mode (CBRM): This bit selects whether CBR refresh is performed in
parallel with other external access, or only CBR refresh is performed.

Bit 6

CBRM Description

0 Enables external access during CAS-before-RAS refresh (Initial value)
1 Disables external access during CAS-before-RAS refresh

Bit 5—Refresh Mode (RMODE): This bit selects whether or not to perform a self refreshin
software standby mode when performing refresh control (RFSHE=1).

Bit 5

RMODE Description

0 Do not perform self-refresh in software standby mode (Initial value)
1 Perform self-refresh in software standby mode
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Bit 4—Compare Match Flag (CMF): This status flag shows a match between RTCNT and
RTCOR values.

When performing refresh control (RFSHE=1), write 1 to CMF when writing to the DRAMCR.

Bit 4
CMF Description
0 [Clearing]
When CMF=1, read the CMF flag, then clear the CMF flag to O (Initial value)
1 [Setting]

CMF is set when RTCNT=RTCOR

Bit 3—Compare Match Interrupt Enable (CMIE): This bit enables/disables the CMF flag
interrupt request (CMI) when the DRAMCR CMF flag isset to 1.

CMIE is aways 0 when performing refresh control (RFSHE = 1).

Bit 3

CMIE Description

0 Disables CMF flag interrupt requests (CMI) (Initial value)
1 Enables CMF flag interrupt requests (CMI)

Bits 2 to 0—Refresh Counter Clock Select (CKS2 to CK S0): These bits select from the seven
internal clocks derived by dividing the system clock (@) to be input to RTCNT. The RTCNT count
up starts when CKS2 to CK S0 are set to select the input clock.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 Stops count (Initial value)
1 Counts on g/2
1 0 Counts on g/8
1 Counts on /32
1 0 0 Counts on 9/128
1 Counts on g/512
1 0 Counts on @/2048
1 Counts on @/4096
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7.29 Refresh Timer Counter (RTCNT)*

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an 8-bit read/write up-counter.

RTCNT counts up using theinternal clock selected by the DRAMCR CKS2 to CK S0 hits.

When RTCNT matches the value in RTCOR (compare match), the DRAMCR CMF flagisset to 1

and RTCNT iscleared to H'00. If, at this point, DRAMCR RFSHE is set to 1, the refresh cycle
starts. When the DRAMCR CMIE bit is set to 1, acompare match interrupt (CMI) isaso
generated.

RTCNT isinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

7.210 Refresh Time Constant Register (RTCOR)*

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-bit read/write register that setsthe RTCNT compare match cycle.

The values of RTCOR and RTCNT are constantly compared and, when both value match, the
DRAMCR CMFflagissetto 1 and RTCNT is cleared to H'00.

RTCOR isinitialized to H'FF at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.
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7.3 Overview of Bus Control

731 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external spacein area units. A chip select signa
(CSO to CS7) can be output for each area. In normal mode*, it controls a 64-kbyte address space
comprising part of area 0. Figure 7-2 shows an outline of the memory map.

Note: * Not availablein the H85/2633 Series.

H'000000 H'0000
Area 0 \
(2Mbytes)
H'1FFFFF
H'200000
Area 1l
(2Mbytes)
H'3FFFFF
H'400000
Area 2
2Mbytes
(eMbytes) . HEEFF.
H'5FFFFF
H'600000
Area 3
(2Mbytes)
H'7FFFFF
H'800000
Area 4
(2Mbytes)
H'9FFFFF
H'A00000
Area 5
(2Mbytes)
H'BFFFFF
H'C00000
Area 6
(2Mbytes)
H'DFFFFF
H'E00000
Area 7
(2Mbytes)
.. HFFFFFE
(1) Advanced mode (2) Normal mode*

Note: * Not available in the H8S/2633 Series.

Figure7-2 Overview of Area Partitioning
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732 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/0 registers are
fixed, and are not affected by the bus controller.

(1) BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an
8-bit busis selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-bit access space.

If al areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus modeis
always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR. An area
for which 2-state accessis selected functions as a 2-state access space, and an area for which 3-
state access is selected functions as a 3-state access space.

With the DRAM interface* or the burst ROM interface, the number of access states may be
determined without regard to ASTCR.

When 2-state access space is designated, wait insertion is disabled.
Note: * Thisfunction is not availablein the H8S/2695.

(3) Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

Table 7-3 shows the bus specifications for each basic bus interface area.
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Table7-3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wwn1l Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3

7.3.3 Memory Interfaces

The H85/2633 Series memory interfaces comprise a basic bus interface that allows direct
connection or ROM, SRAM, and so on, DRAM interface* with direct DRAM connection and a
burst ROM interface that allows direct connection of burst ROM. The memory interface can be
selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, and areas set for
DRAM interface are DRAM spaces an area for which the burst ROM interface is designated
functions as burst ROM space.

Note: * Thisfunction is not available in the H8S/2695.
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734 Interface Specificationsfor Each Area

Theinitia state of each areais basic bus interface, 3-state access space. Theinitial buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (section 7.4, Basic Bus Interface, section 7.5,
DRAM Interface, and section 7.7, Burst ROM Interface) should be referred to for further details.

Area 0: Area0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area0is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

A CS0 signal can be output when accessing area 0 external space.

Either basic businterface or burst ROM interface can be selected for area 0.
Areas1and 6: In external expansion mode, all of areas 1 and 6 is external space.

CS1 and CS6 pin signals can be output when accessing the area 1 and 6 external space.
Only the basic businterface can be used for areas 1 and 6.

Areas2t05: In external expansion mode, all of areas 2 to 5 is external space.

CS2 to CS5 signal's can be output when accessing area 2 to 5 external space.

The standard bus interface or DRAM interface* can be selected for areas 2 to 5. In DRAM
interface mode, signals CS2 to CS5 are used asRAS signals.

Note: * Thisfunction is not available in the H8S/2695.

Area 7: Area7 includes the on-chip RAM and internal 1/O registers. In external expansion mode,
the space excluding the on-chip RAM and internal 1/O registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

A CS7 signal can be output when accessing area 7 external space.

Only the basic businterface can be used for the area 7.

191
RENESAS



7.35 Chip Select Signals

This LSI alows chip select signals (CSO to CS7) to be output for each of areas 0to 7. The level of
these signalsis set Low when accessing the external space of the respective area.

Figure 7-3 shows example CSn (where n=0 to 7) signal output timing.

The output of the CSn signal can be enabled or disabled by the data direction register (DDR) of
the port of the corresponding CSn pin.

In ROM-disabled expanded mode, the CSO pin is set for output after a power-on reset. The CS1 to
CS7 pins are set for input after a power-on reset, so the corresponding DDR must be set to 1 to
alow the output of CS1 to CS7 signals.

In ROM-disabled expanded mode, all of pins CS0 to CS7 are set for input after a power-on reset,
s0 the corresponding DDR must be set to 1 to allow the output of CSO to CS7 signals.

See sections 10A and 10B, 1/0 Ports for details.
When areas 2 to 5 are set as DRAM* space, CS2 to CS5 outputs are used asRAS signals.

Note: * DRAM interfaceis not available in the H8S/2695.

3 Bus cycle

Figure7-3 CSn Signal Output Timing (wheren=0to 7)
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7.4 Basic BusInterface

74.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see
table 7-3).

742 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-hit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 7-4 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
data that can be accessed at one time is one byte: aword transfer instruction is performed as two
byte accesses, and alongword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size [ ]

Word si 7lstbuscycle | : : : : : : :
ord size C2ndbuscycle [ L ]

[ 1st bus cycle
2nd bus cycle
3rd bus cycle

| 4th bus cycle

Longword size

Figure7-4 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space: Figure 7-5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of datathat can be accessed at one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size e« Even address ]

Byte size » Odd address [0

WOI‘d Slze | T T T T T T T | T T T T T T T |

Longword 1st bus cycle [T 7 7 7 T
ndbuseycle [ | |

Figure 7-5 Access Sizes and Data Alignment Control (16-Bit Access Space)
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7.4.3 Valid Strobes

Table 7-4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the

lower half.

Table7-4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance.

Invalid: Input state; input value is ignored.
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744 Basic Timing

8-Bit 2-State Access Space: Figure 7-6 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data busis used.

The LWR pin isfixed high. Wait states cannot be inserted.

—————— Buscycle ————————*
3 Ta 3 T2 3

.

W -
Address bus :X X:
o | -
"~

(s

Read D15 to D8

D7 to DO : ; Invalid !
AWR | |
LWR 1 High 1
Write | | |
D15 to D8 ——< " Valid >7
| ' High impedance 3
D7 to DO ! o mp

Note: n=0to 7

Figure7-6 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7-7 shows the bus timing for an 8-bit 3-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data busis used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle »
Ty T, T3

Address bus ><

Read D15to D8

D7 to DO

LWR

D15 to D8 ‘%—<

D7 to DO

Write

Note: n=0to 7

Figure7-7 BusTimingfor 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7-8 to 7-10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

~————— Buscycle ————————
‘ T1 | T2 :

Address bus 3)(

O‘
[2)
>

Read D15 to D8

D7 to DO

o
Invalid

el L e

Write

D15 to D8 ~—< \ Valid >7

3 High impedance

D7 to DO

Note: n=0to 7

Figure 7-8 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Read

Write

Address bus

CSn

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Note: n=0to 7

Buscycle ————————»

| T, |

Figure7-9 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Figure7-10 BusTiming for 16-Bit 2-State Access Space (3) (Word Access)

Note: n=0to 7
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16-Bit 3-State Access Space: Figures 7-11 to 7-13 show bustimings for a 16-bit 3-state access
space. When a 16-bit access space is accessed , the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
T | T,

Read ¢ D15 to D8

D7 to DO 1

Write

AWR i

D15 to D8 ——< : valid >—

D7 to DO

Note: n=0to 7

Figure7-11 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Bus cycle
! T2 3 T3

LT

Address bus 3)( i 3 ix
CSn

B
B

AS
RD

Read < D15 to D8

D7 to DO

T
]

High

Write '
High impedance;
D15 to D8 T

D7 to DO ——< ! Valid i >_

Note: n=0to 7

Figure7-12 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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Bus cycle
T2

Ty

Address bus

D15 to D8

D7 to DO

D15to D8

D7 to DO

Read

Write

=0to7

Note: n

Figure7-13 BusTiming for 16-Bit 3-State Access Space (3) (Word Access)
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745 Wait Control

When accessing external space, the H8S/2633 Series can extend the bus cycle by inserting one or
more wait states (T,,). There are two ways of inserting wait states: program wait insertion and pin
wait insertion using the WAIT pin.

Program Wait Insertion

From 0 to 3 wait states can be inserted automatically between the T, state and T, state on an
individua areabasisin 3-state access space, according to the settings of WCRH and WCRL.

Pin Wait Insertion

Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program
walit insertion isfirst carried out according to the settingsin WCRH and WCRL. Then, if the
WAIT pinislow at thefalling edge of ginthelast T, or T, State, aT,, stateis inserted. If the
WAIT pinisheld low, T, states areinserted until it goes high.

Thisis useful when inserting four or more T,, states, or when changing the number of T,, states for
different external devices.

The WAITE hit setting appliesto all areas.
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Figure 7-14 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl T2 Tw TW Tw T3
B e e e
= i
WAIT
Address bus :>< ><i
AS

o |
Read
Data bus { Readdata |-
HWR, LWR
Write
Data bus 4< Write data >>

Note: } indicates the timing of WAIT pin sampling.

Figure7-14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT
input disabled. At amanual reset, the bus control register values are retained and wait control
continues as before the reset.
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7.5 DRAM Interface (This function is not available in the H8S/2695)

751 Overview

ThisLSl allows area 2 to 5 external space to be set as DRAM space and DRAM interfacing to be
performed. With the DRAM interface, DRAM can be directly connected to the LSI. BCRH
RMTS2 to RMTS0 allow the setting up of 2, 4, or 83MB DRAM space. Burst operation is possible
using high-speed page mode.

752 Setting up DRAM Space

To set up areas 2to 5 as DRAM space, set the RMTS2 to RMTSO0 bits of BCRH. Table 7-5 shows
the relationship between the settings of the RMTS2 to RM TS0 bits and DRAM space. You can
select (1) one area (area 2), (2) two areas (areas 2 and 3), or (3) four areas (areas 2 to 5).

Using 16 64M DRAMSs requires a4M word (8MB) contiguous space. Setting RMTS2 to RMTS0
to 1 allowsareas 2 to 5 to be configured as one contiguous DRAM space. The RAS signal can be
output from the CS2 pin, and CS3 to CS5 can be used asinput ports. In this configuration, the bus
widths are the same for areas 2 to 5.

Table7-5 RMTS2to RMTSO0 Settingsvs DRAM Space

RMTS2 RMTS1 RMTSO Areas Area 4 Area 3 Area 2
0 0 1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space DRAM space DRAM space DRAM space
1 1 1 Contiguous Contiguous Contiguous Contiguous
DRAM space DRAM space DRAM space DRAM space
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753 Address Multiplexing

In the case of DRAM space, the row address and column address are multiplexed. With address
multiplexing, the MXC1 and M XCO bhits of the MCR select the amount of shift in the row address.
Table 7-6 shows the relationship between MXC1 and M X CO settings and the shift amount.

Table7-6 MXC1and MXCO Settings vs Address M ultiplexing

MCR Address Pin

Shift
MXC1 MXCO Amount A23to A13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Row 0 0 8 bits A2310 A13 A20 A19 Al8 Al7 Al6 Al5 Al4 Al3 Al2 All AL0 A9 A8

address 1 9 bits A23t0Al3 Al2 A20 Al9 Al8 Al7 Al6 Al5 Ald AL3 Al2 All AL0 A9

1 0 10 bits A2310 A13 Al2 All A20 Al9 Al8 Al7 Al6 Al5 Ald Al3 Al2 All ALO

1 Donotset — - - = = = = = = = = = = —

Column — @ — @ — A23t0A13 Al2 All AL0 A9 A8 A7 A6 A5 A4 A3 A2 AL A0
address

754 Data Bus

Setting the ABWCR hit of an area set as DRAM space to 1 sets the corresponding area as 8-hit
DRAM space. Clearing the ABWCR bit to 0 sets the area as 16-hit DRAM. 16-bit DRAMs can be
directly connected in the case of 16-bit DRAM space.

With 8-bit DRAM space, the high data bus byte (D15 to D8) isvalid. With 16-bit DRAM space,
the high and low data bus bytes (D15 to DO0) are valid.

The access size and data alignment are the same as for the standard bus interface. See section
7.4.2, Data Size and Data Alignment for details.
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755

DRAM Interface Pins

Table 7-7 shows the pins used for the DRAM interface, and their functions.

Table7-7 DRAM Interface Pin Configuration
In DRAM

Pin Mode Name Direction Function

HWR WE Write enable Output Write enable when accessing
DRAM space in 2 CAS mode

LCAS LCAS Lower column address Output Lower column address strobe signal

strobe when accessing 16-bit DRAM space

CSs2 RAS2 Row address strobe 2 Output Row address strobe when area 2
set as DRAM space

CS3 RAS3 Row address strobe 3 Output Row address strobe when area 3
set as DRAM space

CS4 RAS4 Row address strobe 4 Output Row address strobe when area 4
set as DRAM space

CS5 RAS5 Row address strobe 5 Output Row address strobe when area 5
set as DRAM space

CAS UCAS Upper column address Output Upper column address strobe when

strobe accessing DRAM space

WAIT WAIT Wait Input Wait request signal

Al12to AO Al2to AO Address pin Output Multiplexed output of row address
and column address

D15to DO D15to DO Data pin Input/output Data input/output pin

OE OE* Output enable pin Output Output enable signal when

accessing DRAM space in read
mode

Note: * Valid when OES bit set to 1.

7.5.6 Basic Timing

Figure 7-15 shows the basic access timing for DRAM space. There are four basic DRAM timing
states. In contrast to the standard bus interface, the corresponding ASTCR bit only controls the
enabling/disabling of wait insertion and has no effect on the number of access states. When the
corresponding ASTCR bit is cleared to 0, no wait states can be inserted in the DRAM access

cycle.

The four basic timing states are as follows: T, (precharge cycle) 1 state, T, (row address output
cycle) 1 state, T, and T, (column address output cycle) two states.
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When RCTSis set to 1, the CAS signal timing differs when reading and writing, being asserted Q

cycle earlier when reading.

2to5

UL Fﬂf \\\\\\\\\\\\\\\\\\\\\\\
o
2 )
TETTTT ml “““““““““““““““““““““““
(8] | NF
{3
11
=< b b _____
=
m —_—
=< b ____
|ZVA_ ““““ |—|_|_|_ﬁq “““““““““ 1T
2 B B E R 3 F g B
R a0 2
< 3 B B 5Bk :
=] [0}
g £
I =

Note: n

209

RENESAS

Figure7-15 Basic Access Timing




757 Precharge State Control

When accessing DRAM, it is essentia to secure atime for RAS precharging. InthisLSl, it is
therefore necessary to insert 1 T, state when accessing DRAM space. By setting the TPC bit of the
MCRto 1, T, can be changed from 1 state to 2 states. Set the appropriate number of T, cycles
according to the type of DRAM connected and the operation frequency of the LSI. Figure 7-16
shows the timing when T is set for 2 states.

Setting the TPC bit to 1 also sets the refresh cycle T, to 2 states.

A23 to AO :><

wee [ L

: : i © RCTs=1

Read . HWR (WE) _I ‘ ‘ ‘ : ‘
D15 to DO j j E
CAS, [CAS | ‘ —
Write HWR (ﬁ) % % % % m
D15 to DO :/\ ( >_

Note: n=2t0 5 | | | | |

Figure7-16 Timing With Two Precharge Cycles
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7.5.8 Wait Control

There are two methods of inserting wait statesin DRAM access: (1) insertion of program wait
states, and (2) insertion of pin waitsvia WAIT pin.

(1) Insertion of Program Wait States

Setting the ASTCR hit of an area set for DRAM to 1 automatically inserts from 0 to 3 wait states,
as set by WCRH and WCRL, between the T, state and T, state.

When a program wait isinserted, the write wait function is activated and only the CAS signal is
output only during the T, state when writing.

Figure 7-17 shows example timing for the insertion of program waits.

Program
waits

To

| ]
Address bus :X X X Xi

CSn (RAS)

- RCTS=0
CAS, LCAS !

RCTS=1

Read RD

Data bus Read data

CAS, LCAS

i

Write HWR (WE)

~

Data bus \ Write data

Note: | shows timing for WAIT pin sampling.
n=2to5

Figure7-17 Example Program Wait Insertion Timing (Wait 2 State I nsertion)
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(2) Insertion of Pin Waits

When the WAITE bit of BCRH is set to 1, wait input viathe WAIT pin isvalid regardless of the
ASTCR AST hit. In this state, a program wait is inserted when the DRAM space is accessed. If the
WAIT pinlevel isLow at thefal in ginthefina T, or T, state, afurther T,, isinserted. If the
level of the WAIT piniskept Low, T,, isinserted until the level of the WAIT pin changes to High.

When wait states are inserted viathe WAIT pin, the CAS when writing is output after the T,, state.

Figure 7-18 shows example timing for the insertion of wait states viathe WAIT pin.

Program
waits
T Tr ‘ Tcl ‘ Tw ‘ Tw ‘ TcZ \
[ [ [ l l [ |

WAIT pin wait states

Address bus :>< >< ><

AS

CSn (RAS)

CAS, LCAS

RCTS=1

Read RD

CAS, LCAS

Data bus { Read data >—

Write HWR (WE)

Data bus

—

Write data >—

Note: | shows timing for /WAIT pin sampling.
n=2t5

Figure7-18 Example Timing for Insertion of Wait Statesvia WAIT Pin
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759 Byte Access Control

When 16-bit DRAMs are connected, the 2 CAS method can be used as the control signal required
for byte access.

Figure 7-19 shows the 2 CAS method control timing. Figure 7-20 shows an example of connecting
DRAM in high-speed page mode.

When all areas selected as DRAM space are set as 8-bit space, the LCAS pin functionsasan 1/0
port.

A23t0 A0 ! >< row >< column ><

I

Note: n=2to5

Figure7-19 2 CASMethod Control Timing (For High Byte Write Access)

When using DRAM EDO page mode, either use OE to control the read data or, as shown in figure
7-20, select RAS up mode. Figure 7-21 is an example of DRAM connection in EDO page mode
when OES=1.
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This LSI
(address shift set to 9 bits)

CS (RAS)
CAS
LCAS
HWR (WE)

A9
A8
A7
A6
A5
A4
A3
A2
Al

D15 to DO

2CAS 4-Mbit DRAM
256KB x 16-bit configuration
9-bit column address

RAS
UCAS
LCAS
WE

A8

A7

A6 (Row address input: A8 to A0)
A5 (Column address input: A8 to A0)
A4

A3

A2

Al

A0

D15 to DO

OWE

214

Figure7-20 High-speed Page Mode DRAM
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This LSI
(address shift set to 10 bits)

2CAS 16-Mbit DRAM
1MB x 16-bit configuration
10-bit column address

CS2 (RAS)
CAS
LCAS
HWR (WE)
A10

A9

A8

A7

A6

A5

A4

A3

A2

Al

—__ __ Di15t0 DO
CS3 (OEF)

RAS
UCAS
LCAS
WE
A9

A8

A7

A6 (Row address input: A9 to AO)
A5 (Column address input: A9 to AQ)

A4
A3
A2
Al
A0

Di15toDO __
OE

Figure7-21 Example Connection of EDO Page Mode DRAM (OES=1)

7.5.10 Burst Operation

In addition to full DRAM access (normal DRAM access), in which the row addressis output each
time the datain DRAM is accessed, there is also a high-speed page mode that allows high-speed

access (burst access). In this method, if the same row address is accessed successively, the row
address is output once and then only the column address is changed. Burst access is selected by

setting the BE bit of the MCR to 1.

RENESAS
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(1) Operation Timing for Burst Access (High-Speed Page M ode)

Figure 7-22 shows the operation timing for burst access. When the DRAM space is successively
accessed, the CAS signal and column address output cycle (2 states) are continued as long as the
row address is the same in the preceding and succeeding access cycles. The MXC1 and MXCO
bits of the MCR specify which row address is compared.

A23 to A0 ) X row X columnl X column2 X:
AS | | | | | |
Csn (RAS) | | | | | I_
! ! ! RCTS=0 ! | !
CAS,[CAS | : : ! 1 [
3 3 | RCTs=1; ! 3 !
HWR (WE) _| 3 3 3 3 3 3
Read Oz | | | | | |
o ] 1 1 1 | * [
PR W N B e
CAS,LCAS | : |
FWR WE) | i i i 1 T
Write | | | | | ! |
OE _] ! ! 3 ! 3 !
D15 to DO :/\ { —{ —

Notes: n=2to 5
* OE is enabled when OES=1.

Figure7-22 Operating Timing in High-Speed Page Mode

The bus cycle can also be extended in burst access by inserting wait states. The method and timing
of inserting the wait statesis the same asin full access. For details, see section 7.5.8, Wait Control.
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(2) RASDown Mode and RAS Up Mode

Even when burst operation is selected, DRAM access may not be continuous, but may be
interrupted by accessing another area. In this case, burst operation can be continued by keeping the
RAS signal level Low while the other area is accessed and then accessing the same row addressin
the DRAM space.

* RASdown mode
To select RAS down mode, set the RCDM bit of the MCR to 1. When DRAM accessis
interrupted and another area accessed, the RAS signal level iskept Low and, if the row address
isthe same as previously when the DRAM space is again accessed, burst access is continued.
Figure 7-23 shows example RAS down mode timing.
Note that if the refresh operation occurs when RAS is down, the RAS signal level changesto
High.

DRAM External space DRAM

| read access ' read access | write access

3 i T i Te1 ! Teo 3 Ty i Ts 3 Te1 ! Teo 3
’ J LD
A23t0A0 >< >< | >< | >< | X:

m | 1 1 1 1 1

AWR (WE) | : : : ! : ! : !

csnrAS) | | | | | | | | |

| : ______RCTS=0 | 3 3 3 i

CAS,[CAS | i i i i

: : 'RCTS=1, : : : : :

& [ [ L
D15t0D0 | | 3 3 — 1) 3 < | >—< | | >—

Notes: n=2t0 5
* OE is enabled when OES=1.

Figure 7-23 Example Operation Timing in RAS Down Mode
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RAS up mode

To select RAS up mode, clear the RCDM bit of the MCR to 0. If DRAM accessisinterrupted

to access another area, the RAS signal level returnsto High. Burst operation isonly possible

when the DRAM space is contiguous. Figure 7-24 shows example timing in RAS up mode.

Note that the RAS signal level does not return to High in burst ROM space access.

External space

DRAM
read access

DRAM
write access

. Write access .
I
|

L
|
|

A23 to A0
HWR (WE)
CSn (RAS)

CAS, LCAS

D15 to DO

=2to5

Note: n

Figure7-24 Example Operation Timingin RASUp Mode
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7.5.11 Refresh Control

This LSl has a DRAM refresh control function. There are two refresh methods: (1) CAS-before-
RAS (CBR) and (2), self refresh.

(1) CAS-Before-RAS (CBR) Refresh
To select CBR refresh, set the RFSHE bit of DRAMCR to 1 and clear the RMODE bhit to 0.

In CBR refresh, the input clock selected with the CKS2 to CK 'S0 hits of DRAMCR are used for
the RTCNT count-up. Refresh control is performed when the count reaches the value set in
RTCOR (compare match). The RTCNT isthen reset and the count again started from H'00. That
is, the refresh is repeated at the set interval determined by RTCOR and CKS2 to CKS0. Set
RTCOR and CKS2 to CK S0 to satisfy the refresh cycle for the DRAM being used.

The RTCNT count up starts when the CKS2 to CK SO bits are set. The RTCNT and RTCOR
values should therefore be set before setting CKS2 to CKS0. When avalueis set in RTCOR,
RTCNT iscleared. When RTCNT is set at the sametimethat it is reset by a compare match, the
value written to RTCNT takes precedence.

When performing refresh control (RFSHE=1), do not clear the CMF flag.

Figure 7-25 shows RTCNT operation. Figure 7-26 shows compare match timing. And figure 7-27
show CBR refresh timing.

Some types of DRAM do not alow the WE signal to be changed during the refresh cycle. In this
case, set CBRM to 1. Figure 7-28 shows the timing. The CS signal is not controlled and a Low
level isoutput when an access request occurs.

Note that other normal spaces are accessed during the CBR refresh cycle.

H'00

Refresh request |_| |_| |_| |_| |_|

Figure7-25 RTCNT Operation
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RTCNT N >< H'00

RTCOR N

Refresh request
signal and CMF

bit setting signal

Figure7-26 Compare Match Timing

Read access of Write access of
normal space normal space
T T

A23to AD ) 3 X 3 X
s\ 1 1 /
AS 1 1 1 1
o | ] | |
HWR (WE) } 3 3 |
H—%— Refresh cycle —%—»i
- T ! I
RAS | i 3 i
CAS | |

Figure 7-27 Example CBR Refresh Timing (CBRM=0)
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Normal space access request

A23 to AO

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww Fr-

= 1)

Figure 7-28 Example CBR Refresh Timing (CBRM
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(2) Self-Refresh

One of the DRAM standby modes is the self-refresh mode (battery backup mode), in which the
DRAM generates its own refresh timing and refresh address.

To select self-refresh, set the RFSHE bit and RMODE bits of the DRAMCR to 1. Next, execute a
SLEEP instruction to make a transition to software standby mode. As shown in figure 7-29, the
CAS and RAS signals are output and the DRAM enters self-refresh mode.

When you exit software standby mode, the RMODE hit is cleared to 0 and self-refresh mode is
exited.

When making a transition to software standby mode, self-refresh mode starts after a CBR refresh,
providing there is a CBR refresh request. CBR refresh requests occurring immediately before
entering software standby mode are cleared on completion of the self-refresh when the software
standby modeis exited.

Software standby

i TRp L TRcr i i i L TRc3 i
z ))

CSn (RAS) i i i i i i
o s S S ma s m

CAS, [CAS

_ | | | (( |
: : : : R : :
o ! ! ! ! ! (( ! !
HWR (WE) | | | Do | )) | |
! ! ! ' High level ! ! !

Note:n=2t0 5
Figure7-29 Self-Refresh Timing
222

RENESAS




7.6 DMAC Single Address Mode and DRAM Interface
(This function is not available in the H8S/2695)

When burst mode is set for the DRAM interface, the DDS bit selects the output timing for the
DACK signal. It also selects whether or not to perform burst access when accessing the DRAM
space in DMAC single address mode.

76.1 DDS=1

Burst access is performed on the basis of the address only, regardless of the bus master. The
DACK output level changesto Low afer the T, state in the case of the DRAM interface.

Figure 7-30 shows the DACK output timing for the DRAM interface when DDS=1.

row

>
N
W
5]
>
o
=

CSn (RAS) J

CAS (UCAS)
LCAS (LCAS)

Read{ HWR (WE) _|

D15toD0 |

CAS (UCAS)
LCAS (LCAS) |

wite | FWR (W) _|

)
D15t0D0 |
—

DACK

Note: n=2to5

Figure7-30 DACK Output Timing when DDS=1 (Example Showing DRAM Access)
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7.6.2 DDS=0

When the DRAM space is accessed in DMAC single address mode, always perform full access
(normal access). The DACK output level changesto Low afer the T, state in the case of the
DRAM interface.

In other than DMAC signle address mode, burst access is possible when the DRAM spaceis
accessed.

Figure 7-31 shows the DACK output timing for the DRAM interface when DDS=0.

Csn (RAS) |
CAS (UCAS) :
LCAS (LCAS) J

Read | HWR (WE) J

CAS (UCAS)
LCAS (LCAS)

AWR WE) |

Write

DI5t0D0

_

Note:n=2to5

Figure7-31 DACK Output Timing when DDS=0 (Example Showing DRAM Access)
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7.7 Burst ROM Interface

771 Overview

In this LSI, the area O external space can be set as burst ROM space and burst ROM interfacing
performed. Burst ROM space interfacing allows 16-bit ROM capable of burst access to be
accessed at high-speed.

The BRSTRM bit of BCRH sets area 0 as burst ROM space. CPU instruction fetches (only) can be
performed using a maximum of 4-word or 8-word continuous burst access. 1 state or 2 states can
be selected in the case of burst access.

7.7.2 Basic Timing

The ASTO bit of ASTCR sets the number of access states in the initial cycle (full access) of the
burst ROM interface. Wait states can be inserted when the ASTO bit is set to 1. The burst cycle
can be set for 1 state or 2 sttes by setting the BRSTS1 bit of BCRH. Wait states cannot be inserted.
When area 0 is set as burst ROM space, area 0 is a 16-bit access space regardless of the ABWO bit
of ABWCR.

When the BRSTSO bit of BCRH is cleared to 0, 4-word max. burst access is performed. When the
BRSTSO hit is set to 1, 8-word max. burst access is performed.

Figure 7-32 (@) and (b) shows the basic access timing for the burst ROM space.
Figure 7-32 (a) is an example when both the AST0 and BRSTS1 hits are set to 1.

Figure 7-32 (b) is an example when both the ASTO and BRSTS1 bits are set to O.
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Address bus

CSO0

Data bus

Ty

Full access

T,

T3 T1

Burst access

T, L

\/
Low address/?nly changes

!

-

—< Read data >—< Read data >—< Read data >‘

226

Figure7-32 (a) Example Burst ROM Access Timing (AST0=BRSTS1=1)
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Full access Burst access

Ty T2 Ty Ty

: ( \/ ) :
Address bus ><LOW address/?nly changes

Data bus 4< Read data ><Read data>< Read data>i

Figure7-32 (b) Example Burst ROM Access Timing (AST0=BRST S1=0)

7.7.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 7.4.5, Wait
Control.

Wait states cannot be inserted in the burst cycle.
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7.8 Idle Cycle

7.8.1 Operation

When the H8S/2633 Series accesses external space, it can insert a 1-state idle cycle (T,) between
bus cyclesin the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when awrite cycle occurs immediately after aread cycle. By inserting an
idle cycleit is possible, for example, to avoid data collisions between ROM, with along output
floating time, and high-speed memory, /O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bitin BCRH isset to 1, anidle
cycleisinserted at the start of the second read cycle.

Figure 7-33 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycleis not inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycleisinserted,
and adata collision is prevented.

, Bus cycle A Bus cycle B ‘ Bus cycle A , Bus cycle B ‘
| T, T T3 | T, T | | LT P | T T |
o LT LI LT LT L o [T LT L LT L L

Address bus j X X: Address bus j bt

‘ L
CS (area A) 3 CS (area A) |
} ‘ | CS (area B) 3 ! |

RO B B mo L 1 [

Data bus | §- Data bus ; ; )—( ;>—

i

' ' Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)

Figure 7-33 Exampleof Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICIS0 bit in BCRH isset to 1, anidle
cycleisinserted at the start of the write cycle.

Figure 7-34 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

Address bus :b( Y x: Address bus j lX

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)

Figure 7-34 Exampleof Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’ s load conditions, the RD signal may lag behind the CS signal. An

example is shown in figure 7-35.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS

signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

, BuscycleA  Buscycle B Buscycle A ~ BuscycleB |
T, T, T T, T, L T, T T, T, T,
7 P
Address bus j X X: Address bus j ‘X X:
CS (area A) | CS (area A) |
CS (area B) CS (area B) ‘

i 1

Data bus | —§ Data bus j—( : )—( }—

Long output

Data
collision

floating time

(a) Idle cycle not inserted
(ICIS1=0)

(b) Idle cycle inserted
(Initial value ICIS1 = 1)

Figure7-35 Relationship between Chip Select (CS) and Read (RD)
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(4) Notes

The setting of the ICIS0 and ICIS1 bitsisinvalid when accessing the DRAM space. For example,
if the 2nd of successive reads of different areasisa DRAM access, only the T, cycleisinserted,
not the T, cycle. Figure 7-36 shows the timing. Note, however, that ICISO and ICIS1 settings are
validin burst accessin RAS down mode, and an idle cycle isinserted. Figure 7-37 (a) and (b)
shows the timing.

% External read»% DRAM space read %

L Ts T3 1+ Ty T, Teaa  Teo |

[T LU U UL

Address bus:X X >< X
© ] —1 T
Data bus :4<::> ::)

Figure7-36 Example of DRAM Access after External Read

DRAM space read External read DRAM space read

Tp Tr Tcl TCZ T1 T1 TZ T3 Tcl Tcl TCZ

EXTAL
Address :>:l( X X ):( >:K >:l<:
RD |
RAS | : i i

CAS, LCAS '
Data bus 1) | >_
Idle cycle
Figure7-37 (a) Exampleldle Cycle Operation in RAS Down Mode (ICIS1=1)
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DRAM space read External read DRAM space read

Tp Tr Tcl Tc2 T1 T1 T2 T3

Data bus

—

R0 I e B |
AR i o

Idle cycle

Figure 7-37 (b) Exampleldle Cycle Operation in RAS Down Mode (I CI S0=1)

7.8.2 Pin Statesin Idle Cycle
Table 7-8 shows pin statesin an idle cycle.

Table7-8 Pin Statesin IdleCycle

Pins Pin State

A23to AO Contents of next bus cycle
D15 to DO High impedance

CSn High*

CAS High

AS High

RD High

HWR High

LWR High

DACKn High

Note: * Remains low in DRAM space RAS down mode or a refresh cycle.
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7.9 Write Data Buffer Function

The H85/2633 Series has a write data buffer function in the external data bus. Using the write data
buffer function enables external writes and DMA single address mode transmission to be executed
in parallel with internal accesses. The write data buffer function is made available by setting the
WDBE bitin BCRL to 1.

Figure 7-38 shows an example of the timing when the write data buffer function is used. When
thisfunction is used, if an external write and DMA single address mode transmission continues for
2 states or longer, and thereis an internal access next, only an external write is executed in the first
state, but from the next state onward an internal access (on-chip memory or internal 1/O register
read/write) is executed in parallel with the external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

External write cycle ‘

T Tz Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

P
A23 to AO >< ! External address

External CSn

space 3 !

write e

D15 to DO 4‘—< 97

Figure7-38 Example of Timing when Write Data Buffer Function is Used
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710 BusRedease

7.10.1 Overview

The H85/2633 Series can release the external busin response to a bus request from an external
device. In the external bus released state, the internal bus master continues to operate aslong as
thereis no external access.

If an internal bus master wants to make an external access and when a refresh request occursin the
external bus released state, it can issue a bus request off-chip.

7.10.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the H8S/2633 Series.
When the BREQ pin is sampled, at the prescribed timing the BACK pin isdriven low, and the
address bus, data bus, and bus control signals are placed in the high-impedance state, establishing
the external bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped. Also, when arefresh request occurs in the external bus released state, refresh control is
deferred until the external bus master drops the bus request.

If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external
access and when a refresh request occurs in the external bus rel eased state, the BREQO pinis
driven low and arequest can be made off-chip to drop the bus request.

When the BREQ pin is driven high, the BACK pinisdriven high at the prescribed timing and the
external bus released state is terminated.

The following shows the order of priority when an external bus release request, refresh request,
and external access by the internal bus master occur simultaneously:

When CBRM=1

(High) Refresh > External bus release > External access by internal bus master (Low)
When CBRM=0

(High) Refresh > External bus release (Low)

(High) External bus release > External access by internal bus master (Low)

Note: A refresh can be executed at the same time as external access by the internal bus master.
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7.10.3

Table 7-9 shows pin states in the external bus released state.

Pin Statesin External Bus Released State

Table7-9 Pin Statesin Bus Released State
Pins Pin State

A23 to AO High impedance
D15 to DO High impedance
CSn High impedance
CAS High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACKn High

RENESAS
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7.10.4 Transition Timing

Figure 7-39 shows the timing for transition to the bus-released state.

CPU
CPU cycle | External bus released state | cycle
- -

ST L LU LU LT

High impedance

High impedance

Address bus >< Adbress >< !
1 High impedance |

Data bus ! > = |

: 1 High impedance |

CSn 3 >/ \ ‘ :

High impedance —

High imbedance

BREQ \ /
BACK A e
BREQO* \ /
iMlnimumi i i i
1 state
.~ 1 1 1
1 [2 [3] [4] [5] [6]

[1] Low level of BREQ pin is sampled at rise of T, state.

[21 BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.

[3] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] BACK pinis driven high, ending bus release cycle.

[6] BREQO signal goes high 1.5 clocks after BACK signal goes high.

Note: * Output only when BREQOE is set to 1.

Figure7-39 Bus-Released State Transition Timing
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DRAM space read access External bus released
—

A23 to AO

[

w0
3

Figure7-40 Example Bus Release Transition Timing After DRAM Access (Reading
DRAM)

7.10.5 Notes

The external bus release function is deactivated when MSTPCR is set to H'FFFFFF or H'EFFFFF
and atransition is made to sleep mode. To use the external bus release function in sleep mode, do
not set MSTPCR to H'FFFFFF and H'EFFFFF.

When the CBRM bit is set to 1 to use the CBR refresh function, set the BREQ=1 width greater
than the number of the slowest external access states. Otherwise, CBR refresh requests from the
refresh timer may not be performed.
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7.11  BusArhbitration
(DMAC and DTC functions are not available in the H8S/2695)

7.11.1 Overview

The H85/2633 Series has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU, DTC, and DMAC which perform read/write operations when
they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus request acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

7.11.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(Highy DMAC > DTC > CPU (Low)

Aninternal bus access by an internal bus master, external bus release, and refresh can be executed
inparald.

In the event of simultaneous external bus rel ease request, refresh request, and internal bus master
external access request generation, the order of priority is asfollows:

When CBRM=1

(High) Refresh > External bus release > External access by internal bus master (Low)
When CBRM=0

(High) Refresh > External bus release (Low)

(High) External bus release > External access by internal bus master (Low)
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7.11.3 BusTransfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC
and DMAC, the bus arbiter transfers the bus to the bus master that issued the request. The timing
for transfer of the busisasfollows:

» Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations. See Appendix A.5, Bus States During Instruction Execution, for timings at
which the busis not transferred.

» If the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during a register
information read (3 states), asingle data transfer, or aregister information write (3 states).

DMAC: When a start request occurs, the DMAC requests the bus arbiter for bus privileges.

The DMAC releases bus privileges on completion of one transmission in short address mode,
normal mode external requests, and cycle steal mode.

The DMAC releases the bus on completion of the transmission of one block in block transmission
mode, or after atransmission in burst mode.

712 Resatsand the Bus Controller

In a power-on reset, the H8S/2633 Series, including the bus controller, enters the reset state at that
point, and an executing bus cycle is discontinued.

The bus controller registers and internal states are retained at a manual reset. The current external
bus cycle is executed to completion. The WAIT input isignored. Write datais not retained. Also,
because the DMAC* isinitialized at amanual reset, DACK* and TEND* outputs are disabled and
function as 1/0 ports controlled by DDR and DR.

Note: * This function is not available in the H8S/2695.
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8.1

Section8 DMA Controller (DMAC)
(This function is not available in the H8S/2695)

Overview

The H85/2633 Series has a built-in DMA controller (DMAC) which can carry out data transfer on
up to 4 channels.

811

Features

The features of the DMAC are listed below.

» Choice of short address mode or full address mode
Short address mode

U
g
U

g

g
U

Maximum of 4 channels can be used
Choice of dual address mode or single address mode

In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as16 bits

In single address mode, transfer source or transfer destination address only is specified as
24 hits

In single address mode, transfer can be performed in one bus cycle

Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

Full address mode

U
g
U

Maximum of 2 channels can be used
Transfer source and transfer destination address specified as 24 bits
Choice of normal mode or block transfer mode

» 16-Mbyte address space can be specified directly
» Byteor word can be set as the transfer unit

» Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)

g
U

g

O

Six 16-bit timer-pulse unit (TPU) compare match/input capture interrupts

Serial communication interface (SCI0, SCI1) transmit-data-empty interrupt, reception
complete interrupt

A/D converter conversion end interrupt
External request
Auto-request
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* Module stop mode can be set

O Theinitial setting enables DMAC registers to be accessed. DMAC operation is halted by
setting modul e stop mode

8.1.2 Block Diagram

A block diagram of the DMAC is shown in figure 8-1.

Internal address bus

Internal interrupts

TGIOA —» I — Address buffer K

L -

TGI3A . ﬁ Processor

TGI4A — =

TGISA —» 3 MAROA

o S ol & IOAROA "

D E— Control logic 3| 5| ETCROA %

%:1 T HE MAROB ks
External pins o | © % IOAROB 2

BEES? :: DMAWER G ETCROB §

TENDO = DMATCR g MARIA

DACKO — | DMACROA - £ IOAR1A

DACK] -~ DMACROB S| 5] ETCR1A
Interrupltjzgl%acl)ik DMACRIA g % MAR1B

DENDOB ~—| DMACR1B % IOAR1B

BE“B%Q: + DMABCR 5 ETCRI1B

| Data buffer |

0

Internal data bus

Legend
DMAWER : DMA write enable register
DMATCR : DMA terminal control register
DMABCR : DMA band control register (for all channels)
DMACR : DMA control register
MAR : Memory address register
IOAR : I/O address register
ETCR : Executive transfer counter register

Figure8-1 Block Diagram of DMAC
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8.1.3 Overview of Functions

Tables 8-1 (1) and (2) summarize DMAC functionsin short address mode and full address mode,
respectively.

Table 8-1 (1)

Overview of DMAC Functions (Short Address M ode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode e TPUchannel0to 24/16 16/24
* Sequential mode 5 compare
O 1-byte or 1-word transfer match/ inpgt
executed for one transfer request ~ Capture Ainterrupt
0 Memory address » SCI transmit-data-
incremented/decremented by 1 empty interrupt
or2 » SClI reception
O 1 to 65536 transfers complete interrupt
« Idle mode » A/D converter
O 1-byte or 1-word transfer .conversion end
executed for one transfer request Interrupt
0 Memory address fixed * Extemal request
O 1to 65536 transfers
* Repeat mode
0 1-byte or 1-word transfer
executed for one transfer request
0 Memory address incremented/
decremented by 1 or 2
O After specified number of
transfers (1 to 256), initial state is
restored and operation continues
Single address mode « External request 24/DACK DACK/24

1-byte or 1-word transfer executed
for one transfer request

Transfer in 1 bus cycle using DACK
pin in place of address specifying I/0
Specifiable for sequential, idle, and
repeat modes
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Table8-1(2) Overview of DMAC Functions (Full Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination

« Normal mode « Auto-request 24 24
Auto-request
O Transfer request retained
internally
O Transfers continue for the
specified number of times (1 to
65536)
O Choice of burst or cycle steal
transfer

External request » External request
O 1-byte or 1-word transfer

executed for one transfer request
O 1to 65536 transfers

+ Block transfer mode + TPUchannelOto 24 24
O Specified block size transfer 5 compare
executed for one transfer request match/input
O 1 to 65536 transfers capture A interrupt

» SCI transmit-data-
empty interrupt

O Either source or destination
specifiable as block area

O Block size: 1 to 256 bytes or - Sc recep.tion
words complete interrupt

» External request

» A/D converter
conversion end
interrupt
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8.14 Pin Configuration

Table 8-2 summarizes the DMAC pins.

In short address mode, external request transfer, single address transfer, and transfer end output

are not performed for channel A.

The DMA transfer acknowledge function is used in channel B single address mode in short

address mode.

When the DREQ pin is used, do not designate the corresponding port for output.

With regard to the DACK pins, setting single address transfer automatically sets the corresponding
port to output, functioning asa DACK pin.

With regard to the TEND pins, whether or not the corresponding port is used asa TEND pin can
be specified by means of aregister setting.

Table82 DMAC Pins
Channel  Pin Name Symbol I/0 Function
0 DMA request 0 DREQO Input DMAC channel 0 external
request
DMA transfer acknowledge 0 DACKO Output DMAC channel 0 single address
transfer acknowledge
DMA transfer end O TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external

request

DMA transfer acknowledge 1

Output

DMAC channel 1 single address
transfer acknowledge

DMA transfer end 1

Output

DMAC channel 1 transfer end
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8.1.5 Register Configuration
Table 8-3 summarizes the DMAC registers.

Table8-3 DMAC Registers

Channel Name Abbreviation R/W l\?:llua; Address* Bus Width
0 Memory address register OA MAROA R/W Undefined H'FEEO 16 bits
I/O address register 0A IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register 0A ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 bits
I/O address register OB IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register 0B ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bits
I/O address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined HFEF8 16 bits
I/O address register 1B IOAR1B R/W Undefined H'FEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FF60 8 bits
DMA terminal control register DMATCR R/W H'00 HFF61 8 bits
DMA control register 0A DMACROA R/W  H'00 H'FF62 16 bits
DMA control register 0B DMACROB R/W H'00 H'FF63 16 bits
DMA control register 1A DMACR1A R/W H'00 H'FF64 16 bits
DMA control register 1B DMACR1B R/W  H'00 H'FF65 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF66 16 bits
Module stop control register A MSTPCRA R/W H'3F H'FDE8 8 bits

Note: * Lower 16 bits of the address.
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8.2 Register Descriptions (1) (Short Address Mode)

Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bit in DMABCR to
0, as shown in table 8-4. Short address mode or full address mode can be selected for channels 1
and 0 independently by means of bits FAE1 and FAEOQ.

Table8-4 Short AddressMode and Full Address Mode (For 1 Channel: Example of

Channel 0)

FAEO Description

Short address mode specified (channels A and B operate independently)

MAROA

IOAROA

-«—— Specifies transfer source/transfer destination address
-«—— Specifies transfer destination/transfer source address

ETCROA

-e.— Specifies number of transfers

DMACROA

MAROB
I0OAROB
ETCROB

-«—— Specifies transfer size, mode, activation source, etc.

-4— Specifies transfer source/transfer destination address
-4—— Specifies transfer destination/transfer source address
-4— Specifies number of transfers

[DMACROB

-4—— Specifies transfer size, mode, activation source, etc.

‘ g ‘Channel 0B ‘ ‘Channel 0A
)

MAROA
MAROB

IOAROA
IOAROB
ETCROA
ETCROB
DMACROADMACRO0B

Channel 0

ddress mode specified (channels A and B operate in combination)

-«—— Specifies transfer source address
-«—— Specifies transfer destination address
-«—— Not used

-«—— Not used

-4—— Specifies number of transfers

~«— Specifies number of transfers (used in block transfer
mode only)

-4— Specifies transfer size, mode, activation source, etc.
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821 Memory Address Registers (MAR)

Bit : 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I e e el e e e et O R O R O O R
Initial value: 0 O 0O O 0O O o o ~* * * * * * * *
R/W . - - - — — — — — R/WR/WR/WR/W R/W R/W R/W R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
waR sl
Inltlal Value * * * * * * * * * * * * * * * *
R/W : R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

MAR is a 32-bit readable/writable register that specifies the transfer source address or destination
address.

The upper 8 bits of MAR are reserved: they are always read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bitin DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 8.2.4, DMA Control
Register (DMACR).

MAR isnot initialized by areset or in standby mode.
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822  1/0 AddressRegister (IOAR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
0AR | | | | | || | |
Initial value :  *  * % *x  x  x ok x x ok  x ok x x % %
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

IOAR is a16-bit readable/writable register that specifies the lower 16 bits of the transfer source
address or destination address. The upper 8 bits of the transfer address are automatically set to
H'FF.

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bitin DMACR.

IOAR isinvalid in single address mode.

IOAR is not incremented or decremented each time atransfer is executed, so that the address
specified by IOAR isfixed.

IOAR isnot initialized by areset or in standby mode.

8.2.3 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The setting of
thisregister is different for sequential mode and idle mode on the one hand, and for repeat mode
on the other.

(1) Sequential Modeand Idle Mode

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
erer x| | [ [ [ L L
nitial value : % * ¥ %+ * x » x x % x * x x =
RIW . RIW R/W RIW RW RIW R/W RIW RIW RIW R/W RIW RIW RIW RW RIW RW
*: Undefined

In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter (with a count range
of 1to 65536). ETCR is decremented by 1 each time atransfer is performed, and when the count
reaches H'0000, the DTE bit in DMABCR is cleared, and transfer ends.
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(2) Repeat Mode

Transfer Number Storage

Bit .15 14 13 12 11 10 9 8
ETCRH | | | | | | | | |
Initial value : ~ * * x * x x * *
RIW . RW RW RW RW RW RW RW  RW

Transfer Counter

Bit : 7 6 5 4 3 2 1 0
ETCRL | | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

*: Undefined

In repeat mode, ETCR functions as transfer counter ETCRL (with a count range of 1 to 256) and
transfer number storage register ETCRH. ETCRL is decremented by 1 each time atransfer is
performed, and when the count reaches H'00, ETCRL is loaded with the value in ETCRH. At this
point, MAR is automatically restored to the value it had when the count was started. The DTE bit
in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE bit is
cleared by the user.

ETCR isnot initialized by areset or in standby mode.

824 DMA Control Register (DMACR)

Bit L7 6 5 4 3 2 1 0
DMACR :| DTSz | DTID | RPE | DTDIR | DTF3 | DTF2 | DTFL | DTFO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMACR is an 8-hit readable/writable register that controls the operation of each DMAC channel.

DMACR isinitialized to H'00 by areset, and in standby mode.
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Bit 7—Data Transfer Size (DT SZ): Selects the size of datato be transferred at one time.

Bit 7

WDescription

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selectsincrementing or decrementing of
MAR every datatransfer in sequential mode or repeat mode.

Inidle mode, MAR is neither incremented nor decremented.

Bit 6

WDescription

0 MAR is incremented after a data transfer (Initial value)
« When DTSZ = 0, MAR is incremented by 1 after a transfer
« When DTSZ = 1, MAR is incremented by 2 after a transfer

1 MAR is decremented after a data transfer

 When DTSZ = 0, MAR is decremented by 1 after a transfer
e When DTSZ = 1, MAR is decremented by 2 after a transfer

Bit 5—Repeat Enable (RPE): Used in combination with the DTIE bit in DMABCR to select the
mode (sequential, idle, or repeat) in which transfer isto be performed.

Bit 5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 8.5.2, Sequential Mode,
section 8.5.3, Idle Mode, and section 8.5.4, Repeat Mode.

Bit 4—Data Transfer Direction (DTDIR): Used in combination with the SAE bitin DMABCR
to specify the data transfer direction (source or destination). The function of this bit is therefore
different in dual address mode and single address mode.
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DMABCR Bit4

SAE DTDIR Description

0 0 Transfer with MAR as source address and IOAR as destination
address (Initial value)
Transfer with IOAR as source address and MAR as destination address

1 0 Transfer with MAR as source address and DACK pin as write strobe

Transfer with DACK pin as read strobe and MAR as destination address

Bits 3to 0—Data Transfer Factor (DTF3to DTFO0): These bits select the data transfer factor
(activation source). There are some differences in activation sources for channel A and for channel

B.
Channel A
Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 —
1 —
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel O reception complete interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 —
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Channel B

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description
0 0 0

— (Initial value)

Activated by A/D converter conversion end interrupt

Activated by DREQ pin falling edge input*

Activated by DREQ pin low-level input

Activated by SCI channel 0 transmit-data-empty interrupt

Activated by SCI channel 0 reception complete interrupt

Activated by SCI channel 1 transmit-data-empty interrupt

Activated by SCI channel 1 reception complete interrupt

A
o
oO|lr|O|r|O|F | O|+—,|O

Activated by TPU channel 0 compare match/input capture
A interrupt

1 Activated by TPU channel 1 compare match/input capture
A interrupt

1 0 Activated by TPU channel 2 compare match/input capture
A interrupt

1 Activated by TPU channel 3 compare match/input capture
A interrupt

1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt

1 Activated by TPU channel 5 compare match/input capture
A interrupt

1 0 —
1 J—
Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channdl priorities,
see section 8.5.13, DMAC Multi-Channel Operation.
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8.25 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH: | FAEL | FAEO | SAEL | SAEO | DTAIB | DTAIA | DTAOB | DTAOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW
Bit L7 6 5 4 3 2 1 0
DMABCRL : | DTE1B | DTEIA | DTEOB | DTEOA | DTIEB | DTIEIA| DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMABCR is a 16-hit readable/writable register that controls the operation of each DMAC
channel.

DMABCRI isinitialized to H'0000 by areset, and in standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In short address mode, channels 1A and 1B are used as independent channels.

Bit 15

FAE1l Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEOQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In short address mode, channels OA and OB are used as independent channels.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bit 13—Single Address Enable 1 (SAE1): Specifies whether channel 1B isto be used for
transfer in dual address mode or single address mode.

Bit 13

SAE1l Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thisbitisinvalid in full address mode.

Bit 12—Single Address Enable 0 (SAEOQ): Specifies whether channel 0B isto be used for
transfer in dual address mode or single address mode.

Bit 12

SAEO Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thisbitisinvalid in full address mode.

Bits 11 to 8—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
Setting.

When DTE =1 and DTA =1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, theinterna
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE =1 and DTA =0, the internal interrupt source selected by the data transfer factor
setting is not cleared when atransfer is performed, and can issue an interrupt request to the CPU
or DTCin parallel. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE =0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.

Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1B data transfer
factor setting.
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Bit 11
DTA1B Description

0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTA1A): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1A datatransfer
factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge OB (DTAOB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OB data transfer
factor setting.

Bit 9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 8—Data Transfer Acknowledge OA (DTAOA): Enables or disables clearing, when DMA
transfer is performed, of theinternal interrupt source selected by the channel OA data transfer
factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
an internal interrupt, an interrupt request isissued to the CPU or DTC. If the DTIE bitissetto 1
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when DTE = 0, the DMAC regards this asindicating the end of atransfer, and issues a transfer
end interrupt request to the CPU or DTC.

The conditions for the DTE hit being cleared to O are as follows:

e Wheninitiaization is performed

*  When the specified number of transfers have been completed in a transfer mode other than
repeat mode

*  When Oiswritten to the DTE hit to forcibly abort the transfer, or for asimilar reason

When DTE = 1, datatransfer is enabled and the DMAC waits for arequest by the activation
source selected by the data transfer factor setting. When arequest isissued by the activation
source, DMA transfer is executed.

The condition for the DTE bit being set to 1 is as follows:
*  When 1liswritten to the DTE bit after the DTE bitisread as0

Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables data transfer on channel 1A.

Bit 6

DTE1A Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable 0B (DTEOB): Enables or disables data transfer on channel 0B.

Bit 5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable OA (DTEOA): Enables or disables data transfer on channel OA.
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Bit 4
DTEOA Description

0 Data transfer disabled (Initial value)

1 Data transfer enabled

Bits3to 0—Data Transfer End Interrupt Enable (DTIE): These bits enable or disable an
interrupt to the CPU or DTC when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the
DMAC regards this asindicating the end of atransfer, and issues atransfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 3—Data Transfer End Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B
transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 2—Data Transfer End Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A
transfer end interrupt.

Bit 2

mDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 1—Data Transfer End Interrupt Enable OB (DTIEOB): Enables or disables the channel 0B
transfer end interrupt.

Bit 1

WDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer End Interrupt Enable OA (DTIEOA): Enables or disables the channel 0A
transfer end interrupt.
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Bit 0
DTIEOA Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

8.3 Register Descriptions (2) (Full Address Mode)

Full address mode transfer is performed with channels A and B together. For details of full address
mode setting, see table 8-4.

831 Memory Address Register (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e e e R
Initial value: 0 0 0O O 0 0 0 O * * * * * * * *
R/W . - - - - — — — — R/WR/WR/WR/W R/W R/W R/W R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wee [ L[
Inltlal Value * * * * * * * * * * * * * * * *
R/W . RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

MAR isa32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are
reserved: they are always read as 0, and cannot be modified.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
source or destination memory address can be updated automatically. For details, see section 8.3.4,
DMA Control Register (DMACR).

MAR isnot initialized by areset or in standby mode.

832 /0 Address Register (IOAR)

IOAR isnot used in full address transfer.
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8.3.3 Execute Transfer Count Register (ETCR)

ETCR isa 16-bit readable/writable register that specifies the number of transfers. The function of
thisregister is different in normal mode and in block transfer mode.

ETCR isnot initialized by areset or in standby mode.
(1) Normal Mode
ETCRA

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ere x| | [ [ [ L L L[
nitial value: %+ ¥ * % x + x x + * x x x =
RIW . RIW RIW RAW RIW RIW RIW R/W RIW RIW RAW R/W RIW RIW R/W RIW RIW
*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time atransfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not used
at thistime.

ETCRB
ETCRB isnot used in normal mode.
(2) Block Transfer Mode

ETCRA

Holds block size

Bit : 15 14 13 12 11 10 9 8
ETCRAH | | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block size counter

Bit : 7 6 5 4 3 2 1 0
ETCRAL | | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
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ETCRB

Block Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ercre < | 0 L L
Initial Value: * * * * * * * * * * * * * * * *
RIW © RIW RIW RW R/W RIW RIW R/W R/W RIW RIW R/W R/W RIW RIW R/W R/W

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the
block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is performed, and when
the count reaches H'00, ETCRAL isloaded with the value in ETCRAH. So by setting the block
sizein ETCRAH and ETCRAL, it is possible to repeatedly transfer blocks consisting of any
desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-hit block transfer counter. ETCRB is
decremented by 1 each time a block istransferred, and transfer ends when the count reaches
H'0000.

834 DMA Control Register (DMACR)

DMACR is a 16-bit readable/writable register that controls the operation of each DMAC channel.
In full address mode, DMACRA and DMACRB have different functions.

DMACR isinitialized to H'0000 by areset, and in standby mode.

DMACRA
Bit .15 14 13 12 11 10 9 8
DMACRA :‘ DTSZ ‘ SAID ‘ SAIDE ‘BLKDIR’ BLKE ] — \ — \ — \
Initial value : 0 0 0 0 0 0 0 0
RIW - RW RW  RW RW  RW RW  RW RIW
DMACRB
Bit : 7 6 5 4 3 2 1 0
DMACRB :‘ — ‘ DAID ‘ DAIDE ‘ — ] DTF3 ] DTF2 \ DTF1 \ DTFO \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW  RW RW  RW RW  RW RIW
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Bit 15—Data Transfer Size (DTSZ): Selects the size of datato be transferred at one time.

Bit 15

WDescription

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 14—Sour ce Addr ess I ncr ement/Decr ement (SAID)

Bit 13—Source Addr ess | ncrement/Decr ement Enable (SAIDE): These bits specify whether
source address register MARA isto be incremented, decremented, or |eft unchanged, when data
transfer is performed.

Bit 14 Bit 13
SAID SAIDE Description
0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer
e When DTSZ = 0, MARA is incremented by 1 after a transfer
e When DTSZ = 1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed
1 MARA is decremented after a data transfer

¢ When DTSZ = 0, MARA is decremented by 1 after a transfer
e When DTSZ = 1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Bit 11—Block Enable (BLKE): These hits specify whether normal mode or block transfer mode
isto be used. If block transfer mode is specified, the BLKDIR bit specifies whether the source side
or the destination side is to be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 8.5, Operation.
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Bits 10 to 7—Reserved: Can be read or written to.
Bit 6—Destination Address I ncrement/Decrement (DAID)

Bit 5—Destination Address I ncrement/Decrement Enable (DAIDE): These bits specify
whether destination address register MARB isto be incremented, decremented, or left unchanged,
when data transfer is performed.

Bit 6 Bit 5
DAID DAIDE Description
0 0 MARSB is fixed (Initial value)
1 MARSB is incremented after a data transfer
e When DTSZ =0, MARB is incremented by 1 after a transfer
« When DTSZ =1, MARB is incremented by 2 after a transfer
1 0 MARSB is fixed

MARB is decremented after a data transfer
e When DTSZ = 0, MARB is decremented by 1 after a transfer
* When DTSZ =1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Can be read or written to.

Bits 3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor
(activation source). The factors that can be specified differ between normal mode and block
transfer mode.

e Normal Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 —
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 * —
0 Auto-request (cycle steal)
1 Auto-request (burst)
1 * * * _
*: Don't care
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* Block Transfer Mode

Bit 3 Bit 2 Bit 1 Bit 0

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input*
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel 0 reception complete interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 —

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channd priorities,
see section 8.5.13, DMAC Multi-Channel Operation.

264

RENESAS



8.35 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH: | FAEL | FAEO | — | — | DTAL | — | DTAO | — |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW
Bit L7 6 5 4 3 2 1 0
DMABCRL : | DTME1 | DTE1 | DTMEO| DTEO | DTIEIB | DTIEIA| DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMABCR is a 16-hit readable/writable register that controls the operation of each DMAC
channel.

DMABCR isinitialized to H'0000 by areset, and in standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In full address mode, channels 1A and 1B are used together as a single channel.

Bit 15

FAE1l Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEOQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In full address mode, channels OA and OB are used together as a single channel.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode
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Bits 13 and 12—Reserved: Can be read or written to.

Bits 11 and 9—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
Setting.

When DTE =1 and DTA =1, theinternal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA =1, theinternal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When the DTE = 1 and the DTA =0, the internal interrupt source selected by the data transfer
factor setting is not cleared when atransfer is performed, and can issue an interrupt request to the
CPU or DTC in paralédl. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When the DTE = 0, the internal interrupt source selected by the data transfer factor setting issues
an interrupt request to the CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTAL): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1 data transfer factor
setting.

Bit 11
DTA1 Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge O (DTAOQ): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 0 data transfer factor
Setting.

Bit 9
DTAO Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bits 10 and 8—Reserved: Can be read or written to.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits
control enabling or disabling of datatransfer on the relevant channel. When both the DTME bit
and the DTE bit are set to 1, transfer is enabled for the channel.

If the relevant channel isin the middle of a burst mode transfer when an NMI interrupt is
generated, the DTME bit is cleared, the transfer isinterrupted, and bus mastership passes to the
CPU. When the DTME bit is subsequently set to 1 again, the interrupted transfer is resumed. In
block transfer mode, however, the DTME bit is not cleared by an NMI interrupt, and transfer is
not interrupted.

The conditions for the DTME bit being cleared to 0 are as follows:

*  Wheninitidization is performed
e When NMI isinput in burst mode
*  When O iswritten to the DTME bit

The condition for DTME being set to 1 isasfollows:
*  When 1iswrittento DTME after DTME isread asO

Bit 7—Data Transfer Master Enable 1 (DTMEZL): Enables or disables data transfer on channel
1

Bit 7
DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMl interrupt  (Initial value)

1 Data transfer enabled

Bit 5—Data Transfer Master Enable 0 (DTMEQ): Enables or disables data transfer on channel
0.

Bit 5
DTMEO Description

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt  (Initial value)

1 Data transfer enabled
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Bits6 and 4—Data Transfer Enable (DTE): When DTE = 0, datatransfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
aninternal interrupt, an interrupt request isissued to the CPU or DTC. If the DTIE hitissetto 1
when DTE = 0, the DMAC regards this as indicating the end of atransfer, and issues a transfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to 0 are as follows:

*  Wheninitidlization is performed
*  When the specified number of transfers have been completed
*  When Oiswritten to the DTE hit to forcibly abort the transfer, or for asimilar reason

When DTE =1 and DTME = 1, datatransfer is enabled and the DMAC waits for arequest by the
activation source selected by the data transfer factor setting. When arequest isissued by the
activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 isasfollows:
*  When 1iswritten to the DTE bit after the DTE bit isread as0

Bit 6—Data Transfer Enable 1 (DTE1): Enables or disables data transfer on channel 1.

Bit 6

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0 (DTEO): Enables or disables data transfer on channel 0.

Bit 4

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an
interrupt to the CPU or DTC when transfer is interrupted. If the DTIEB bit is set to 1 when
DTME = 0, the DMAC regards this as indicating a break in the transfer, and issues a transfer
break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB hit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.
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Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1
transfer break interrupt.

Bit 3

mDescription

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel 0
transfer break interrupt.

Bit 1

DTIEOB Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable
an interrupt to the CPU or DTC when transfer ends. If DTIEA bit isset to 1 when DTE = 0, the
DMAC regards this as indicating the end of atransfer, and issues atransfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE hit to 1.

Bit 2—Data Transfer End Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1
transfer end interrupt.

Bit 2

WDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer End Interrupt Enable OA (DTIEOA): Enables or disables the channel 0
transfer end interrupt.

Bit 0

mDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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84 Register Descriptions (3)

84.1 DMA Write Enable Register (DM AWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the
transfer ended using a DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that only specific bits of DMACR for the specific channel and also DMATCR and DMABCR
can be changed to prevent inadvertent changes being made to registers other than those for the
channel concerned. Therestrictions applied by DMAWER are valid for the DTC.

Figure 8-2 shows the transfer areas for activating the DTC with achannel OA transfer end
interrupt, and reactivating channel OA. The address register and count register areais re-set by the
first DTC transfer, then the control register areais re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bitsin DMAWER to prevent
modification of the contents of the other channels.

MAROA

First transfer area

IOAROA

ETCROA

MAROB

I0AROB

ETCROB

MARI1A

DTC

IOAR1A

ETCRI1A

MAR1B

I0AR1B

ETCR1B

DMAWER DMATCR

DMACROA DMACROB

DMACR1A DMACR1B

Second transfer area
using chain transfer

DMABCR
I

Figure8-2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)
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Bit : 7 6 5 4 3 2 1 0

DMAWER :‘ — ‘ — ‘ — ‘ — ] WE1B ] WE1A \ WEOB \ WEOA \
Initial value : 0 0 0 0 0 0 0 0
RIW S — — — RIW RW  RW RIW

DMAWER is an 8-hit readable/writable register that controls enabling or disabling of writesto the
DMACR, DMABCR, and DMATCR by the DTC.

DMAWER isinitialized to H'00 by areset, and in standby mode.
Bits 7 to 4—Reserved: These bits are aways read as 0 and cannot be modified.

Bit 3—Write Enable 1B (WE1B): Enables or disables writesto all bitsin DMACRI1B, bits 11, 7,
and 3in DMABCR, and bit 5in DMATCR by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACRI1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are disabled (Initial value)

1 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disables writesto all bitsin DMACR1A, and bits
10, 6, and 2 in DMABCR by the DTC.

Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled

Bit 1—Write Enable OB (WEOB): Enables or disables writesto all bitsin DMACROB, bits 9, 5,
and 1in DMABCR, and bit 4in DMATCR.

Bit 1
WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are enabled
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Bit 0—WTrite Enable OA (WEOA): Enables or disables writesto all bitsin DMACROA, and bits
8,4, and 0in DMABCR.

Bit 0
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled

Writes by the DTC to hits 15to 12 (FAE and SAE) in DMABCR are invalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

In writesby the DTC to bits 7 to 4 (DTE) in DMABCR, 1 can be written without first reading O.
To reactivate a channel set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.

84.2 DMA Terminal Control Register (DMATCR)

Bit L7 6 5 4 3 2 1 0
DMATCR :| — | — | TEEL | TEEO | — | — [ — | — |
Initial value : 0 0 0 0 0 0 0 0
RIW - _ RW  RW — _ _ _

DMATCR is an 8-hit readable/writable register that controls enabling or disabling of DMAC
transfer end pin output. A port can be set for output automatically, and atransfer end signal output,
by setting the appropriate bit.

DMATCR isinitialized to H'00 by areset, and in standby mode.

Bits 7 and 6—Reserved: These bits are always read as 0 and cannot be modified.

Bit 5—Transfer End Enable 1 (TEEL): Enables or disables transfer end pin 1 (TEND1) output.

Bit 5

TEE1 Description

0 TEND1 pin output disabled (Initial value)
1 TEND1 pin output enabled
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Bit 4—Transfer End Enable 0 (TEEQ): Enables or disablestransfer end pin 0 (TENDO) output.

Bit 4

WDescription

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled

The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cycle in which the transfer counter reached 0,
regardless of the transfer source. An exception is block transfer mode, in which the transfer end
signal indicates the transfer cycle in which the block counter reached 0.

Bits 3 to 0—Reserved: These bits are always read as 0 and cannot be modified.

84.3 Module Stop Control Register (MSTPCR)

Bit L7 6 5 4 3 2 1 0

| MSTPA7| MSTPAG| MSTPAS | MSTPA4| MSTPA3| MSTPA2| MSTPA1| MSTPAO|
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

MSTPCRA is a 8-hit readable/writable register that performs modul e stop mode control.

When the MSTPA7 bitin MSTPCR is set to 1, the DMAC operation stops at the end of the bus
cycle and atransition is made to module stop mode. For details, see section 24.5, Module Stop
Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It isnot initialized by a
manual reset and in software standby mode.

Bit 7—Module Stop (M STP7): Specifies the DMAC module stop mode.

Bits 7

MSTPA7  Description

0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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8.5 Operation

85.1 Transfer Modes
Table 8-5 liststhe DMAC modes.
Table85 DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual (1) Sequential mode « TPU channel 0to 5 Up to 4 channels can
address address (2) Idle mode compare match/input operate independently
mode mode (3) Repeat mode capture A interrupt External request
e SCl transmit-data-empty  applies to channel B
interrupt only
* SCI reception complete Single address mode
interrupt applies to channel B
» A/D converter only
conversion end Modes (1), (2), and (3)
interrupt can also be specified
« External request for single address
mode
(4) Single address mode
Full address (5) Normal mode  « External request Max. 2-channel
mode «  Auto-request operation, combining
channels A and B
(6) Block transfer e TPUchannel0to 5 With auto-request,
mode compare match/input burst mode transfer or
capture A interrupt cycle steal transfer
« SCl transmit-data-empty ~ can be selected
interrupt
* SClI reception complete
interrupt
* A/D converter
conversion end interrupt
e External request
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Operation in each mode is summarized below.

(1) Sequential mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer direction is programmable.

(2) Idle mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer source address and transfer destination address are fixed. The
transfer direction is programmable.

(3) Repeat mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or one word at atime. When the specified number of transfers have been completed, the
addresses and transfer counter are restored to their original settings, and operation is continued.
No interrupt request is sent to the CPU or DTC. One address is specified as 24 hits, and the
other as 16 bits. The transfer direction is programmable.

(4) Single address mode

In response to a single transfer request, the specified number of transfers are carried out
between external memory and an external device, one byte or one word at atime. Unlike dual
address mode, source and destination accesses are performed in parallel. Therefore, either the
source or the destination is an external device which can be accessed with a strobe alone, using
the DACK pin. One addressis specified as 24 bits, and for the other, the pin is set
automatically. The transfer direction is programmable.

Modes (1), (2) and (3) can aso be specified for single address mode.

(5) Normal mode

Auto-request

By means of register settings only, the DMAC is activated, and transfer continues until the
specified number of transfers have been completed. An interrupt request can be sent to the
CPU or DTC when transfer is completed. Both addresses are specified as 24 bits.

0 Cyclestea mode: The busisreleased to another bus master every byte or word transfer.

0 Burst mode: Thebusisheld and transfer continued until the specified number of transfers
have been completed.
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» External request
In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. Both addresses are specified as 24 bits.

(6) Block transfer mode
In response to a single transfer request, a block transfer of the specified block sizeis carried
out. Thisis repeated the specified number of times, once each time there is atransfer request.
At the end of each single block transfer, one address is restored to its original setting. An
interrupt request can be sent to the CPU or DTC when the specified number of block transfers
have been completed. Both addresses are specified as 24 bits.

85.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and thisis
executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bitin DMACR.

Table 8-6 summarizes register functions in sequential mode.

Table8-6 Register Functionsin Sequential Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
| i MAR | address address transfer destination decremented every
register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
| HEF | IOAR | address address transfer source or
register register transfer destination
15 . 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend

MAR : Memory address register
IOAR :I/O address register
ETCR : Transfer count register
DTDIR : Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.

|OAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

Figure 8-3 illustrates operation in sequential mode.

/\/ /\/

Address T —m= |-t |OAR

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T=L
\j Address B =L + (=1)DTID . (2DTSZ . (N-1))
Where : L = Value set in MAR
N = Value set in ETCR

Address B ——m»|

/\_/

Figure8-3 Operation in Sequential M ode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 eachtime a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.
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Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

Figure 8-4 shows an example of the setting procedure for sequential mode.

» Clear the FAE bit to 0 to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

. ) [1] Set each bit in DMABCRH.
Sequential mode setting

Set DMABCRH [1] [2] Set the transfer source address and transfer

destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.

Set transfer source
and transfer destination 2] [4] Set each bitin DMACR.
addresses « Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
decremented with the DTID bit.
» Clear the RPE bit to 0 to select sequential

Set number of transfers | [3] mode.
» Specify the transfer direction with the DTDIR
bit.
» Select the activation source with bits DTF3 to
Set DMACR [4] DTFO.

[5] Read the DTE bitin DMABCRL as 0.

[6] Set each bitin DMABCRL.

» Specify enabling or disabling of transfer end
Read DMABCRL (5] interrupts with the DTIE bit.
» Setthe DTE bit to 1 to enable transfer.

Set DMABCRL (6]

Y

< Sequential mode >

Figure8-4 Example of Sequential M ode Setting Procedure
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8.5.3 ldle Mode

Idle mode can be specified by setting the RPE bit and DTIE bitin DMACR to 1. In idle mode, one
byte or word is transferred in response to a single transfer request, and thisis executed the number

of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified

by the DTDIR bit in DMACR.

Table 8-7 summarizes register functionsin idle mode.

Table8-7 Register Functionsin Idle Mode
Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . Source Destination Start address of Fixed
| . MAR address address transfer destination
register register or transfer source
23 15 Destination Source Start address of Fixed
| H'FF | I0AR address address transfer source or
register register transfer destination
15 . Transfer counter Number of transfers Decremented every
| ETCR transfer; transfer
ends when count
reaches H'0000
Legend

MAR : Memory address register

IOAR :1/O address register

ETCR : Transfer count register
DTDIR : Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is

neither incremented nor decremented each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of

H'FF.
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Figure 8-5 illustrates operation in idle mode.

/\/ /\/

MAR — --— IOAR
/\_/ /\_/

1 byte or word transfer performed in
response to 1 transfer request

Figure8-5 Operation in ldle Mode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.
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Figure 8-6 shows an example of the setting procedure for idle mode.

< Idle mode setting >

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

¢

C Idle mode )

(1]

(2]

(3]

[4]

(5]

(6]

(1]

(2]

(3]
[4]

[5]
(6]

Set each bit in DMABCRH.

» Clear the FAE bit to 0 to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and I0AR.

Set the number of transfers in ETCR.

Set each bit in DMACR.

e Set the transfer data size with the DTSZ bit.

« Specify whether MAR is to be incremented or
decremented with the DTID bit.

» Set the RPE bit to 1.

« Specify the transfer direction with the DTDIR
bit.

« Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.
* Setthe DTIE bit to 1.
* Set the DTE bit to 1 to enable transfer.

Figure8-6 Example of Idle M ode Setting Procedure
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854 Repeat Mode

Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE bit to
0. In repeat mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCR. On completion of the
specified number of transfers, MAR and ETCRL are automatically restored to their original
settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified

by the DTDIR bitin DMACR.

Table 8-8 summarizes register functions in repeat mode.

Table88 Register Functionsin Repeat Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
. MAR address address transfer destination decremented every
register register or transfer source  transfer. Initial
setting is restored
when value reaches
H'0000
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed
ETCRH | transfers
Transfer counter Number of transfers Decremented every
7. Y o transfer. Loaded with
ETCRL ETCRH value when
count reaches H'00
Legend
MAR : Memory address register
IOAR : /O address register
ETCR : Transfer count register

DTDIR : Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word is transferred.

|OAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

The number of transfersis specified as 8 bits by ETCRH and ETCRL. The maximum number of
transfers, when H'00 is set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time atransfer is executed, and when its value
reaches H'00, it isloaded with the valuein ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bitsin DMACR. The MAR
restoration operation is as shown below.

MAR = MAR — (-1)°™'° . 2°T2 . ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, you should clear the DTE bit to 0. A transfer end interrupt request is not sent to the CPU
or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the
transfer after that terminated when the DTE bit was cleared.
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Figure 8-7 illustrates operation in repeat mode.

/\/ /\/

Address T —» - |OAR

/\/

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T=L
y Address B =L + (~1)DTID . (2DTSZ . (N-1))
Address B Where : L = Value set in MAR

N = Value set in ETCR

/\/

Figure8-7 Operation in Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.
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Figure 8-8 shows an example of the setting procedure for repeat mode.

( Repeat mode setting>

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

y

< Repeat mode >

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(3]

(4]

(5]
(6]

Set each bitin DMABCRH.

« Clear the FAE bit to 0 to select short address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and IOAR.

Set the number of transfers in both ETCRH and
ETCRL.

Set each bit in DMACR.

e Set the transfer data size with the DTSZ bit.

» Specify whether MAR is to be incremented or
decremented with the DTID bit.

» Setthe RPE hitto 1.

» Specify the transfer direction with the DTDIR
bit.

» Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.
¢ Clear the DTIE bit to 0.
* Set the DTE bit to 1 to enable transfer.

Figure8-8 Example of Repeat Mode Setting Procedure

285

RENESAS




855 Single Address Mode

Single address mode can only be specified for channel B. This mode can be specified by setting
the SAE bitin DMABCR to 1 in short address mode.

One address is specified by MAR, and the other is set automatically to the data transfer
acknowledge pin (DACK). The transfer direction can be specified by the DTDIR in DMACR.

Table 8-9 summarizes register functionsin single address mode.

Table8-9 Register Functionsin Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of *
' MAR | address address transfer destination
register register or transfer source
DACK pin Write Read (Set automatically  Strobe for external
strobe strobe by SAE bit; IOAR is device
invalid)
15 . 0 Transfer counter Number of transfers *
ETCR
Legend

MAR : Memory address register
IOAR : /O address register
ETCR : Transfer count register
DTDIR : Data transfer direction bit
DACK : Data transfer acknowledge

Note: * See the operation descriptions in sections 8.5.2, Sequential Mode, 8.5.3, Idle Mode, and
8.5.4, Repeat Mode.

MAR specifies the start address of the transfer source or transfer destination as 24 bits.

IOAR isinvalid; in its place the strobe for external devices (DACK) is output.
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Figure 8-9 illustrates operation in single address mode (when sequential mode is specified).

Address T —m=

Y

Address B —m=

/\/

/\/

i | - o

1 byte or word transfer performed in
response to 1 transfer request

Legend
Address T =L
Address B = L + (=1)PTID . (2DTSZ . (N-1))
Where : L = Value set in MAR
N = Value set in ETCR

Figure8-9 Operation in Single Address Mode (When Sequential Mode is Specified)
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Figure 8-10 shows an example of the setting procedure for single address mode (when sequential
mode is specified).

< Single address > [1] Set each bit in DMABCRH.
mode setting » Clear the FAE bit to O to select short address
mode.
» Set the SAE bit to 1 to select single address
mode.
Set DMABCRH [1] » Specify enabling or disabling of internal

interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

Set transfer source and

transfer destination [21  [3] Setthe number of transfers in ETCR.
addresses

[4] Set each bit in DMACR.
» Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
Set number of transfers | [3] decremented with the DTID bit.
» Clear the RPE bit to O to select sequential
mode.
» Specify the transfer direction with the DTDIR
bit.
« Select the activation source with bits DTF3 to
DTFO.

Set DMACR (4]

[5] Read the DTE bitin DMABCRL as 0.

Read DMABCRL (5] [6] Set each bit in DMABCRL.

« Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

» Setthe DTE bit to 1 to enable transfer.

Set DMABCRL (6]

Y

<Single address mode >

Figure8-10 Example of Single Address M ode Setting Procedur e (When Sequential Modeis
Specified)
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8.5.6 Normal M ode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bitin DMACRA
to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and thisis executed the number of times specified in ETCRA. The transfer source is
specified by MARA, and the transfer destination by MARB.

Table 8-10 summarizes register functionsin normal mode.

Table8-10 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 . . 0 Source address  Start address of Incremented/decremented
| ' MARA | register transfer source every transfer, or fixed

23 . . 0 Destination Start address of Incremented/decremented
| . MARB | address register transfer destination every transfer, or fixed

15

Transfer counter Number of transfers Decremented every
| ETCRA

transfer; transfer ends
when count reaches
H'0000

—o

Legend

MARA : Memory address register A
MARB : Memory address register B
ETCRA : Transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, and when its value reaches H'0000 the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.
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Figure 8-11 illustrates operation in normal mode.

/\/ /\/

Address Tao —m= ~a— Address Tg

Y Y

Address Bo —m ~— Address Bg

/\/ /\/

Legend
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N-1))
Where : La = Value setin MARA

Lg = Value set in MARB

N =Value setin ETCRA

Figure8-11 Operation in Normal Mode
Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of
transfers are performed automatically. With auto-request, cycle steal mode or burst mode can be
selected. In cycle steal mode, the busis released to another bus master each time atransfer is
performed. In burst mode, the busis held continuously until transfer ends.
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For setting details, see section 8.3.4, DMA Controller Register (DMACR).

Figure 8-12 shows an example of the setting procedure for normal mode.

( Normal mode setting )

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Normal mode )

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(3]
(4]

(5]
(6]

Set each bit in DMABCRH.

e Set the FAE bit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

¢ Set the transfer data size with the DTSZ bit.

« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

¢ Clear the BLKE bit to O to select normal
mode.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

« Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

« Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

¢ Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure8-12 Example of Normal Mode Setting Procedure
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8.5.7 Block Transfer Mode

In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bitin DMABCR and the BLKE bit in
DMACRA to 1.

In block transfer mode, atransfer of the specified block sizeis carried out in response to asingle
transfer request, and thisis executed the specified number of times. The transfer sourceis
specified by MARA, and the transfer destination by MARB. Either the transfer source or the
transfer destination can be selected as a block area (an area composed of a number of bytes or
words).

Table 8-11 summarizes register functionsin block transfer mode.

Table8-11 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address  Start address of Incremented/decremented
| ' MARA ! | register transfer source every transfer, or fixed
23 0 Destination Start address of Incremented/decremented
| \ MARB | address register transfer destination every transfer, or fixed
7 0 Holds block Block size Fixed
ETCRAH| size
Block size Block size Decremented every
7 Y 0 counter transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 . 0 Block transfer Number of block Decremented every block
| ETCRB | counter transfers transfer; transfer ends
when count reaches
H'0000

Legend

MARA : Memory address register A
MARB : Memory address register B
ETCRA : Transfer count register A
ETCRB : Transfer count register B

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time a byte or
word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.
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Whether a block is to be designated for MARA or for MARB is specified by the BLKDIR hit in

DMACRA.

To specify the number of transfers, if M isthe size of one block (where M =1 to 256) and N
transfers are to be performed (where N = 1 to 65,536), M is set in both ETCRAH and ETCRAL,

and N in ETCRB.

Figure 8-13 illustrates operation in block transfer mode when MARB is designated as a block area.

T~

Address Ty —m=1

1st block

Consecutive transfer
of M bytes or words
__| is performed in
response to one
request

2nd block

Nth block

Y

Address By —m=

/\/

Legend
Address Ta = La
Address Tg = Lp
Address Ba = La + SAIDE - (-1)SAID . (2DTSZ . (M-N-1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N-1))
Where : La = Value set in MARA

Lg = Value setin MARB

N =Value setin ETCRB

M =Value setin ETCRAH and ETCRAL

/\/

Block area

/\/

~— Address Tg

)

-a— Address Bg

Figure8-13 Operation in Block Transfer Mode (BLKDIR = 0)
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Figure 8-14 illustrates operation in block transfer mode when MARA is designated as a block
area.

Address Ta —

Address BA —m

I/_\/

Block area

Legend
Address Ta =La
Address Tg =Lp

/\/

Consecutive transfer|
of M bytes or words
is performed in
response to one
request

Address Ba = La + SAIDE - (-1)SAID . (2DTSZ . (N-1))

Address Bg = Lg + DAIDE  (—1)DAID . (2DTSZ . (M:N-1))

Where : La = Value setin MARA
Lg = Value setin MARB
N = Value setin ETCRB
M = Value setin ETCRAH and ETCRAL

/\/

1st block

2nd block

Nth block

-a— Address Tg

Y

-a— Address Bg
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ETCRAL isdecremented by 1 each time a byte or word transfer is performed. In response to a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL isthen loaded with the valuein ETCRAH. At thistime, the value in the MAR register
for which ablock designation has been given by the BLKDIR bit in DMACRA isrestored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.

ETCRB is decremented by 1 every block transfer, and when the count reaches H'0000 the DTE bit
is cleared and transfer ends. If the DTIE bit is set to 1 at this point, an interrupt request is sent to
the CPU or DTC.

Figure 8-15 shows the operation flow in block transfer mode.
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Start
(DTE=DTME =1)

No

Transfer request?

Acquire bus

[
[—=

| Read address specified by MARA |
\
| MARA=MARA+SAIDE-(—1)SAID.2DTSZ |

| Write to address specified by MARB |

\
| MARB=MARB-+DAIDE (—1)DAID .2DTsZ |

\
ETCRAL=ETCRAL-1

No

ETCRAL=H'00

Yes

Release bus

\
| ETCRAL=ETCRAH |

BLKDIR=0 No

Yes

| MARB=MARB—DAIDE (~1)PAID.2DTSZ.ETCRAH |
|

Y

| MARA=MARA—SAIDE (—1)SAID.2DTSZ.ETCRAH |
4>‘

ETCRB=ETCRB-1

No ETCRB=H'0000

Clear DTE bitto 0
to end transfer

Figure8-15 Operation Flow in Block Transfer Mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5

compare match/input capture A interrupts.
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For details, see section 8.3.4, DMA Control Register (DMACR).

Figure 8-16 shows an example of the setting procedure for block transfer mode.

Block transfer
mode setting

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

( Block transfer mode >

(1]

(2]

(3]

(4]

(5]

(6]

[1] Set each bitin DMABCRH.
» Set the FAE bit to 1 to select full address
mode.
« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address in MARA, and
the transfer destination address in MARB.

[3] Set the block size in both ETCRAH and
ETCRAL. Set the number of transfers in
ETCRB.

[4] Set each bitin DMACRA and DMACRB.

e Set the transfer data size with the DTSZ bit.
« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

e Set the BLKE bit to 1 to select block transfer
mode.

« Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

« Select the activation source with bits DTF3 to
DTFO.

[5] Read DTE =0 and DTME =0 in DMABCRL.

[6] Seteach bitin DMABCRL.
» Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.
» Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure8-16 Example of Block Transfer Mode Setting Procedure
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8.5.8 DMAC Activation Sour ces

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode and the channel, as shown in
table 8-12.

Table8-12 DMAC Activation Sources

Short Address Mode Full Address Mode
Block
Channels  Channels Normal Transfer

Activation Source OA and 1A OB and 1B  Mode Mode
Internal ADI O O X O
Interrupts TXI0 O O O
RXIO O O X O
TXI1 O O X O
RXI1 O O X O
TGIOA O O X O
TGI1A O O X O
TGI2A O O X O
TGI3A O O X O
TGI4A O O X O
TGI5A O O X O
External  DREQ pin falling edge input X O O O
Requests  BREQ pin low-level input X O O O
Auto-request X X O X

Legend
(O: Can be specified
X : Cannot be specified

Activation by Internal Interrupt: Aninterrupt request selected asa DMAC activation source
can be sent simultaneously to the CPU and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are not accepted.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
unless the prescribed register is accessed in aDMA transfer. If the sameinterrupt isused as an
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activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated first. Transfer requests for other channels are held pending in the
DMAC, and activation is carried out in order of priority.

When DTE = 0, such as after completion of atransfer, arequest from the selected activation
source is hot sent to the DMAC, regardless of the DTA bit. In this case, the relevant interrupt
request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt
request flag is not cleared by the DMAC.

Activation by External Request: If an external request (DREQ pin) is specified as an activation
source, the relevant port should be set to input mode in advance.

Level sensing or edge sensing can be used for external requests.

External request operation in normal mode (short address mode or full address mode) is described
below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low
transition is detected on the DREQ pin. The next transfer may not be performed if the next edge is
input before transfer is completed.

When level sensing is selected, the DMAC stands by for atransfer request while the DREQ pinis
held high. While the DREQ pin is held low, transfers continue in succession, with the bus being
released each time a byte or word is transferred. If the DREQ pin goes high in the middie of a
transfer, the transfer is interrupted and the DMAC stands by for atransfer request.

Activation by Auto-Request: Auto-request activation is performed by register setting only, and
transfer continues to the end.

With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usually alternate.

In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is
performed continuously.

Single Address Mode: The DMAC can operate in dual address mode in which read cycles and
write cycles are separate cycles, or single address mode in which read and write cycles are
executed in parallel.

In dual address mode, transfer is performed with the source address and destination address
specified separately.
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In single address mode, on the other hand, transfer is performed between external space in which
either the transfer source or the transfer destination is specified by an address, and an external
device for which selection is performed by means of the DACK strobe, without regard to the
address. Figure 8-17 shows the data bus in single address mode.

RD -
HWR, LWR -
External
A23 to AO Address bus memory
________(Read)
| e -
H8S/2633 | L (Write)
e
[ i) :
D15 to DO IEIR
(high impedance) el
[ ——— — Exte!’nal
device
DACK

Figure8-17 DataBusin Single Address Mode

When using the DMAC for single address mode reading, transfer is performed from external
memory to the external device, and the DACK pin functions as awrite strobe for the external
device. When using the DMAC for single address mode writing, transfer is performed from the
external device to external memory, and the DACK pin functions as a read strobe for the external
device. Since thereis no directional control for the external device, one or other of the above
single directions should be used.

Bus cyclesin single address mode are in accordance with the settings of the bus controller for the
external memory area. On the external device side, DACK is output in synchronization with the
address strobe. For details of bus cycles, see section 8.5.11, DMAC Bus Cycles (Single Address
Mode).

Do not specify internal space for transfer addresses in single address mode.
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859 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycletiming is shown in figure 8-18. In this example, word-
sizetransfer is performed from 16-bit , 2-state access space to 8-bit, 3-state access space. When
the busis transferred from the CPU to the DMAC, a source address read and destination address
write are performed. The busis not released in response to another bus request, etc., between
these read and write operations. Aswith CPU cycles, DMA cycles conform to the bus controller
settings.

CPU cycle DMAC cycle (1-word transfer) CPU cycle

Ty T Ty T T3 T1 T2 T3

| address | Destination address |

Address bus X x x x

RD

FWR |
WA

Figure8-18 Example of DMA Transfer Bus Timing

The address is not output to the external address busin an access to on-chip memory or an internal
1/O register.
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8.5.10 DMAC BusCycles(Dual Address M ode)

Short Address Mode: Figure 8-19 shows atransfer example in which TEND output is enabled
and byte-size short address mode transfer (sequential/idle/repeat mode) is performed from external
8-bit, 2-state access space to internal 1/O space.

DMA DMA DMA DMA DMA DMA DMA

Address bus )( X gtx \ gtx X

| D) D) ‘ ‘

mo L] R — R — -

| | iy | iy | | |

HWR : : O : R : L
| | Yy | ) | | |

LWR | | SO | S | | |
‘ 1 ) I 1 D) | | ‘

TEND | ‘ N ‘ ¢ | |

Bus release Bus release Bus release  Last transfer Bus

cycle release

Figure8-19 Exampleof Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cyclein
which the transfer counter reaches 0.
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Full AddressMode (Cycle Steal Mode): Figure 8-20 shows atransfer example in which TEND
output is enabled and word-size full address mode transfer (cycle steal mode) is performed from
external 16-bit, 2-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA

Address bus X X )gt)( b gg N

: I )) I I )) I : :

RD : O O C

| | ‘p | | ‘p | | .

HWR | | e | e | | |
L 1 P 1 — 1 -
LWR | | N | N | o
| | 1)) | | 1) | 3 | |

TEND : ‘ R ‘ ¢ : :

Bus release Bus release Bus release Last transfer Bus

cycle release

Figure8-20 Exampleof Full Address Mode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the busisreleased. Whilethe
busisreleased one bus cycle isinserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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Full Address Mode (Burst Mode): Figure 8-21 shows atransfer example in which TEND output
is enabled and word-size full address mode transfer (burst mode) is performed from external 16-
bit, 2-state access space to external 16-hit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
read write read write read write 'dead:

Address bus jx >< jX jX jx jx t

o S W s gl
m——
e [

Burst transfer

Figure8-21 Example of Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that
channel hasto wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer isin the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has aready been activated inside the DMAC, the busis released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has aready been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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Full AddressMode (Block Transfer Mode): Figure 8-22 shows atransfer examplein which
TEND output is enabled and word-size full address mode transfer (block transfer mode) is
performed from internal 16-hit, 1-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
'read! write !read! write |dead| 'read! write read, write !dead,

Address bus U D

o | | | | | yy | | | | |

RD Bl Bl S Bl B

; ; ; ; ; '()() ; ; ; ; ; .

HWR | | | | | ' | | | | | |

| | I—, | | I—, | 1 | | I—, | | I—, | |

| | | | | . | | | | |

LWR | | | | | (SO | | | | |

| | I—, | | I—, | | | | I—, | | I—, | |

| | | 3 | 1)) | | | 3 | |

TEND b : o : :
Bus release | Block transfer Bus release Last block transfer ' Bus

release

Figure8-22 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the busis
released. While the busis released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycleisinserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer
operation.
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DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the
DREQ pinisselected to 1.

Figure 8-23 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA DMA Bus DMA DMA Bus
Bus release read erte release read wrlte release
i | ! L
‘ T u T r (a
DREQ \ ! I - \ | /n L 2 .

| x t Transfer Transfer Transfer Transfer
Address bus é—x \__destination | j destination _|
T \ [ i [
I
.
T

‘ ‘ I \ N ‘ ‘ ‘
DMA control Idle 1 Xjeadx write | f Idle | 1 KReadX write 1 | Idle 1
Channel VRequeSJ ., Request clear period r/Reque:( 2 ‘ Request clear period |

(

Minimum of 2 cycles | M|n|mum of 2 cycles | l
! ! D ] ! !
= @ 41 B[] [7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.
[4][7] When the DREQ pin high level has been sampled, acceptance is resumed after the
write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request
is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-23 Example of DREQ Pin Falling Edge Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld inthe DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. 1f DREQ pin
high level sampling has been completed by the time the DMA write cycle ends, acceptance
resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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Figure 8-24 shows an example of DREQ pin falling edge activated block transfer mode transfer.

1 block transfer ‘ 1 block transfer ‘
| DMA DMA DMA ! Bus'@ DMA DMA DMA' Bus
Bus release ‘ | read write dead irelease!

read write  dead ' release
4—»‘4—»:4—»%‘7

DEA : ‘ T T : : T 1 : :
DREQ  \ . /[, N . ]
T T e e | 1 (e (e i |
" H —— i = —
Address bus I O CTA G S TR P
| | ! i i : ‘ L 1 1

DMA control ldle )('ézead)( write! | Dead | Idle X;Readx Write | Dead | | | Idle
\ 7 e ‘ ; ‘ e | ‘
Channel :Requesq Request clear period ;Reques‘i - ! RequesgtE clear period ! =;
Minimun of 2 cycles | Minimun of 2 cycles | | |
- I - I I I
@ B6 4] [51 [6] [71

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.

[4] [7]1 When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-24 Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA dead cycle ends, acceptance
resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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DREQ Level Activation Timing (Normal Mode): Set the DTA bit for the channel for which the
DREQ pin isselected to 1.

Figure 8-25 shows an example of DREQ level activated norma mode transfer.

Bus DMA DMA Bus DMA DMA Bus
release read write release read write release
P

_zmmmqm \

[ \ /§§‘

| |
| |
I I
I ¢ I
| |
A \

[

I I i
I
s s s
T 1 T T
I N I I
) R Transfer ) Transfer | Transfer Transfer
destination source destination
| | | | | |
I I I )t ) I
| Xeeadx Write | Idle | | fRead) write | Y Idle
| | | |
I I I
|

Address bus

DMA control  Idle

©

U ¢ ;
equest Request clear period /Reque:\/t 2 ; Request clear perlod

[N I I K] 4 B [6] [7]

Channel
Minimum of 2 cycles | Minimum of 2 cycles |
[ - | - - |
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] The DMA cycle is started.
[4] [7]1 Acceptance is resumed after the write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-25 Example of DREQ Leve Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the write cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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Figure 8-26 shows an example of DREQ level activated block transfer mode transfer.

1 block transfer 1 block transfer
———————————————————————————— - L |
DMA DMA  DMA: Bus' DMA DMA DMA: Bus

Bus release read right dead | release read right dead | release

UL UYL UL L

! | w ! Lo ‘ |
~DEA \ : | T ((; : T € : ¢ ; ) :
DREQ ! / ! ) : Bl \ I} / . )1 )] ! / I

T T (e ] T T (e e i |
——j—" H —— H —
Address bus I S OCTCR G GRS T CR A
i 3 ‘ o 3 Lo L 1 1

DMA control Uldle | )CReadK writel ) Dead: [ Idle JRead| write | | Dead | ) | Idle
‘ ‘ ‘ e ! 7 i T
Channel :Request“ ' Request clear period ;Reques‘j - ! Requesg’s clear period ! =;
Minimum of. 2 cycles l Minimum of 2 cycles l | l
- - ! oo - | | |
1 = 6B [4] [81 [6] [{]

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMA cycle is started.
[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-26 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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8511 DMAC BusCycles(Single Address M ode)

Single Address Mode (Read): Figure 8-27 shows atransfer example in which TEND output is
enabled and byte-size single address mode transfer (read) is performed from external 8-bit, 2-state
access space to an external device.

DMA
'DMA read| 'DMA read | 'DMA read | 'DMA read |dead;

| )
Address bus D( >§§
1 (€

o [ L [

i i
| | | | | |
TEND | | | | | |
i i i i i i i
— - - — -
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure8-27 Example of Single Address Mode (Byte Read) Transfer
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Figure 8-28 shows a transfer example in which TEND output is enabled and word-size single
address mode transfer (read) is performed from external 8-bit, 2-state access space to an externa
device.

DMA
DMA read dead|

Address bus jX X >§§:>< X >§§:>< ¥ jx:

R

-En N N i IO A A B
LS I N o e O O I

] —

TEND

—-

Bus Bus Bus Last transfer Bus
release release release cycle release

Figure8-28 Exampleof Single Address Mode (Word Read) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released, one or more bus cycles are inserted by the CPU or
DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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Single Address Mode (Write): Figure 8-29 shows atransfer example in which TEND output is
enabled and byte-size single address mode transfer (write) is performed from an external deviceto
external 8-bit, 2-state access space.

DMA
'DMA write! 'DMA write! 'DMA write! 'DMA writedead;

B o o |
Address bus X )gi:)( '

L
CWR

- S L R L N s T

Q
@
:

i
|
I I )) I I ﬂ I I ) I I I
TEND i (G O ‘ d—‘ l——
I I I I I I I
| | | | | | | |
I I I I I I I I
—! - — — -
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure8-29 Example of Single Address Mode (Byte Write) Transfer
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Figure 8-30 shows atransfer example in which TEND output is enabled and word-size single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.

DMA
DMA write dead,

Address bus X X >§§:>< ¥ X}{:X \ X:

T
nyl

TEND

S U O o N I N

Bus Bus Bus Last transfer Bus
release release release cycle release

Figure8-30 Example of Single Address Mode (Word Write) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. Whilethe busis released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the
DREQ pinisselected to 1.

Figure 8-31 shows an example of DREQ pin falling edge activated single address mode transfer.

Bus release DMA single  Bus release DMA single Bus release

i i !
Address bus ;_:X:S \/ Transfer source/
; , destination
I : 1 ! ‘
A T N I O
| 1 | !
|
|
|

I
I
I
I
I
Transfer source/ 1
destlnatlon ,

I
I

DACK !

i I I I
DMA control | gSinglex ide | ; | §Sing|§)< Ide |
1 I \ I
Channel 1 Relemod Reauest\ ! R oo !
1 Minimum of ! ! M|n|mum of i i
| 2 cycles \ \ 2 cycles \ \

-y -~

(1] 2 [ (4] 5] [6] (7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the single
cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-31 Example of DREQ Pin Falling Edge Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. 1f DREQ pin
high level sampling has been completed by the time the DMA single cycle ends, acceptance
resumes after the end of the single cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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DREQ Pin Low Level Activation Timing: Set the DTA bit for the channel for which the DREQ
pinisselected to 1.

Figure 8-32 shows an example of DREQ pin low level activated single address mode transfer.

Bus

Bus release DMA single Busrelease DMAsingle release

DREQ  \

\ |
I

I

I

[ i

Transfer source/ Transfer source/ |

Address bus >< :: >< destination >< ;: >< : destination |
T | | !

|

DACK

DMA control Idle

I

I

I

I

L i

[l

| | |

! | Request clear h | Request clear |

Request, ! period Request )| period !
I

| \ Y |

I I

I

W @ 6 4 [81 6] (71

Channel
Minimum of Minimum of
2 cycles I 2 c¥cles I
L gl
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] The DMAC cycle is started.
[4][7]1 Acceptance is resumed after the single cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8-32 Example of DREQ Pin Low Level Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request isheld in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the single cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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85.12 Write Data Buffer Function

DMAC internal-to-external dual address transfers and single address transfers can be executed at
high speed using the write data buffer function, enabling system throughput to be improved.

When the WDBE bit of BCRL in the bus controller is set to 1, enabling the write data buffer
function, dual address transfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal /O registers) are executed in parallel. Internal accesses are
independent of the bus master, and DMAC dead cycles are regarded as internal accesses.

A low level can always be output from the TEND pin if the bus cyclein which alow level isto be
output is an external bus cycle. However, alow level is not output from the TEND pin if the bus
cyclein which alow level isto be output from the TEND pinis an internal bus cycle, and an
external write cycleis executed in parallel with this cycle.

Figure 8-33 shows an example of burst mode transfer from on-chip RAM to external memory
using the write data buffer function.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read write read write read write read write  dead

UYL L
mematawess (N h N X X X K K )
Extemal adcress >< X 4 X

AWR, LWR r
TEND

ny)

O

Figure8-33 Exampleof Dual Address Transfer Using Write Data Buffer Function

Figure 8-34 shows an example of single address transfer using the write data buffer function. In
this example, the CPU program areais in on-chip memory.
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DMA DMA CPU
read single read

DMA CPU
single read

; JU UL
oA e e A L)

Internal address

Internal read signal

External address

RD

[

DACK

Figure8-34 Example of Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle
concerned has ended, and starts the next operation. Therefore, DREQ pin sampling is started one
state after the start of the DMA write cycle or single address transfer.

8.5.13 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B.

Table 8-13 summarizes the priority order for DMAC channels.

Table8-13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 1
Channel 1B Low
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If transfer requests are issued simultaneously for more than one channel, or if atransfer request for
another channel isissued during atransfer, when the busis released the DMAC selects the
highest-priority channel from among those issuing a request according to the priority order shown
in table 8-13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not
be changed until the end of the transfer.

Figure 8-35 shows atransfer example in which transfer requests areissued simultaneously for
channels 0A, 0B, and 1.

DMA
DMAread DMA write DMAread DMA write DMAread DMA write read
! . } . - -

I
=
T

LWR ; ! !
) ) ) N )

e‘adx Write! X Idle | ead) Write:
3 f 3 f )
| / | / °
! oy
[ | L

| Y | | |
\ Req)uést clear
i

|
(8 : | | IS j |
Read

DMA control I@Readx Write X Idle .

Channel 0A ((Requ‘est clear : f :/‘

)
| | {

|
)
(o

|

Channel 0B | Request | Selection \Requiest clear
i hold | | (e

T " T | .
Channel 1 Request | sdeion | Request | Selection ! !
Bus Channel OA Bus Channel 0B Bus Channel 1 transfer
release transfer release transfer release

Figure8-35 Example of Multi-Channel Transfer
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8.5.14 Relation between External Bus Requests, Refresh Cycles, the DTC, and the DMAC

There can be no break between aDMA cycleread and aDMA cyclewrite. This meansthat a
refresh cycle, external bus release cycle, or DTC cycleis not generated between the external read
and external writein aDMA cycle.

In the case of successive read and write cycles, such asin burst transfer or block transfer, arefresh
or external bus released state may be inserted after awrite cycle. Sincethe DTC has alower
priority than the DMAC, the DTC does not operate until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal 1/O registers, these
DMA cycles can be executed at the same time as refresh cycles or external bus release. However,
simultaneous operation may not be possible when awrite buffer is used.
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8.5.15 NMI Interruptsand DMAC

When an NMI interrupt is requested, burst mode transfer in full address mode isinterrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then rel eases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 8-36 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.

Resumption of [1] Check that DTE =1 and
transfer on interrupted DTME =0 in DMABCRL

channel

[2] Write 1 to the DTME bit.

[1]

No

Set DTME bitto 1 [2]

Y

< Transfercontinues> < Transfer ends >

Figure8-36 Example of Procedurefor Continuing Transfer on Channel Interrupted by
NMI Interrupt
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8.5.16 Forced Termination of DMAC Operation

If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE bit is set to
1 again.

In full address mode, the same applies to the DTME hit.

Figure 8-37 shows the procedure for forcibly terminating DMAC operation by software.

of DMAC If you want to prevent interrupt generation after
forced termination of DMAC operation, clear the
DTIE bit to 0 at the same time.

o [1] Clear the DTE bitin DMABCRL to O.
C Forced termination )

Clear DTE bitto O

C Forced termination )

—

1]

Figure 8-37 Example of Procedurefor Forcibly Terminating DMAC Operation
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8.5.17 Clearing Full Address Mode

Figure 8-38 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel 11] same time.
[2] Clear all bits in DMACRA and DMACRB to 0.
[3] Clear the FAE bitin DMABCRH to 0.
Initialize DMACR [2]
Clear FAE bitto 0 [3]

Y

Initialization;
operation halted

Figure8-38 Example of Procedurefor Clearing Full Address Mode
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8.6 Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 8-14

shows the interrupt sources and their priority order.

Table8-14 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel OA transfer on channel 0
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel 0B transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B transfer on channel 1 Low

Enabling or disabling of each interrupt sourceis set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently.

Therelative priority of transfer end interrupts on each channel is decided by the interrupt
controller, as shown in table 8-14.

Figure 8-39 shows ablock diagram of atransfer end/transfer break interrupt. An interrupt is
always generated when the DTIE bit is set to 1 while DTE bit is cleared to O.

DTE/

DTME —|—C

., Transfer endftransfer
break interrupt

DTIE —17

Figure8-39 Block Diagram of Transfer End/Transfer Break I nterrupt

In full address mode, atransfer break interrupt is generated when the DTME bit is cleared to O
while DTIEB bit isset to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the

occurrence of a combination that constitutes a condition for interrupt generation during setting.
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8.7 Usage Notes

DMAC Register Accessduring Operation: Except for forced termination, the operating
(including transfer waiting state) channel setting should not be changed. The operating channel
setting should only be changed when transfer is disabled.

Also, the DMAC register should not be written to in aDMA transfer.
DMAC register reads during operation (including the transfer waiting state) are described below.

(a) DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMAC transfer.

Figure 8-40 shows an example of the update timing for DMAC registers in dual address transfer
mode.

DMA transfer cycle . : DMA last transfer cycle
: . DMA |
) . . DMA i dead :
L e DMA read i DMAWIte . L read‘:‘ DMA wiite . :
DMA Internal : Transfer X Transfer X : : . Transfer. X . Transfer K : X :
address . : source., destlnatldn . e - source : destlnatlon . . .
N . . N T . . : N . N N
DMA control Idle ; X . Read ; X . Write | X Idle . ". \ . Read. X . Write! X . Dead. X . Idle

DMA register ] A :< } : : l A\ { - / A
operation A @ : : 1 o ey \ &)

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)

[2] Transfer destination address register MAR operation (incremented/decremented/fixed)

[27 Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of a block
in block transfer mode)

[3] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode)
Block size counter ETCR restore (in block transfer mode)

Notes: 1. In single address transfer mode, the update timing is the same as [1].
2. The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure8-40 DMAC Register Update Timing
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(b) If aDMAC transfer cycle occurs immediately after a DMAC register read cycle, the DMAC
register is read as shown in figure 8-41.

CPU longword read o DMA transfer cycle
. MAR upper MAR lower . .
. wordread . word read L DMA read y DMA write .

S O B
DMA internal : X : X " Transfe;  Transfer ;
address . . . source. destination .

DMA control C o ide C X Read: X Twite: X ! oide :
DMA register : /T& /T
operation : _\_/, _\_f[ ]

Note: The lower word of MAR is the updated value after the operation in [1].

Figure8-41 Contention between DMAC Register Update and CPU Read

Module Stop: When the MSTPA7 bit in MSTPCR is set to 1, the DMAC clock stops, and the
module stop state is entered. However, 1 cannot be written to the MSTPATY bit if any of the
DMAC channelsisenabled. This setting should therefore be made when DMAC operation is
stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the modul e stop state, they should be
invalidated, if necessary, before a module stop.

» Transfer end/suspend interrupt (DTE =0 and DTIE=1)
* TEND pinenable (TEE=1)
* DACK pinenable (FAE=0and SAE=1)

M edium-Speed Mode: When the DTA bit is O, internal interrupt signals specified as DMAC
transfer sources are edge-detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting
modul es operate on a high-speed clock. Consequently, if the period in which the relevant interrupt
source is cleared by the CPU, DTC, or another DMAC channel, and the next interrupt is
generated, is less than one state with respect to the DMAC clock (bus master clock), edge
detection may not be possible and the interrupt may be ignored.

Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-
speed clock.
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Write Data Buffer Function: When the WDBE bit of BCRL in the bus controller is set to 1,
enabling the write data buffer function, dual address transfer external write cyclesor single
address transfers and internal accesses (on-chip memory or internal 1/O registers) are executed in
parallel.

() Write Data Buffer Function and DMAC Register Setting

If the setting of is changed during execution of an external access by means of the write data
buffer function, the external access may not be performed normally. The register that controls
external accesses should only be manipulated when external reads, etc., are used with DMAC
operation disabled, and the operation is not performed in parallel with external access.

(b) Write Data Buffer Function and DM AC Operation Timing

The DMAC can start its next operation during external access using the write data buffer function.
Consequently, the DREQ pin sampling timing, TEND output timing, etc., are different from the
case in which the write data buffer function is disabled. Also, interna bus cycles maybe hidden,
and not visible.

(c) Write Data Buffer Function and TEND Output

A low level is not output from the TEND pin if the bus cycle in which alow level isto be output
from the TEND pinisan interna bus cycle, and an external write cycleis executed in parallel with
thiscycle. Note, for example, that alow level may not be output from the TEND pin if the write
data buffer function is used when data transfer is performed between an internal 1/0 register and
on-chip memory.

If at least one of the DMAC transfer addresses is an external address, alow level is output from
the TEND pin.
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Figure 8-42 shows an example in which alow level is not output at the TEND pin.

DMA DMA
‘ read . write

| -~
o | L LI LI [ [
Internal address >< | ‘ ><
Internal read signal |
Internal write signal ! I—Ii

External address | ><
HWR, LWR 3
TEND !

o Not output

External write by CPU, etc.

Figure8-42 Examplein Which Low Level isNot Output at TEND Pin

Activation by Falling Edge on DREQ Pin: DREQ pin falling edge detection is performed in
synchronization with DMAC internal operations. The operation is asfollows:

[1] Activation request wait state: Waits for detection of alow level on the DREQ pin, and switches
to[2].
[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switchesto [3].

[3] Activation request disabled state: Waits for detection of ahigh level on the DREQ pin, and
switchesto [1].

After DMAC transfer is enabled, atransitionismadeto [1]. Thus, initial activation after transfer
isenabled is performed by detection of alow level.

Activation Sour ce Acceptance: At the start of activation source acceptance, alow level is
detected in both DREQ pin falling edge sensing and low level sensing. Similarly, in the case of an
internal interrupt, the interrupt request is detected. Therefore, arequest is accepted from an
internal interrupt or DREQ pin low level that occurs before execution of the DMABCRL write to
enable transfer.

When the DMAC is activated, take any necessary stepsto prevent an internal interrupt or DREQ
pin low level remaining from the end of the previous transfer, etc.
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Internal Interrupt after End of Transfer: When the DTE hit is cleared to O by the end of
transfer or an abort, the selected internal interrupt request will be sent to the CPU or DTC even if
DTA issetto 1.

Also, if internal DMAC activation has already been initiated when operation is aborted, the
transfer is executed but flag clearing is not performed for the selected internal interrupt even if
DTA issetto 1.

An internal interrupt request following the end of transfer or an abort should be handled by the
CPU as necessary.

Channel Re-Setting: To reactivate a number of channels when multiple channels are enabled, use
exclusive handling of transfer end interrupts, and perform DMABCR control bit operations
exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and
writing of DMABCR, and aDMABCR operation is performed during new interrupt handling, the
DMABCR write datain the original interrupt handling routine will be incorrect, and the write may
invalidate the results of the operations by the multiple interrupts. Ensure that overlapping
DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with 0, they must
first be read while cleared to O before the CPU can write a 1 to them.
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Section 9 Data Transfer Controller (DTC)
(This function is not available in the H8S/2695)

91 Overview

The H85/2633 Series includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

9.1.1 Features

The features of the DTC are:

Transfer possible over any number of channels
O Transfer information is stored in memory
O One activation source can trigger a number of data transfers (chain transfer)

Wide range of transfer modes
0 Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected

Direct specification of 16-Mbyte address space possible
0 24-bit transfer source and destination addresses can be specified

Transfer can be set in byte or word units

A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends

O Aninterrupt request can be issued to the CPU after the specified data transfers have
completely ended

Activation by softwareis possible

Module stop mode can be set

O Theinitial setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode
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9.1.2 Block Diagram
Figure 9-1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c |
o
o T
swze g 3
Interrupt oo Wi = =
request) E)JU,L_)E 3 S 2 %EE C> =
E5ollnl g3 c S|<|o|0|n [
a L0 o =i o |
=3 | O <|0|0 >
2 g 04 o
o s s oo
'_ |
0 -
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERF,
DTCERI : DTC enable registers Ato F and |
DTVECR : DTC vector register
Figure9-1 Block Diagram of DTC
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9.1.3 Register Configuration
Table 9-1 summarizes the DTC registers.

Table9-1 DTC Registers

Name Abbreviation R/W Initial Value  Address*’

DTC mode register A MRA —*2  Undefined —*3

DTC mode register B MRB —*%  Undefined —=3

DTC source address register SAR —*2  Undefined —*38

DTC destination address register DAR —*2  Undefined —*3

DTC transfer count register A CRA —*2  Undefined —=3

DTC transfer count register B CRB —*2  Undefined —*38

DTC enable registers DTCER R/W  H'00 H'FE16 to H'FE1E
DTC vector register DTVECR R/W  H'00 H'FEL1F

Module stop control register MSTPCRA R/W  H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 Registers within the DTC cannot be read or written to directly.

* 3 Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME
bit in SYSCR to 0.
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9.2 Register Descriptions

921  DTC ModeRegister A (MRA)

Bit : I 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde-  Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRA isan 8-hit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a datatransfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by -1 when Sz = 0; by -2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM 1, DM 0): These bits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by -1 when Sz = 0; by —2 when Sz = 1)
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Bits3and 2—DTC Mode (M D1, MDO): These hits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit 0

Sz—Description

0 Byte-size transfer
1 Word-size transfer
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922  DTC ModeRegister B (MRB)

Bit : 7 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value: Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of datatransfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2633 Series, and
should always be written with 0.
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9.23 DTC Source Address Register (SAR)

Bit . 23 22 21 20 19 --- 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde-Unde- - Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RW ¢ - - — - — --- —- - - - -

SAR isa24-bit register that designates the source address of datato be transferred by the DTC.
For word-size transfer, specify an even source address.

924 DTC Destination Address Register (DAR)

Bit . 23 22 21 20 19 --- 4 3 2 1 0

Initial value : Unde- Unde- Unde-Unde- Unde- --- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = = --- —_ = = = —

DAR isa24-hit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.

9.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W - - - = = = = = = = = = = = = =

-« CRAH —» -« — CRAL —MM»

CRA isa 16-hbit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.
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9.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde-Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RW @ = = - - — - — = — = = = = =

CRB isa 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

9.2.7 DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCES | DTCE4 | DTCE3 | DTCE2 | DTCEL1 | DTCEO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise seven 8-bit readabl e/writable registers, DTCERA to DTCERF
and DTCERI, with bits corresponding to the interrupt sources that can control enabling and
disabling of DTC activation. These hits enable or disable DTC service for the corresponding
interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.
Bit n—DTC Activation Enable (DTCEN)

Bit n
DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
*  When the DISEL bit is 1 and the data transfer has ended

e When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled
[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7100)

A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 9-4, together with the vector number
generated for each interrupt controller.
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For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.

928  DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVECS5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W : RI(W)*1  R/W*2 R/W*2 R/W*2 R/W*2 R/W*2 R/W*2 R/W*2

Notes: *1 Only 1 can be written to the SWDTE bit.
*2 Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—DTC Softwar e Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 0 and the specified nhumber of transfers have not ended
*  When 0 s written to the DISEL bit after a software-activated data transfer end

interrupt (SWDTEND) request has been sent to the CPU
1 DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
« During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO): These bits
specify avector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-hit | ft-
shift. For example, when DTV ECG to DTVECO = H'10, the vector addressis H'0420.
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9.29 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0
| MsTPA7 | MSTPAG | MSTPAS | MSTPA4 | MSTPA3 | MSTPA2 | MSTPAL | MsTPAO |

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

MSTPCRA is a8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bhit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and atransition is made to module stop mode. However, 1 cannot be written in the MSTPAG
bit while the DTC is operating. For details, see section 24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by a power-on reset and in hardware standby mode. It is not
initialized in manual reset and software standby mode.

Bit 6—Module Stop (M STPAG): Specifiesthe DTC module stop mode.

Bit 6

MSTPA6 Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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9.3 Operation

93.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the datatransfer, it writes updated register
information back to memory. Pre-storage of register information in memory makesit possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makesit possible to
perform a number of transfers with a single activation.

Figure 9-2 shows aflowchart of DTC operation.

Start

\
Read DTC vector

Next transfer

v

Read register information

Y

Data transfer

L

Write register information

No

Transfer Counter= 0
or DISEL=1

Yes

Y
Clear an activation flag Clear DTCER

End Interrupt e>_<ception
handling

Figure9-2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 9-2 outlines the functions of the DTC.

Table9-2 DTC Functions

Address Registers

Transfer  Transfer

Transfer Mode Activation Source Source Destination
* Normal mode * IRQ 24 bits 24 bits
O One transfer request transfers one e TPUTGI
byte or one word e 8-bit timer CMI
O Memory addresses are incremented e SCITXIor RXI
or decremented by 1 or 2 « A/D converter ADI
O Up to 65,536 transfers possible « DMAC DEND

* Repeat mode

O One transfer request transfers one
byte or one word

O Memory addresses are incremented
or decremented by 1 or 2

O After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues

* Block transfer mode

O One transfer request transfers a block
of the specified size

O Block size is from 1 to 256 bytes or
words

0 Up to 65,536 transfers possible

O A block area can be designated at
either the source or destination

* Software
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9.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit isset to 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 9-3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI0, for example, isthe RDRF flag
of SCIO.

Table9-3 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is cleared

remains set to 1 to 0
The activation source flag is The activation source flag remains set to 1
cleared to O A request is issued to the CPU for the

activation source interrupt

Figure 9-3 shows ablock diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared

Clear
controller

Clear
A

DTCER
Clear request
Select
Y Y
On-chip |
supporting = o pTC
module o
©c
. -~ c
IRQ interrupt 1.8
Interrupt ©
(0]
request o] -
DTVECR @ »={ Interrupt controller CPU

Interrupt mask

Figure9-3 Block Diagram of DTC Activation Source Control

341
RENESAS




When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

9.3.3 DTC Vector Table

Figure 9-4 shows the correspondence between DTC vector addresses and register information.

Table 9-4 shows the correspondence between activation and vector addresses. When the DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< lindicates a 1-bit left shift). For example, if DTVECR is H'10, the vector addressis H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal* and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not available in the H8S/2633 Series.

m J\
DTC vector Register information / . . .
e — Register information
address start address

.

Chain transfer
~N_ ~N_

Figure9-4 Correspondence between DTC Vector Address and Register Information

342
RENESAS




Table9-4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCES

Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
Write to DTVECR Software DTVECR H0400+ — High
(DTVECR A
[6:0]
<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEA1l
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel O
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC6 v
input capture) Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCECS3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
CMIAO (compare match AO) 8-bit timer 64 H'0480 DTCEDS3
CMIBO (compare match BO) channel 0 65 H0482  DTCED2
CMIAL1 (compare match Al) 8-bit timer 68 H'0488 DTCED1
CMIB1 (compare match B1) channel 1 69 HO048A  DTCEDO
DENDOA (channel O/channel 0A DMAC 72 H'0490 DTCEE7
transfer end)
DENDOB (channel OB transfer end) 73 H'0492 DTCEE®6
DEND1A (channel 1/channel 1A 74 H'0494 DTCEES5
transfer end)
DEND1B (channel 1B transfer end) 75 H'0496 DTCEE4
RXIO (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 HO04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7 v
TXI2 (transmit data empty 2) channel 2 90 HO04B4  DTCEF6 Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
CMIA2 (compare match A2) 8-bit timer 92 H'04B8 DTCEF5 High
CMIB2 (compare match B2) channel 2 93 H04BA DTCEF4 A
CMIA3 (compare match A3) 8-bit timer 96 H'04CO DTCEF3
CMIB3 (compare match B3) channel 3 97 H04C2  DTCEF2
IICIO (1-byte transmit/reception IIC channel 0 100 H'04C8 DTCEF1
complete) (option)
IICI1 (1-byte transmit/reception IIC channel 1 102 H'04CC DTCEFO
complete) (option)
RXI3 (reception complete 3) SCl channel 3 121 H'04F2 DTCEI7
TXI3 (transmit data empty 3) 122 H'04F4 DTCEI6
RXI4 (reception complete 4) SCl channel 4 125 H'04FA DTCEI5  /
TXI4 (transmit data empty 4) 126 H'04FC DTCEI4 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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9.34 L ocation of Register Information in Address Space
Figure 9-5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).

Lower address

. 0 1 2 3
Register T T
information — ™| MRA SAR
start address ) . )
MRB DAR Register information
Chain CRA CRB
transfer > MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
N 4 bytes -

Figure9-5 Location of Register Information in Address Space
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9.35 Normal M ode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 9-5 lists the register information in normal mode and figure 9-6 shows memory mapping in

normal mode.
Table9-5 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

m m

SAR —» — <— DAR
Transfer
\_ﬂ \_ﬂ
Figure9-6 Memory Mappingin Normal Mode
347

RENESAS




9.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 9-6 lists the register information in repeat mode and figure 9-7 shows memory mapping in
repeat mode.

Table9-6 Register Information in Repeat M ode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

N N

SAR or DAR or
DAR ™ Repeat area <:> - SAR

Transfer

\_/_\\_/_\

Figure9-7 Memory Mappingin Repeat Mode
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9.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the

transfer destination is designated as a block area.

Theblock sizeis 1 to 256. When the transfer of one block ends, theinitial state of the block size
counter and the address register specified as the block areais restored. The other address register

is then incremented, decremented, or l€eft fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt is requested.

Table 9-7 lists the register information in block transfer mode and figure 9-8 shows memory

mapping in block transfer mode.

Table9-7 Register Information in Block Transfer Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register AH CRAH Holds block size
DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count

RENESAS
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H First block

N M
SAR or B N B DAR or
DAR — ™ Block area -— 5AR

- -1 Transfer [~

B n ~_ @

Nth block
u_\
Figure9-8 Memory Mappingin Block Transfer Mode
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9.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consectutively in
response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 9-9 shows the memory map for chain transfer.

T~

Source

address start address

_ _ . J Destination
Register information
CHNE=1
DTC vector Register information [

Register information
CHNE =0

Source

/\//\/

A Destination

Figure9-9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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9.39 Operation Timing

Figures 9-10 to 9-12 show an example of DTC operation timing.

° JUgyyyryyyyyyL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

e
e O OO0 ke OO0
-~ -~

Transfer Transfer
information read information write

Figure9-10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

o JuvuUdududuUyu UL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

B T E——
parss O OO oo 0

- -
Transfer Transfer
information read information write

Figure9-11 DTC Operation Timing (Example of Block Transfer M ode,
with Block Size of 2)
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o vy iuyuyiryuyyuyuy i

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read B — B —
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure9-12 DTC Operation Timing (Example of Chain Transfer)

9.3.10 Number of DTC Execution States

Table 9-8 lists execution statuses for asingle DTC data transfer, and table 9-9 shows the number
of states required for each execution status.

Table9-8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table9-9 Number of States Required for Each Execution Status

Object to be Accessed

On- On-

Chip Chip On-Chip I/O
RAM ROM Registers

External Devices

Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
status Register S, 1 — — — — — — —
information
read/write
Byte dataread S, 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+m 2 3+m
Word data write S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S,, 1

The number of execution statesis calculated from the formula below. Note that > means the sum
of al transfers activated by one activation event (the number in which the CHNE bit isset to 1,

plus1).

Number of execution states=1-S+2 (J- §+K-S+L-§)+M S,

For example, when the DTC vector address table islocated in on-chip ROM, norma mode is set,
and datais transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawriteis 10 states.
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9.3.11  Proceduresfor Using DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE hit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to O. If the DTC isto continue transferring data, set the SWDTE hit
to 1. When the DISEL bhit is 1, or after the specified number of data transfers have ended, the
SWDTE hitisheld at 1 and a CPU interrupt is requested.
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9.3.12 Examplesof Useof theDTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1 =
1, DMO = 0), norma mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS hit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM areawhere the datawill be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RX1) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flagin SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to O.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE hit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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(2) Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

(1]

(2]

(3]

[4]
(5]
6]

[7]

(8]
(9]

Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1=1, SMO0 = 0), fixed destination address (DM 1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source side as arepeat area (DTS =1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the datatable start addressin SAR, the NDRH
addressin DAR, and the data table sizein CRAH and CRAL. CRB can be set to any value.

Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1=1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start addressin SAR, the TGRA address
in DAR, and the datatable size in CRA. CRB can be set to any value.

Locate the TPU transfer register information consecutively after the NDR transfer register
information.

Set the start address of the NDR transfer register information to the DTC vector address.
Set the bit corresponding to TGIA in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output isto be performed to 1. Using PCR, select the TPU compare match
to be used as the output trigger.

Set the CST bitin TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period istransferred to TGRA. The activation source
TGFA flag iscleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA valueis 0), the

TGFA flagisheld at 1, the DTCE bit iscleared to 0, and a TGIA interrupt request is sent to
the CPU. Termination processing should be performed in the interrupt handling routine.
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(3) Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination addressis
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 =1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EQ.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of datais transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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94 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL hit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after datatransfer ends, the SWDTE bitisheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during datatransfer even if the SWDTE bit isset to 1.

9.5 Usage Notes

Module Stop: When the MSTPAG bit in MSTPCRA isset to 1, the DTC clock stops, and the
DTC enters the module stop state. However, 1 cannot be written in the MSTPAG bit while the
DTC is operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.

DMAC Transfer End Interrupt: When the DTC is activated with aDMAC transfer end
interrupt, the DMAC's DTE hit is not controlled by the DTC regardless of the transfer counter and
DISEL bit, and write data takes precedence. For this reason, there may be no interrupt generated
by the CPU even if the DTC transfer counter is cleared to O.

DTCE Bit Setting: For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. If dl interrupts are masked, multiple activation sources can be set at one time by writing
data after executing adummy read on the relevant register.
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Section 10A 1/O Ports
(H85/2633, H8S5/2632, H85/2631, H8S/2633R)

10A.1 Overview

The H85/2633 Series has 10 1/0 ports (ports 1, 3, 7 and A to G), and two input-only port (ports 4
and 9).

Table 10A-1 summarizes the port functions. The pins of each port also have other functions.

Each 1/0 port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have a DR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have aMOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to C include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports 10 to 13, 70 to 73, and A to G are used as the output pins for expanded bus control
signals, they can drive one TTL load plus a 50pF capacitance load. Those portsin other cases, and
ports 14 to 17, 3, and 74 to 77, can drive one TTL load and a 30pF capacitance load. All 1/O ports
can drive Darlington transistors when set to output.

See Appendix C, 1/0 Port Block Diagrams, for a block diagram of each port.
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Table10A-1 Port Functions

Port | Description Pins Mode 4 ’ Mode 5 ‘ Mode 6 Mode 7
Port 1 |« 8-bit I/O P17/PO15/TIOCB2/ 8-bit I/0 port also functioning as DMA 8-bit I/O port
port PWM3/TCLKD controller output pins (DACKO, DACK1), TPU |also function-

. Schmitt- | P16/PO14/TIOCA2/ | V/O pins (TCLKA, TCLKB, TCLKC, TCLKD,  |ing as DMA
triggered PWM2RQT TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCAL, |controller
input (P16, |p15/PO13/TIOCEL/ TIOCB1, TIOCA2, TIOCB2), PPG output pins |output pins
P14) S5/PO13/TIOC (PO15 to POB8), interrupt input pins (IRQO, (DACKO,

TCLKC IRQT), 14-bit PWM output pins (PWM2, DACK1), TPU
P14/PO12/TIOCA1/ PWM3), and address outputs (A20 to A23) I/0 pins
IRQO (TCLKA,
P13/PO11/TIOCDO/ TCLKB,
TCLKB/A23 TCLKC,
P12/PO10/TIOCCO/ $%CIZ<EO
TCLKA/A22 TIOCBO,
P11/PO9/TIOCBO/ TIOCCO,
DACK1/A21 TIOCDO,
P10/PO8/TIOCAO/ TIOCAL,
DACKO0/A20 TIOCB1,
TIOCAZ2,
TIOCB2), PPG
output pins
(PO15 to
PO8), interrupt
input pins
(IRQO, IRQ1),
and 14-bit
PWM output
pins (PWM2,
PWM3)
Port 3 | 8-bit /O P37 /TxD4 8-bit 1/0 port also functioning as SCI (channel 0, 1, and 4) I/O
port P36/RxD4 pins (TxDO, RxDO, SCKO, IrTxD, IrRxD, TxD1, RxD1, SCK1,

« Open-drain TxD4, RxD4, SCK4), interrupt input pins (IRQ4, IRQ5), and IIC
output EETS%SCKM (channel 0 and 1) I/O pins (SCLO, SDAO, SCL1, SDA1)
capability

. P34 /RxD1/SDAO

» Schmitt- / /
wiggered | P33 /TXD1/SCLL
input (P35, |P32 /SCKO/SDAL/IRQ4
P32) P31 /RxDO/IrRXD

P30 /TxDO/IrTxD
Port 4 | 8-bitinput |P47 /AN7/DA1 8-bit input port also functioning as A/D converter analog inputs
port P46 /ANG/DAO (AN7 to ANO) and D/A converter analog outputs (DA1, DAQ)
P45 J/ANS
P44 /AN4
P43 /AN3
P42 /AN2
P41 /AN1
P40/ANO
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 7 | 8-bit /O P77/TxD3 8-bit 1/0 port also functioning as 8-bit timer I/O |8-bit I/O port
port P76/RxD3 pins (TMRI01, TMCI01, TMRI23, TMCI23, also function-
TMOO, TMO1, TMO2, TMO3), DMAC /O pins |ing as 8-bit
P75/TMO3/SCK3 (DREQO, TENDO, DREQT, TEND), bus timer 1/O pins
P74/TMO2/MRES control output pins (CS4 to CS7), the IIC input |(TMRIO1,
___ pin (SYNCI), SCI I/O pins (SCK3, RxD3, TMCIO01,
@TMOUTEND” TxD3), and the manual reset input pin (MRES) | TMRI23,
cs7 TMCI23,
P72/TMOO/TENDO/ TMOO, TMO1,
CS6/SYNCI TMO2, TMO3),
P7L/TMRI23/TMCI23/ (DD'VF'{?E%'(?O pins
DREQ1/CS5 e
Q TENDO,
P70/TMRI01/TMCI01/ DREQT,
DREQO/CS4 TENDT), the
IIC input pin
(SYNCI), sClI
I/O pins
(SCK3, RxD3,
TxD3), and the
manual reset
input pin
(MRES)
Port 9 | 8-bitinput |P97/AN15/DA3 8-bit input port also functioning as A/D converter analog inputs
port P96/AN14/DA2 (AN15 to AN8) and D/A converter analog outputs (DA3, DA2)
P95/AN13
P94/AN12
P93/AN11
P92/AN10
P91/AN9
P90/AN8
Port A |+ 4-bit I/0 PA3/A19/SCK2 4-bit I/O port also functioning as SCI (channel |4-bit I/O port
port PA2/A18/RXD2 2) 1/0 pins (TxD2, RxD2, SCK2) and address _also function-
« Built-in P ALIALT/TXD2 outputs (A19 to A16) ing as SCI
X
MOS input (char_mel 2)
pull-up PAO/AL6 I/0 pins (TxD2,
RxD2, SCK2)
* Open-drain
output
capability
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port B |« 8-bit /O PB7/A15/TIOCB5 8-bit 1/0 port also functioning as TPU 1/O pins |8-bit I/O port
port PB6/A14/TIOCAS (TIOCBS5, TIOCAS5, TIOCB4, TIOCA4, TIOCD3,|also o

« Built-in TIOCC3, TIOCB3, TIIOCA3) and address functioning as
MOS input PB5/A13/TIOCB4 outputs (A15 to A8) TPU I/O pins
pull-up PB4/A12/TIOCA4 (TIOCBS,

TIOCAS5,

. Open_drain PB3/A11/TIOCD3 T|OCB4,
output PB2/A10/TIOCC3 TIOCA4,
capabilit

PO pB1/AGITIOCES TIOCDs,

TIOCC3,

PBO/A8/TIOCA3 TIOCBS3,

TIIOCA3)
Port C |« 8-bit /O PC7/A7/PWM1 8-bit 1/0 port also functioning as 14-bit PWM 8-bit 1/0 port
port PC6/A6/PWMO (channel 1 and 0) output pins (PWM1, PWMO0) _also funct|o_n-

« Built-in and address outputs (A7 to AQ) ing as 14-bit

PC5/A5
MOS input PWM (channel
pull-up PC4/A4 1 and 0) output
pins (PWM1,

« Open-drain |PC3/A3 PWMO)
output PC2/A2
capability

PC1/A1
PCO /A0
Port D |« 8-hit I/O PD7 /D15 Data bus input/output 1/O port
port PD6/D14

*Builtin - pp5n3

MOS input
PD3/D11
PD2/D10
PD1/D9
PDO /D8
Port E | 8-bit /O PE7/D7 In 8-bit-bus mode: I/O port 1/O port
port PE6/D6 In 16-bit-bus mode: data bus input/output

* Builtin - ppgpg
MOS input
pu”_up PE4/D4

PE3/D3

PE2/D2

PE1/D1

PEO /DO
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port F | 8-bit 110 PF7 /o When DDR = 0: input port When
port When DDR = 1 (after reset): g output DDR =0 (after
reset): input
port
When
DDR=1:9g
output
PF6 /AS/LCAS RD, HWR, LWR outputs I/O port
PF5 /RD ADTRG, IRQS input ADTRG, IRQ3
PF4 /[HWR When LCASS = 0: AS output input
PF3/LWR/ADTRG/ When RMTS2 to RMTSO0 = B'001 to B'011,
IRQ3 CW?2 =0, and LCASS = 1: LCAS output
PF2/LCAS/WAIT/ When WAITE = 0 and BREQOE = 0 (after I/0 port
BREQO reset): I/O port
When WAITE = 1 and BREQOE = 0: WAIT
input
When WAITE = 0 and BREQOE = 1: BREQO
input
When RMTS2 to RMTSO0 = B'001 to B'011,
CW2 =0, and LCASS = 0: LCAS output
PF1/BACK/BUZZ When BRLE = 0 (after reset): /0 port BUZZ output
PFO/BREQ/IRQ2 When BRLE = 1: BREQ input, BACK output IRQ2 input
BUZZ output, IRQ2 input I/0 port
Port G|« 5-bit I/0 PG4 /CS0 When DDR = 0*1: input port I/O port
port When DDR = 1*2: CSO0 output
PG3/CS1 When DDR = 0 (after reset): input port I/0 port, IRQ7
PG2/CS2 When DDR = 1: CS1, CS2, CS83 outputs input
PG1 /CS3/OE/IRQ7  |OE output, IRQ7 input
PGO /CAS/IRQ6 DRAM space set: CAS output I/0 port, IRQ6
Otherwise (after reset): 1/0O port input
TRQ6 input
Notes: *1 After a reset in mode 6
*2 After a reset in modes 4 or 5
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10A.2 Port1l

10A.2.1 Overview

Port 1 isan 8-bit I/0O port. Port 1 pins also function as PPG output pins (PO15 to PO8), TPU 1/0
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAOQ, TIOCBO, TIOCCO, TIOCDO, TIOCAL,
TIOCB1, TIOCA2, and TIOCB2), DMAC output pins (DACKO and DACK1), 14-bit PWM
output pins (PWM2 and PWM3) external interrupt pins (IRQO and IRQ1), and address bus output
pins (A23to A20). Port 1 pin functions change according to the operating mode.

Figure 10A-1 shows the port 1 pin configuration.

Port 1 pins
Pin functions in modes 4to 6

~+— P17 (I/O) / PO15 (output) / TIOCB2 (1/0) / PWM3 (output) / TCLKD (input)
— P16 (I/0) / PO14 (output) / TIOCA2 (1/O) / PWM2 (output) / TRQT (input)
~—m P15 (1/0) / PO13 (output) / TIOCBL1 (I/O) / TCLKC (input)

— P14 (1/0) / PO12 (output) / TIOCAL (1/0) / TRQO (input)

Port 4 ~—> P13 (1/0) / PO11 (output) / TIOCDO (I/O) / TCLKB (input) / A23 (output)
~+— P12 (I/O) / PO10 (output) / TIOCCO (I/O) / TCLKA (input) / A22 (output)

- P11 (1/0)/ PO9 (output) / TIOCBO (1/0) / DACKT (output) / A21 (output)

~—» P10 (I/0) / PO8 (output) / TIOCAO (1/0) / DACKO (output) / A20 (output)

Pin functions in mode 7

P17 (1/0) / PO15 (output) / TIOCB2 (1/0) / PWM3 (output) / TCLKD (input)
P16 (1/0) / PO14 (output) / TIOCA2 (1/0) / PWM2 (output) / IRQT (input)
P15 (1/0) / PO13 (output) / TIOCB1 (I/O) / TCLKC (input)

P14 (I/0) / PO12 (output) / TIOCAL (1/0) / TRQO (input)

P13 (1/0) / PO11 (output) / TIOCDO (I/O) / TCLKB (input)

P12 (1/0) / PO10 (output) / TIOCCO (1/0) / TCLKA (input)

P11 (/0) / PO9 (output) / TIOCBO (I/0) / DACKT (output)

P10 (I/0) / PO8 (output) / TIOCAO (1/0) / DACKO (output)

Figure 10A-1 Port 1 Pin Functions
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10A.2.2 Register Configuration

Table 10A-2 shows the port 1 register configuration.

Table 10A-2 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR w H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR| P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | PLODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PADDR cannot be read; if it is, an undefined value will be read.

Setting a PIDDR hit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. Because PPG, TPU, and DMAC are
initialized at a manual reset, pin states are determined by PIDDR and P1DR.

Port 1 Data Register (P1DR)

Bit L7 6 5 4 3 2 1 0

| P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P1ODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR isan 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by amanual reset or in software standby mode.
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Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
\ P17 \ P16 \ P15 \ P14 ‘ P13 ‘ P12 ] P11 ] P10 \

Initial value : —* —* —* —* = _* _ o

RIW : R R R R R R R R

Note: * Determined by state of pins P17 to P10.

PORT1 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PLDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT1 contents are determined by the pin
states, as PIDDR and P1DR areinitialized. PORT1 retainsiits prior state by a manual reset or in
software standby mode.
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10A.2.3 Pin Functions

Port 1 pins also function as PPG output pins (PO15 to PO8), TPU 1/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCAQO, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and
TIOCB2), DMAC output pins (DACKO and DACK1), external interrupt input pins (IRQO and
IRQI), 14-bit PWM output pins (PWM2 and PWM3), and address bus output pins (A23 to A20).
Port 1 pin functions are shown in table 10A-3.

Table 10A-3 Port 1 Pin Functions

Pin Selection Method and Pin Functions
P17/PO15/ The pin function is switched as shown below according to the combination of
TIOCB2/PWM3/  the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0O
TCLKD in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO in
TCRO and TCR5, OEB bit in DACR3, bit NDER15 in NDERH, and bit P17DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
OEB — 0 0 0 1
P17DDR — 0 1 1 —
NDER15 — — 0 1 —
Pin function TIOCB2 output P17 P17 PO15 PWM3
input output output output
TIOCB2 input**
TCLKD input*?

Notes: *1 TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1.
*2 TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO =B'111.
TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting 2 @) 2 2 @) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxx B'OlOl to

B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin Selection Method and Pin Functions

P16/PO14/ The pin function is switched as shown below according to the combination of
TIOCA2/PWM2/  the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOA0
IRQ1 in TIOR2, and bits CCLR1 and CCLRO in TCR2), OEA bit in DACR3, bit
NDER14 in NDERH, and bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
OEA — 0 0 0 1
P16DDR — 0 1 1 —
NDER14 — — 0 1 —
Pin function TIOCAZ2 output P16 P16 PO14 PWM2
input output | output | output
TIOCA2 input**

IRQ1 input
TPU Channel
2 Setting 2 Q) 2 Q) Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: *1 TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 =
1.

*2 TIOCB2 output is disabled.
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Pin

Selection Method and Pin Functions

P15/PO13/
TIOCB1/TCLKC

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOBO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in
TCRO, TCR2, TCR4, and TCRS5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P15DDR — 0 1 1

NDER13 — — 0 1

Pin function TIOCBL1 output P15 P15 PO13
input output output

TIOCB1 input**
TCLKC input*?2

Notes: *1 TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to IOBO = B'10xx.
*2 TCLKC input when the setting for either TCRO or TCR2 is: TPSC2
to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is
TPSC2 to TPSCO = B'101.
TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting (2) (2) (2) (2) (2) (2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lXXX B'OlOl to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin Selection Method and Pin Functions
P14/P0O12/ The pin function is switched as shown below according to the combination of
TIOCAL/IRQO the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and
bit P14DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCAL output P14 P14 PO12
input output output
TIOCAL input**
IRQO input
TPU Channel
1 Setting 2) (1) 2) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOA0 | B'O000 |B'0001 to| B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'1xxx B'OlOl to B'xx00
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: *1 TIOCA1 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
IOAQ = B'10xx.
*2 TIOCBL1 output is disabled.
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Pin Selection Method and Pin Functions

P13/PO11/ The pin function is switched as shown below according to the combination of
TIOCDO/TCLKB/  the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
A23 TMDRO, bits IOD3 to IODO in TIOROL, and bits CCLR2 to CCLRO in TCRO),

bits TPSC2 to TPSCO in TCRO to TCR2, bits AE3 to AEO in PFCR, bit
NDER11 in NDERH, and bit P13DDR.

Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P13DDR — 0 1 1 —
NDER11 — — 0 1 —
Pin function TIOCDO | P13 input | P13 output PO11 A23 output

output output

TIOCDO input**
TCLKB input*?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO P13 input P13 output PO11 output
output
TIOCDO input**
TCLKB input*?

Notes: *1 TIOCDO input when MD3 to MDO = B'0000, and 10D3 to 10DO0 =
B'10xx.

*2 TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.
TCLKB input when channels 1 and 5 are set to phase counting

mode.
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Pin Selection Method and Pin Functions

P13/PO11/ TPU Channel
TIOCDO/TCLKB/ | 0 Setting ) (1) ) ) (1) )
A23 (cont) MD3 to MDO B'0000 B'0010 B'0011
I0OD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin Selection Method and Pin Functions

P12/PO10/ The pin function is switched as shown below according to the combination of
TIOCCO/TCLKA/  the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
A22 TMDRO, bits IOC3 to IOCO in TIOROL, and bits CCLR2 to CCLRO in TCRO),

bits TPSC2 to TPSCO in TCRO to TCRS5, bits AE3 to AEO in PFCR, bit
NDER10 in NDERH, and bit P12DDR.

Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P12DDR — 0 1 1 —
NDER10 — — 0 1 —
Pin function TIOCCO P12 P12 PO10 A22 output
output input output output
TIOCCO input**
TCLKA input*?

Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO P12 input P12 output PO10 output
output
TIOCCO input**

TCLKA input*?
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Pin Selection Method and Pin Functions

P12/P0O10/ TPU Channel
TIOCCO/TCLKA/ | O Setting 2) (1) 2) (1) (1) 2)
A22 (cont) MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0OC3 to IOCO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don't care
Notes: *1 TIOCCO input when MD3 to MDO = B'0000, and IOC3 to IOCO =
B'10xx.
*2 TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

*3 TIOCDO output is disabled.
When BFA = 1 or BFB = 1 in TMDRO, output is disabled and
setting (2) applies.
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Pin Selection Method and Pin Functions

P11/PO9/TIOCBO/ The pin function is switched as shown below according to the combination of

DACK1/A21 the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, and bits I0B3 to IOBO0 in TIOROH), bits AE3 to AEO in PFCR, bit
NDER9 in NDERH, SAEL1 bit in DMABCRH, and bit P11DDR.

Operating Modes 4 to 6

mode

AE3 to AEO B'0000 to B'1101 B'1110 to

B'1111

SAE1 0 1 —

TPU Channel Table Table Below (2) — —

0 Setting Below (1)

P11DDR — 0 1 1 — —

NDER9 — — 0 1 — —

Pin function TIOCBO P11 P11 PO9 | DACK1 A21
output input output | output | output | output

TIOCBO input*

Operating Mode 7

mode

AE3 to AEO —

SAE1 0 1

TPU Channel Table Table Below (2) —

0 Setting Below (1)

P11DDR — 0 1 1 —

NDER9 — — 0 1 —

Pin function TIOCBO P11 P11 PO9 DACK1
output input output output output

TIOCBO input*

Note: *  TIOCBO input when MD3 to MDO = B'0000, and IOB3 to IOB0 =
B'10xx.
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Pin Selection Method and Pin Functions

P11/PO9/TIOCBO/ | TPU Channel

DACK1/A21 (cont) | O Setting @) 1) @) @) 1) @)
MD3 to MDO B'0000 B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001to  — B'Xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxX B'0101 to

B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010

Output — Output — — PWM —
function compare mode 2

output output

x: Don't care
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Pin

Selection Method and Pin Functions

P10/PO8/TIOCAO/ The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, bits IOA3 to IOAQ in TIOROH, and bits CCLR2 to CCLRO in TCRO),
bits AE3 to AEO in PFCR, bit NDERS8 in NDERH, SAEO bit in DMABCRH, and

DACKO/A20

bit P10DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1101 to
B'1111

SAEOQ 0 1 —
TPU Channel Table Table Below (2) — —
0 Setting Below (1)
P10DDR — 0 1 1 — —
NDERS — — 0 1 — —
Pin function TIOCAO P10 P10 PO8 | DACKO | A20

output input output | output | output | output

TIOCAOQ input**

Operating Mode 7
mode
AE3 to AEO —
SAEO 0 1
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P10DDR — 0 1 1 —
NDERS — — 0 1 —
Pin function TIOCAO P10 P10 POS8 DACKO

output input output output output

TIOCAO input**
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Pin Selection Method and Pin Functions
P10/POS8/TIOCAO/ | TPU Channel
DACKO0/A20 (cont) | 0 Setting 2 (D) 2 @) @) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0A3 to IOA0 | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don't care

Notes: *1 TIOCAO input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.

*2 TIOCBO output is disabled.
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10A.3 Port3

10A.3.1 Overview

Port 3 isan 8-hit I/O port. Port 3 is a multi-purpose port for SCI 1/O pins (TxDO0, RxDO, SCKO,

IrTxD, IrRxD, TxD1, RxD1, SCK1, TxD4, RxD4, and SCK4), external interrupt input pins (IRQ4
and IRQ5) and 11C 1/O pins (SCLO, SDAO, SCL1, and SDA1). All of the port 3 pin functions have
the same operating mode. The configuration for each of the port 3 pinsis shown in figure 10A-2.

Port 3 pins

~—— P35 (1/0) / SCK1 (I/O) /

Port 3

~—— P37 (I/0) / TxD4 (output)
~+—— P36 (I/0O) / RxDA4 (input)

< P33 (1/0) / TxD1 (input) / SCL1 (1/O)

SCK4 (1/0) / SCLO (1/0) / TRQ5 (input)
«—— P34 (1/0) / RxD1 (input) / SDAO (I/O)

-——— P32 (I/0) / SCKO (1/0) / SDAL1 (1/0) / TRQ4 (input)
~+—— P31 (1/O) / RxDO (input) / IrRxD (input)
~—— P30 (I/0O) / TxDO (output) / IrTxD (output)

Figure 10A-2 Port 3 Pin Functions

10A.3.2 Register Configuration
Table 10A-4 shows the configuration of port 3 registers.

Table 10A-4 Port 3 Register Configuration

Name Abbreviation R/W Initial Value Address*
Port 3 data direction register P3DDR W H'00 H'FE32
Port 3 data register P3DR R/W  H'00 H'FF02
Port 3 register PORT3 R Undefined H'FFB2
Port 3 open drain control register P30ODR R/W  H'00 H'FE46
Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit L7 6 5 4 3 2 1 0

| P37DDR | P36DDR | P35DDR | P34DDR | P33DDR | P32DDR | P31DDR| P30DDR |
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P3DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 3 pin by hit.
Read isdisenabled. If aread is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to 0 they
become input.

P3DDRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. SCI and I1C are initialized, so
the pin state is determined by the specification of P3BDDR and P3DR.

Port 3 Data Register (P3DR)

Bit L7 6 5 4 3 2 1 0
| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P35 to
P30).

P3DRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
is maintained by a manual reset and in software standby mode.
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Port 3 Register (PORT3)

Bit L7 6 5 4 3 2 1 0

| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |
Initial value : —* —* —* _* _* _* _ _x
RIW . R R R R R R R R

Note: * Determined by the state of pins P37 to P30.
PORT3 is an 8-bit read-dedicated register, which reflects the state of pins. Writeis disenabled.
Always carry out writing off output data of port 3 pins (P37 to P30) to P3DR without fail.

When P3DDRisset to 1, if port 3isread, the values of P3DR are read. When P3DDR is cleared to
0, if port 3isread, the states of pinsare read out.

P3DDR and P3DR areinitialized by a power-on reset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained by amanual reset and in
software standby mode.

Port 3 Open Drain Control Register (P3ODR)

Bit L7 6 5 4 3 2 1 0

| P370DR | P360DR | P350DR | P340DR | P330DR | P320DR| P310DR| P300DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW RW

P30DR is an 8-hit readable/writable register, which controls the on/off of port 3 pins (P37 to P30).

By setting P3ODR to 1, the port 3 pins become an open drain out, and when cleared to O they
become CMOS output.

P30ODR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode.
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10A.3.3 Pin Functions

The port 3 pins double as SCI 1/0 input pins (TxDO, RxDO, SCKO0, TxD1, RxD1, and SCK1). The
functions of port 3 pins are shown in table 10A-5.

Table10A-5 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P37/TxD4 Switches as follows according to combinations of SCR TE bit of SCI4 and the
P37DDR bhit.
TE 0 1
P37DDR 0 1 —
Pin function P37 input pin P37 output pin* TxD4 output pin

Note: * When P370DR = 1, it becomes NMOS open drain output.

P36/RxD4 Switches as follows according to combinations of SCR RE bit of SCI4 and the

P36DDR bit.

RE 0 1
P36DDR 0 1 —

Pin function P36 input pin P36 output pin* RxD4 input pin

Note: * When P360DR = 1, it becomes NMOS open drain output.

P35/SCK1/ Switches as follows according to combinations of ICCRO ICE bit of 1IC0O, SMR C/A
SCK4/SCLO/ bit of SCI1 or SCI4, SCR CKEO and CKEL1 bits, and the P35DDR bit.

IRQ5 When used as a SCLO I/O pin, always be sure to clear the following bits to 0: SMR

C/A bits of SCI1 or SCl4, and SCR CKEO and CKEL1 bits. Do not set SCK1 and
SCKA4 to simultaneous output.

The SCLO output format is NMOS open drain output, enabling direct bus driving.

ICE 0 1
CKEL1 (SCI1) 0 0,1,1 0
CKEL1 (SCl4) 0 1,0,1 0
C/A (SCI1) 0 1 B 0
C/A (SCl4) 0 1 0
CKEO (SCI1) 0 0,1, 1*? B B 0
CKEO (SCl4) 0 1,0, 1*2 0
P35DD 0 1 — — — —
Pin function P35 P35 SCK1/SCK4| SCK1/SCK4 | SCK1/SCK4| SCLO
input pin | output pin*?| output pin*! | output pin*! | input pin | 1/O pin
IRQ5 input

Notes: *1 Output type is NMOS push-pull. When P350DR = 1, it becomes NMOS open
drain output.
*2 SCK1 and SCK4 must not be output simultaneously.
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Pin Selection Method and Pin Functions
P34/RxD1/ Switches as follows according to combinations of ICCRO ICE bit of 1IC0, SCR RE bit
SDAO of SCI1, and the P34DDR bit.
The SDAO output format becomes NMOS open drain output, enabling direct bus
driving.
ICE 0 1
RE 0 1 —
P34DDR 0 1 — —
Pin function P34 input pin | P34 output pin* | RxD1 input pin | SDAO I/O pin
Note: * Output type is NMOS push-pull. When P340DR = 1, it becomes NMOS
open drain tray.
P33/TxD1/ Switches as follows according to combinations of ICCR1 ICE bit of 1IC1, SCR TE bit
SCL1 of SCI1 and the P33DDR bit.
The SCL1 output format becomes NMOS open drain output, enabling direct bus
driving.
ICE 0 1
TE 0 1 —
P33DDR 0 1 — —
Pin function P33 input pin | P33 output pin* [TxD1 output pin* SCL1 I/O pin*
Note: * When P330DR = 1, it becomes NMOS open drain output.
P32/SCKO/  Switches as follows according to combinations of ICCR1 ICE bit of IC1, SMR C/A
SDA1/IRQ4  bit of SCIO, SCR CKEO and CKEL1 bits, and the P32DDR bit.

If using as an SDAL input pin, always set SMR C/A bit of SCI0 and SCR CKEO and
CKEL1 bits to 0 without fail.

The SDAL1 output format becomes NMOS open drain output, enabling direct bus
driving.

ICE 0 1

CKE1l 0 1 0

C/IA 0 1 — 0

CKEO 0 1 — — 0

P32DDR 0 1 — — — —

Pin function P32 P32 SCKO SCKO SCKO SDAl
input pin | output pin joutput pin*|output pin*| input pin | 1/O pin

IRQ4 input

Note: * When P320DR = 1, it becomes NMOS open drain output.
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Pin Selection Method and Pin Functions
P31/RxD0/ Switches as follows according to combinations of SCR RE bit of SCIO and the
IrRxD P31DDR bit.
RE 0 1
P31DDR 0 1 —
Pin function P31 input pin | P31 output pin* RxDO/IrRXD input pin
Note: * When P310DR = 1, it becomes NMOS open drain output.
P30/TxD0/ Switches as follows according to combinations of SCR TE bit of SCI0O and the
IrTxD P30DDR hit.
TE 0 1
P30DDR 0 1 —
Pin function P30 input pin | P30 output pin* TxDO/IrTxD output pin*
Note: * When P300DR = 1, it becomes NMOS open drain output.
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10A.4 Port 4

10A.4.1 Overview

Port 4 is an 8-hit input-only port. Port 4 pins aso function as A/D converter analog input pins

(ANO to AN7) and D/A converter analog output pins (DAO and DA1). Port 4 pin functions are the

samein all operating modes. Figure 10A-3 shows the port 4 pin configuration.

Port 4

Port 4 pins

P47 (input) / AN7 (input) / DAL (output)
P46 (input) / AN6 (input) / DAO (output)
P45 (input) / AN5 (input)
P44 (input) / AN4 (input)
P43 (input) / AN3 (input)
P42 (input) / AN2 (input)
P41 (input) / AN1 (input)
P40 (input) / ANO (input)

Figure 10A-3 Port 4 Pin Functions
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10A.4.2 Register Configuration

Table 10A-6 shows the port 4 register configuration. Port 4 is an input-only port, and does not
have a data direction register or data register.

Table 10A-6 Port 4 Registers

Name Abbreviation R/W Initial Value Address*
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit L7 6 5 4 3 2 1 0
| P47 | Pa6 | Pas | Pa4 | P43 | Pa2 | Pa1 | pPao |

Initial value : —* —* —* —* —* _* _* _

RIW . R R R R R R R R

Note: * Determined by state of pins P47 to P40.

10A.4.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO and DAL).
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10A.5 Port7

10A.5.1 Overview

Port 7 is an 8-hit I/O port. Port 7 is a multipurpose port for the 8-bit timer I/O pins (TMRIO1,
TMCIO01, TMRI23, TMCI23, TMOO, TMQO1, TMO2, and TMO3), DMAC I/0 pins (DREQO,
TENDO, DREQI, and TEND1), bus control output pins (CS4 to CS7), I1C input pin (SYNCI), SCI
1/0 pins (SCK3, RxD3, and TxD3) and manual reset input pin (MRES). The pin functions for P77
to P74 are the same in all operating modes. P73 to P70 pin functions are switched according to
operating mode.

Figure 10A-4 shows the configuration for port 7 pins.

Port 7 pins Pin functions in modes 4 to 6
l«—— P77/ TxD3 P77 (1/0) / TxD3 (output)
«—— P76/ RxD3 P76 (1/0) / RxD3 (input)
l«—— P75/ TMO3/ SCK3 P75 (1/0) / TMO3 (output) / SCK3 (1/0)
Port7 («—— P74/ TMO2/MRES P74 (1/0) / TMO2 (output) / MRES (input)
l«—— P73/ TMO1/TEND1/CS7 P73(1/0) / TMO1 (output) / TENDT (output) / CS7 (output)
l«—— P72/ TMOO / TENDO / CS6 / SYNCI P72 (1/0) / TMOO (output) / TENDO (output) / CS6 (output) / SYNCI (input)
l+—— P71/ TMRI23/TMCI23/DREQ1/CS5  P71(1/O)/ TMRI23 (input) / TMCI23 (input) / DREQT (input) / CS5 (output)
l«—— P70/ TMRIO1/ TMCIO1 / DREQO / CS4 P70 (1/0) / TMRIO1 (input) / TMCIO1 (input) / DREQO (input) / CS4 (output)

Pin functions in mode 7

P77 (1/0) / TXD3 (output)

P76 (1/0) / RxD3 (input)

P75 (1/0) / TMO3 (output) / SCK3 (1/O)

P74 (1/0) / TMO2 (output) / MRES (input)

P73(1/0) / TMO1 (output) / TENDT (output)

P72 (1/0) / TMOO (output) / TENDO (output) / SYNCI (input)
P71 (1/0) / TMRI23 (input) / TMCI23 (input) / DREQT (input)
P70 (1/0) / TMRIO1 (input) / TMCIO1 (input) / DREQO (input)

Figure 10A-4 Port 7 Pin Functions

389
RENESAS




10A.5.2 Register Configuration
Table 10A-7 shows the port 7 register configuration.

Table 10A-7 Port 7 Register Configuration

Name Abbreviation R/W Initial Value  Address*
Port 7 data direction register P7DDR w H'00 H'FE36
Port 7 data register P7DR R/W H'00 H'FF06
Port 7 register PORT? R Undefined H'FFB6

Note: * Lower 16 bits of the address.

Port 7 Data Direction Register (P7DDR)

Bit L7 6 5 4 3 2 1 0

| P77DDR | P76DDR | P75DDR | P74DDR | P73DDR | P72DDR | P71DDR| P70DDR |
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P7DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 7 pin by bit.
Read is disenabled. If aread is carried out, undefined values are read out.

By setting P7TDDR to 1, the corresponding port 7 pins become output, and by clearing to 0 they
become input.

P7DDRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. DMAC, 8-bit timer and SCI
areinitialized by a manual reset, so the pin state is determined by the specification of P7DDR and
P7DR.
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Port 7 Data Register (P7DR)

Bit L7 6 5 4 3 2 1 0

| P77DR | P76DR | P75DR | P74DR | P73DR | P72DR | P71DR | P70DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW  RW  RW

P7DR is an 8-bit readable/writable register, which stores the output data of port 7 pins (P77 to
P70).

P7DR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
ismaintained by a manual reset and in software standby mode.

Port 7 Register (PORT?7)

Bit .7 6 5 4 3 2 1 0
| Pz | pr6 | Pis | P7ra | Pz | P2 | P11 | P70 |

Initial value : —* —* _x _x _x _* o %

RIW . R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

PORT?7 is an 8-bit read-dedicated register, which reflects the state of pins. Writeis disenabled.
Always carry out writing off output data of port 7 pins (P77 to P70) to P7DR without fail.

When P7DDR isset to 1, if port 7 isread, the values of P7DR are read. When P7DDR is cleared to
0, if port 7 isread, the states of pins are read out.

P7DDR and P7DR areinitialized by a power-on reset and in hardware standby mode, so PORT7 is
determined by the state of the pins. The previous state is maintained by amanual reset and in
software standby mode.
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10A.5.3 Pin Functions

The pins of port 7 are multipurpose pins which function as 8-bit timer 1/O pins, (TMRIO0L,
TMCIO1, TMRI23, TMCI23, TMOO, TMO1, TMO2, and TMO3), DMAC I/O pins (DREQO,
TENDO, DREQI, and TEND1), bus control output pins (CS4 to CS7), I1C input pin (SYNCI), SCI
1/0 pins (SCK3, RxD3, and TxD3) and manual reset input pin (MRES). Table 10A-8 shows the
functions of port 7 pins.

Table 10A-8 Port 7 Pin Functions

Pin Selection Method and Pin Functions
P77/TxD3 Switches as follows according to combinations of SCR TE bit of SCI3, and the
P77DDR bit.
TE 0 1
P77DDR 0 1 —
Pin function P77 input pin | P77 output pin TxD3 output pin

P76/RxD3 Switches as follows according to combinations of SCR RE bit of SCI3 and the

P76DDR bit.

RE 0 1
P76DDR 0 1 —

Pin function P76 input pin | P76 output pin RxD3 /O pin

P75/TMO3/  Switches as follows according to combinations of SMR C/A bit of SCI3, SCR CKEOQ

SCK3 and CKEL1 bits, TCSR3 OS3 to OSO0 bits of the 8-bit timer, and the P75DDR bit.
0S3to 0S0 All0 Anyis 1
CKE1l 0 1 —
C/A 0 1 — —
CKEO 0 1 — — —
P75DDR 0 1 — — — —
Pin function P75 P75 SCK3 SCK3 SCK3 TMO3

input pin | output pin | output pin | output pin| input pin output
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Pin

Selection Method and Pin Functions

P74/TMO2/  Switches as follows according to combinations of TCSR2 OS3 to OSO0 bits of the 8-
MRES bit timer, SYSCR MRESE bit and the P74DDR bhit.
MRESE 0 1
0S31to0 OS0 All 0 Anyis 1 —
P74DDR 0 1 — —
Pin function P74 input pin | P74 output pin | TMO2 output | MRES input pin
P73/TMO1/  Switches as follows according to combinations of operating mode and DMATCR
TEND1/CS7 TEEL bit of DMAC, TCSR1 OS3 to OSO bits of the 8-bit timer, and the P73DDR bit.
Operating Modes 4 to 6 Mode 7
Mode
TEE1 0 1 0 1
0S3to OSO AllO Anyisl — AllO Anyisl —
P73DDR 0 1 — — 0 1 — —
Pin function P73 CS7 | TMO1 | TEND1| P73 P73 | TMO1 | TEND1
input | output| output | output| input | output| output | output
pin pin pin pin
P72/TMOO/  Switches as follows according to combinations of operating mode and DMATCR
TENDO/CS6/ TEEO bit of DMAC, OS3 to OSO0 bits of 8-bit timer TCSRO, and the P72DDR bit.
SYNCI Operating Modes 4 to 6 Mode 7
Mode
TEEO 0 1 0 1
0S3to OSO AllO Anyisl — AllO Anyisl —
P72DDR 0 1 — — 0 1 — —
Pin function P72 CS6 | TMOO | TEND1| P72 P72 | TMOO | TEND1
input | output| output | output| input | output| output | output
pin pin pin pin
SYNCI — SYNCI input
input
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Pin

Selection Method and Pin Functions

P71/TMRI23/ Switches as follows according to operating mode and P71DDR.

TMCI23/

__ | Operating Modes 4 to 6 Mode 7
DREQ1/CS5 | vode
P71DDR 0 1 0 1
Pin function | P71 input Pin CS5 output P71 input pin | P71 output pin
DREQO, — DREQO, TMRI23, TMCI23 input
TMRI23,
TMCI23 input
P70/TMRIO1/ Switches as follows according to operating mode and P70DDR.
TMCI0l/ Operating Modes 4 to 6 Mode 7
DREQO/CS4 | \vode
P70DDR 0 1 0 1
Pin function P70 input pin CS4 output P70 input pin | P70 output pin
DREQO, — DREQO, TMRIO01, TMCIO1 input
TMRIO1, TMCIO1
input
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10A.6 Port9

10A.6.1 Overview

Port 9 is an 8-hit input-only port. Port 9 pins aso function as A/D converter analog input pins
(AN8to AN15) and D/A converter analog output pins (DA2 and DA3). Port 9 pin functions are
the samein all operating modes. Figure 10A-5 shows the port 9 pin configuration.

Port 9 pins

Port 9

~—— P97 (input) / AN15 (input) / DA3 (output)
~«—— P96 (input) / AN14 (input) / DA2 (output)
~—— P95 (input) / AN13 (input)
~—— P94 (input) / AN12 (input)
~—— P93 (input) / AN11 (input)
——— P92 (input) / AN10 (input)
—— P91 (input) /AN9 (input)

~—— P90 (input) / AN8 (input)

Figure 10A-5 Port 9 Pin Functions
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10A.6.2 Register Configuration

Table 10A-9 shows the port 9 register configuration. Port 9 is an input-only port, and does not
have a data direction register or data register.

Table 10A-9 Port 9 Registers

Name Abbreviation R/W Initial Value Address*

Port 9 register PORT9 R Undefined H'FFB8
Note: * Lower 16 bits of the address.

Port 9 Register (PORT9): The pin states are always read when a port 9 read is performed.

Bit L7 6 5 4 3 2 1 0

| P97 | P96 | Pos | P94 | Pe3 | P92 | Por | P90 |
Initial value : —* —* —* —* —* _* _* _
RIW . R R R R R R R R

Note: * Determined by state of pins P97 to P90.

10A.6.3 Pin Functions

Port 9 pins are multipurpose pins which function as A/D converter analog input pins (AN8 to
AN15) and D/A converter analog output pins (DA2 and DA3).
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10A.7 Port A

10A.7.1 Overview

Port A isa4-bit 1/0 port. Port A pins also function as address bus outputs and SCI2 /O pins

(SCK2, RxD2, and TxD2). The pin functions change according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 10A-6 shows the port A pin configuration.

Port A

Port A pins

PA3/A19/SCK2
PA2/A18/RxD2
PAL1/A17/TxD2
PAO/A16

Pin functions in modes 4to 6

PA3 (1/0) / A19 (output) / SCK2 (I/O)
PA2 (1/0) / A18 (output) / RxD2 (input)
PA1 (I/0) / A17 (output) / TxD2 (output)
PAO (I/0) / A16 (output)

Pin functions in mode 7

PA3 (1/0O) / SCK2 (output)
PA2 (1/0) / RxD2 (input)
PA1 (1/O) / TxD2 (output)
PAO (1/0)

Figure 10A-6 Port A Pin Functions
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10A.7.2 Register Configuration
Table 10A-10 shows the port A register configuration.

Table 10A-10 Port A Registers

Name Abbreviation R/W Initial Value*?>  Address*!
Port A data direction register PADDR W H'0 H'FE39
Port A data register PADR R/W H'0 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'0 H'FE40
Port A open-drain control register PAODR R/W H'0 H'FE47

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 3 to 0.

Port A Data Direction Register (PADDR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PA3DDR PA2DDR|PAIDDR PAODDR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S _ — _ w w W W

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

Bits 7 and 6 are reserved; they return an undetermined value if read.

PADDR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state by a manual reset or in software standby mode. The OPE bitin SBYCR is
used to select whether the address output pins retain their output state or become high-impedance
when atransition is made to software standby mode.

e Modes4to6

The corresponding port A pins become address outputs in accordance with the setting of bits
AE3to AEQ in PFCR, irrespective of the value of bits PA4ADDR to PAODDR. When pins are
not used as address outputs, setting a PADDR bit to 1 makes the corresponding port A pin an
output port, while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PADDR bhit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port A Data Register (PADR)

Bit L7 6 5 4 3 2 1 0

. — | — | = | — | Paspr| PA2DR| PAIDR | PAODR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW  RW  RW

PADR is an 8-hit readabl e/writable register that stores output data for the port A pins (PA7 to
PAOQ).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

PADR isinitialized to H'O (bits 3 to 0) by a powr-on reset, and in hardware standby mode. It
retains its prior state by a manual reset or in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | pPa3 | Pa2 | PAL | PAO |
Initial value : Undefined Undefined Undefined Undefined —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins PA3 to PAO.

PORTA isan 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA7 to PAO) must always be performed on PADR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If aport A read is performed while PADDR bits are set to 1, the PADR values areread. If aport A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR are initialized. PORTA retains its prior state by a manual reset or in
software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PasrPcr Pa2PCR| PAIPCR| PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW - — — — RW RW RW  RW

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified. In
modes 4 to 6, if apinisinthe input state in accordance with the settingsin PFCR, in the SCI's
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

Inmode 7, if apinisin the input state in accordance with the settingsin the SCI’s SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up
for that pin.

PAPCR isinitialized by a manual reset or to H'O (bits 3 to 0) by a power-on reset, and in hardware
standby mode. It retainsits prior state in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | PA3ODR PA20DR PA1ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RIW RW  RW RIW

PAODR is an 8-bit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA7 to PAQ).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PAODR hit makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to O makes the pin a CM OS output.

PAODR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state by a manual reset or in software standby mode.

400
RENESAS



10A.7.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, port A pins function as address outputs according to the setting of
AE3to AEQ in PFCR; when they do not function as address outputs, the pins function as SCI 1/O
pinsand /O ports.

Port A pin functions in modes 4 to 6 are shown in figure 10A-7.

~— PA3 (I/0) / A19 (output) / SCK2 (I/O)

~—» PA2 (1/0O) / A18 (output) / RxD2 (input)
Port A
—» PA1 (I/O) / A17 (output) / TxD2 (output)

~— PAO (I/0) / A16 (output)

Figure 10A-7 Port A Pin Functions (Modes 4 to 6)

Moaode 7: In mode 7, port A pinsfunction as 1/0 ports and SCI2 1/0O pins (SCK2, TxD2, and
RxD2). Input or output can be specified for each pin on an individua bit basis. Setting a PADDR
bit to 1 makes the corresponding port A pin an output port, while clearing the bit to 0 makes the
pin an input port.

Port A pin functions are shown in figure 10A-8.

~— PA3 (I/0O) / SCK2 (1/O)
~— PA2 (1/0) / RxD2 (input
Port A (0) (input)
~— PA1 (I/O) / TxD2 (output)

~— PAQ (I/O)

Figure 10A-8 Port A Pin Functions (Mode 7)

10A.7.4 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if apinisinthe input state in accordance with the settingsin PFCR, in the SCI’'s
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.
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Inmode 7, if apinisin the input state in accordance with the settingsin the SCI’s SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up

for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10A-11 summarizes the MOS input pull-up states.

Table 10A-11 MOS Input Pull-Up States (Port A)

Power-On  Hardware Manual Software In Other
Pin States Reset Standby Mode  Reset Standby Mode  Operations
Address output or OFF OFF OFF OFF OFF
SCI output
Other than above ON/OFF  ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PADDR = 0 and PAPCR = 1; otherwise off.
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10A.8 PortB

10A.8.1 Overview

Port B isan 8-bit I/O port. Port B pins also function as TPU 1/0O pins (TIOCA3, TIOCB3,
TIOCC3, TIOCD3, TIOCA4, TIOCB4, TIOCAS5, and TIOCB5) and as address outputs; the pin

functions change according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 10A-9 shows the port B pin configuration.

Port B

Port B pins

PB7/A15/TIOCB5
PB6/A14/TIOCA5S
PB5/A13/TIOCB4
PB4/A12/TIOCA4
PB3/A11/TIOCD3
PB2/A10/TIOCC3
PB1/A9 /TIOCB3
PBO/A8 /TIOCA3

Pin functions in modes 4to 6

PB7 (1/0) / A15 (output) / TIOCBS (I/O)
PB6 (I/0) / Al4 (output) / TIOCAS5 (1/O)
PB5 (1/0) / A13 (output) / TIOCB4 (1/O)
PB4 (1/0) / A12 (output) / TIOCA4 (1/O)
PB3 (I/0) / Al1 (output) / TIOCD3 (1/O)
PB2 (1/0) / A10 (output) / TIOCC3 (I/0)
PB1 (1/0) / A9 (output) / TIOCB3 (I/0)
PBO (I/0) / A8 (output) / TIOCA3 (1/0)

Pin functions in mode 7

PB7 (1/0) / TIOCBS5 (1/0)
PB6 (1/0) / TIOCAS5 (1/0)
PB5 (1/0) / TIOCB4 (1/0)
PB4 (1/0) / TIOCA4 (1/0)
PB3 (1/0) / TIOCD3 (I/O)
PB2 (1/0) / TIOCC3 (I/O)
PB1 (1/0) / TIOCB3 (1/0)
PBO (1/0) / TIOCA3 (1/0)

Figure 10A-9 Port B Pin Functions
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10A.8.2 Register Configuration
Table 10A-12 shows the port B register configuration.

Table 10A-12 Port B Registers

Name Abbreviation R/W Initial Value Address*
Port B data direction register PBDDR W H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41
Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit L7 6 5 4 3 2 1 0
'PB7DDR | PB6DDR| PBSDDR | PB4DDR PB3DDR | PB2DDR| PB1DDR | PBODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE bit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

e Modes4to6

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3to AEQ in PFCR, irrespective of the value of the PBDDR bits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port B Data Register (PBDR)

Bit L7 6 5 4 3 2 1 0

| PB7DR | PB6DR | PBSDR | PBADR | PB3DR | PB2DR | PBIDR | PBODR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBDR is an 8-hit readable/writable register that stores output data for the port B pins (PB7 to
PB0). PBDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains
its prior state by a manual reset or in software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

‘ PB7 ‘ PB6 ‘ PB5 ‘ PB4 ] PB3 ] PB2 \ PB1 \ PBO \
Initial value : —* — _* _* _ _x _ % %
RIW : R R R R R R R R

Note: * Determined by state of pins PB7 to PBO.

PORTB is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PB0) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR are initialized. PORTB retainsits prior state in software standby
mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit L7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PB5PCR| PBAPCR| PB3PCR| PB2PCR| PBIPCR| PBOPCR
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

In modes 4 to 6, if apinisinthe input state in accordance with the settings in PFCR, inthe TPU’s
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

In mode 7, if apinisinthe input state in accordance with the settingsin the TPU’s TIOR and in
DDR, setting the corresponding PBPCR hit to 1 turns on the MOS input pull-up for that pin.

PBPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

Port B Open Drain Control Register (PBODR)

Bit L7 6 5 4 3 2 1 0
|PB7ODR| PB6ODR| PBSODR | PB4ODR| PB3ODR | PB20DR| PBLODR | PBOODR

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PBODR is an 8-hit readabl e/writable register that controls the PMOS on/off state for each port B
pin (PB7 to PBO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEQ in PFCR,
setting a PBODR bit makes the corresponding port B pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PBODR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.
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10A.8.3 Pin Functions

Moaodes 4 to 6: In modes 4 to 6, the corresponding port B pins become address outputsin
accordance with the setting of bits AE3 to AEQ in PFCR. When pins are not used as address

outputs, they function as TPU /O pins and I/O ports.

Port B pin functionsin modes 4 to 6 are shown in figure 10A-10.

Port B

PB7 (1/0) / A15 (output) / TIOCBS (I/O)
PB6 (I/0) / A14 (output) / TIOCAS (1/O)
PB5 (1/0) / A13 (output) / TIOCBA4 (1/O)
PB4 (1/0) / A12 (output) / TIOCA4 (I/O)
PB3 (I/0) / A1 (output) / TIOCD3 (I/O)
PB2 (I/0) / A10 (output) / TIOCC3 (1/O)
PB1 (1/O) / A9 (output) / TIOCBS3 (I/0)
PBO (I/0) / A8 (output) / TIOCA3 (1/O)

Figure 10A-10 Port B Pin Functions (Modes 4 to 6)

Moaode 7: In mode 7, port B pins function as 1/0O ports and TPU 1/O pins (TIOCA3, TIOCB3,

TIOCCS, TIOCD3, TIOCA4, TIOCB4, TIOCAS, and TIOCBS). Input or output can be specified
for each pin on an individual bit basis. Setting a PBDDR hit to 1 makes the corresponding port B
pin an output port, while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin mode 7 are shown in figure 10A-11.

Port B

~—» PB7 (I/O) / TIOCBS (I/O)
~—» PB6 (I/O) / TIOCAS (I/O)
~—» PB5 (I/O) / TIOCB4 (I/O)
~—» PB4 (I/O) / TIOCAA4 (1/O)
== PB3 (I/O) / TIOCD3 (I/O)
«—= PB2 (I/O) / TIOCC3 (I/O)
=—= PB1 (I/O) / TIOCBS3 (I/O)
~— PBO (I/O) / TIOCA3 (I/O)

Figure 10A-11 Port B Pin Functions (Mode 7)
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10A.8.4 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if apinisin the input state in accordance with the settingsin PFCR, in the TPU’ s
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

Inmode 7, if apinisin the input state in accordance with the settingsin the TPU’s TIOR and in
DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10A-13 summarizes the MOS input pull-up states.

Table 10A-13 MOS Input Pull-Up States (Port B)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output or OFF OFF OFF OFF OFF
TPU output
Other than above ON/OFF  ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PBDDR = 0 and PBPCR = 1; otherwise off.
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10A.9 PortC

10A.9.1 Overview

Port C isan 8-bit I/O port. Port C has a 14-bit PWM output (PWMO and PWM 1) and an address
bus output function. The pin functions change according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 10A-12 shows the port C pin configuration.

Port C

Port C pins

PC7/A7/PWM1
PC6/A6/PWMO
PC5/A5
PC4/A4
PC3/A3
PC2/A2
PC1/A1
PCO/AQ

Pin functions in modes 4to 6

A7 (output)
A6 (output)
A5 (output)
A4 (output)
A3 (output)
A2 (output)
Al (output)
AO (output)

Pin functions in mode 7

PC7 (I/0) / PWM1 (output)
PC6 (I/0O) / PWMO (output)
PC5 (I/0)
PC4 (I/0)
PC3 (I/0)
PC2 (I/0)
PC1 (I/O)
PCO (I/O)

Figure 10A-12 Port C Pin Functions
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10A.9.2 Register Configuration
Table 10A-14 shows the port C register configuration.

Table 10A-14 Port C Registers

Name Abbreviation R/W Initial Value Address*
Port C data direction register PCDDR W H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42
Port C open-drain control register PCODR R/W H'00 H'FE49

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit L7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PCSDDR | PCADDR PC3DDR | PC2DDR| PC1DDR| PCODDR

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE bit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when the
mode is changed to software standby mode.

* Modes4 and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

* Mode6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port C Data Register (PCDR)

Bit L7 6 5 4 3 2 1 0

| PCTDR | PC6DR | PCSDR | PCADR | PC3DR | PC2DR| PCIDR | PCODR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PCDR is an 8-hit readable/writable register that stores output data for the port C pins (PC7 to
PCO0).

PCDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by amanual reset or in software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0

‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ] PC3 ] PC2 ] PC1 ] PCO \
Initial value : —* —* _* _* _ _x _x %
RIW : R R R R R R R R

Note: * Determined by state of pins PC7 to PCO.

PORTC is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If aport C read is performed while PCDDR bits are set to 1, the PCDR values are read. If aport C
read is performed while PCDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTC contents are determined by the pin
states, as PCDDR and PCDR are initialized. PORTC retains its prior state by amanual reset or in
software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit L7 6 5 4 3 2 1 0
|PCTPCR | PC6PCR| PCSPCR | PC4PCR| PC3PCR | PC2PCR| PCIPCR | PCOPCR

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

In modes 6 and 7, if PCPCR is set to 1 when the port isin the input state in accordance with the
settings of DACR and PCDDR in PWM, the MOS input pull-up is set to ON.

PCPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

Port C Open Drain Control Register (PCODR)

Bit L7 6 5 4 3 2 1 0
|PC7ODR| PC60ODR|PC50DR | PC40ODR |PC30DR | PC20DR| PC10DR| PCOODR]|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW  RW  RW

PCDDR is an 8-hit read/write register and controls PMOS on/off of each pin (PC7 to PCO) of
port C.

If PCODR isset to 1 by setting AE3 to AEO in PFCR in mode other than address output mode,
port C pins function as NMOS open drain outputs and when the setting is cleared to 0, the pins
function as CMOS outputs.

PCODR isinitialized to H'00 in power-on reset mode or hardware standby mode. PCODR retains
the last state in manual reset mode or software standby mode.
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10A.9.3 Pin Functionsfor Each Mode

(1)) Modes4and 5

In modes 4 and 5, port C pins function as address outputs automatically.

Figure 10A-13 shows the port C pin functions.

Port C

A7 (output)
A6 (output)
A5 (output)
A4 (output)
A3 (output)
A2 (output)
Al (output)
AO (output)

Figure 10A-13 Port C Pin Functions (M odes 4 and 5)

(2) Mode6

In mode 6, port C pints function as address outputs or input ports and 1/0 can be specified in bit
units. When each bitin PCDDR is set to 1, the corresponding pin functions as an address output

and when the bit cleared to 0, the pin functions as a PWM output and an input port.

Figure 10A-14 shows the port C pin functions.

PCDDR=1

Port C

~—— A7 (output)
~—— A6 (output)
~+—— A5 (output)
~—— A4 (output)
~-—— A3 (output)
~—— A2 (output)

~—— Al (output)

~—— A0 (output)

PCDDR=0

PC7 (input) / PWM1 (output)
PC6 (input) / PWMO (output)
PC5 (input)
PC4 (input)
PC3 (input)
PC2 (input)
PC1 (input)
PCO (input)

Figure 10A-14 Port C Pin Functions (M ode 6)
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(3) Mode7

In mode 7, port C pins function as PWM outputs and 1/0 ports and 1/O can be specified for each
pinin bit units. When each bit in PCDDR is set to 1, the corresponding pin functions as an output
port and when the bit is cleared to 0, the pin functions as an input port.

Figure 10A-15 shows the port C pin functions.

-«—— PC7 (1/0) / PWM1 (output)
~—— PC6 (I/0) / PWMO (output)
~—— PC5 (I/O)
Port C ~—— PC4 (1/0)
«—— PC3 (1/0)
~—— PC2 (I/O)

l«—— PC1 (1/O)

~—— PCO (I/0)

Figure 10A-15 Port C Pin Functions (Mode 7)
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10A.9.4 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

In modes 6 and 7, when PCPCR is set to 1 in the input state by setting of DACR and PCDDR, the
MOS input pull-up is set to ON.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10A-15 summarizes the MOS input pull-up states.

Table 10A-15 MOS Input Pull-Up States (Port C)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output or OFF OFF OFF OFF OFF
PWM output
Other than above ON/OFF ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PCDDR = 0 and PCPCR = 1; otherwise off.
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10A.10 Port D

10A.10.1 Overview

Port D isan 8-bit I/O port. Port D has a data bus I/O function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 10A-16 shows the port D pin configuration.

Port D pins Pin functions in modes 4 to 6
~+— PD7/D15 D15 (I/O)
~+— PD6/D14 D14 (I/0)
~— PD5/D13 D13 (I/0)
Port D ~— PD4/D12 D12 (I/0)
~— PD3/D11 D11 (I/O)
—— PD2/D10 D10 (I/0)
~— PD1/D9 D9 (I/O)
~+— PD0/D8 D8 (I/0)

Pin functions in mode 7

PD7 (I/O)
PD6 (I/O)
PD5 (I/O)
PD4 (I/O)
PD3 (I/O)
PD2 (I/O)
PD1 (I/O)
PDO (I/O)

Figure 10A-16 Port D Pin Functions
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10A.10.2 Register Configuration
Table 10A-16 shows the port D register configuration.

Table 10A-16 Port D Registers

Name Abbreviation R/W Initial Value Address*
Port D data direction register PDDDR w H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DDR| PD6DDR PDSDDR PD4DDR PD3DDR | PD2DDR| PDIDDR| PDODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w W W W W

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

e Modes4to6

The input/output direction specification by PDDDR isignored, and port D is automatically
designated for data l/O.

e Mode7

Setting a PDDDR hit to 1 makes the corresponding port D pin an output port, while clearing
the hit to 0 makes the pin an input port.
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Port D Data Register (PDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DR | PD6DR | PDSDR | PD4DR | PD3DR | PD2DR| PDIDR | PDODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PDDR is an 8-hit readable/writable register that stores output data for the port D pins (PD7 to
PDO).

PDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state by amanual reset or in software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

\ PD7 \ PD6 ‘ PD5 ‘ PD4 ‘ PD3 ‘ PD2 ] PD1 ] PDO \
Initial value : —* —* _* _* _* _ _ %
RIW : R R R R R R R R

Note: * Determined by state of pins PD7 to PDO.

PORTD is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PD0) must always be performed on PDDR.

If aport D read is performed while PDDDR bits are set to 1, the PDDR vaues are read. If aport D
read is performed while PDDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR are initialized. PORTD retainsits prior state by a manual reset or in
software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit L7 6 5 4 3 2 1 0
'PD7PCR | PD6PCR| PDSPCR | PD4PCR| PD3PCR | PD2PCR| PD1PCR | PDOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PDPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to O (input port setting) in mode 7, setting the corresponding
PDPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

10A.10.3 Pin Functions
Modes 4 to 6: In modes 4 to 6, port D pins are automatically designated as data 1/O pins.

Port D pin functions in modes 4 to 6 are shown in figure 10A-17.

~— D15 (1/O)
- D14 (1/O)
~— D13 (1/O)
bortp [+ D12 (V0)
e—» D11 (1/O)
~— D10 (I/O)
-— D9 (I/O)
— D8 (I/O)

Figure 10A-17 Port D Pin Functions (M odes 4 to 6)

Moaode 7: In mode 7, port D pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PDDDR hit to 1 makes the corresponding port D pin an output
port, while clearing the bit to 0 makes the pin an input port.
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Port D pin functions in mode 7 are shown in figure 10A-18.

~— PD7 (I/O)
~—> PD6 (I/O)
-— PD5 (I/O)
Port D ~— PD4 (I/0)
e PD3 (I/O)
= PD2 (I/O)

= PD1 (1/0)

«—= PDO (I/O)

Figure 10A-18 Port D Pin Functions (Mode 7)

10A.10.4 MOS Input Pull-Up Function

Port D has abuilt-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

When a PDDDR hit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turnson
the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10A-17 summarizes the MOS input pull-up states.

Table 10A-17 MOS Input Pull-Up States (Port D)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
4106 OFF OFF OFF OFF OFF
7 ON/OFF ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PDDDR = 0 and PDPCR = 1; otherwise off.

420
RENESAS




10A.11 Port E

10A.11.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus I/O function, and the pin functions change

according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 10A-19 shows the port E pin configuration.

Port E

Port E pins

PE7/D7
PE6/D6
PES5/D5
PE4/D4
PE3/D3
PE2/D2
PE1/D1
PEO/DO

Pin functions in modes 4to 6

PE7 (1/0) / D7 (//O)
PEG6 (1/0) / D6 (1/O)
PES5 (1/0) / D5 (1/O)
PE4 (1/0) / D4 (1/0)
PE3 (1/0) / D3 (I/O)
PE2 (1/0) / D2 (1/O)
PE1 (1/0) /D1 (//O)
PEO (1/0) / DO (1/O)

Pin functions in mode 7

PE7 (1/O)
PES6 (1/O)
PE5 (1/O)
PE4 (1/O)
PE3 (1/O)
PE2 (1/O)
PE1 (1/O)
PEO (1/O)

Figure 10A-19 Port E Pin Functions
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10A.11.2 Register Configuration
Table 10A-18 shows the port E register configuration.

Table 10A-18 Port E Registers

Name Abbreviation R/W Initial Value Address*
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit L7 6 5 4 3 2 1 0

| PE7DDR| PE6DDR| PESDDR | PE4DDR PE3DDR | PE2DDR| PE1DDR | PEODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

PEDDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

e Modes4to6

When 8-bit bus mode has been selected, port E pins function as I/O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data |/O.

For details of 8-bit and 16-bit bus modes, see section 7, Bus Controller.

e Mode7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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Port E Data Register (PEDR)

Bit L7 6 5 4 3 2 1 0

| PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR| PEIDR | PEODR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-hit readable/writable register that stores output data for the port E pins (PE7 to PEQ).

PEDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state by amanual reset or in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0
‘ PE7 ‘ PE6 ‘ PE5 ‘ PE4 ] PE3 ] PE2 \ PE1 \ PEO \

Initial value : —* —* _* _* _x _* % _

RIW : R R R R R R R R

Note: * Determined by state of pins PE7 to PEO.

PORTE is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEQ) must always be performed on PEDR.

If aport E read is performed while PEDDR bits are set to 1, the PEDR values are read. If aport E
read is performed while PEDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR are initialized. PORTE retains its prior state by a manual reset or in
software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit L7 6 5 4 3 2 1 0

| PE7PCR| PE6PCR| PESPCR| PE4PCR| PE3PCR| PE2PCR| PEIPCR| PEOPCR
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to O (input port setting) with 8-bit bus mode selected in modes 4, 5,
or 6, or in mode 7, setting the corresponding PEPCR hit to 1 turns on the MOS input pull-up for
the corresponding pin.

PEPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by amanual reset or in software standby mode.

10A.11.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, when 8-hit access is designated and 8-bit bus mode is selected,
port E pins are automatically designated as 1/O ports. Setting a PEDDR bit to 1 makes the
corresponding port E pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR isignored,
and port E is designated for data /0.

Port E pin functions in modes 4 to 6 are shown in figure 10A-20.

8-bit bus mode 16-bit bus mode
~—m PE7 (I/O) D7 (1/O)
— PEG6 (I/O) D6 (I/0)
~— PE5 (I/O) D5 (I/0)
Port E ~—m PE4 (1/O) D4 (1/0)
~—>» PE3 (1/O) D3 (I/0)
~—m PE2 (I/O) D2 (1/0)
~—> PE1 (I/O) D1 (1/O)
~—> PEQ (I/O) DO (I/0)

Figure 10A-20 Port E Pin Functions (Modes 4 to 6)
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Maode 7: In mode 7, port E pins function as I/O ports. Input or output can be specified for each pin
on a bit-by-bit basis. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 10A-21.

- PE7 (I/O)
la—» PE6 (I/O)
~—> PE5 (I/O)
ot [+ PE4 (V0)
«—» PE3 (I/O)
e PE2 (I/O)

-~ PE1 (1/O)

<> PEO (1/O)

Figure 10A-21 Port E Pin Functions (Mode 7)

10A.11.4 MOS Input Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individua bit basis.

When a PEDDR bit is cleared to 0 in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10A-19 summarizes the MOS input pull-up states.

Table 10A-19 MOS Input Pull-Up States (Port E)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
7 OFF OFF ON/OFF ON/OFF ON/OFF
4106 8-bit bus
16-bit bus OFF OFF OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PEDDR =0 and PEPCR = 1; otherwise off.
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10A.12 Port F

10A.12.1 Overview

Port F is an 8-bit I/O port. Port F pins also function as external interrupt input pins (IRQ2 and
IRQ3), BUZZ output pin, A/D trigger input pin (ADTRG), bus control signal input/output pins
(AS, RD, HWR, LWR, LCAS, WAIT, BREQO, BREQ, and BACK) and the system clock (2)

output pin.

Figure 10A-22 shows the port F pin configuration.

Port F

Port F pins

PF7/g

PF6/AS/LCAS

PF5/RD

PF4/HWR
PF3/LWR/ADTRG/IRQ3

PF2/LCAS/WAIT/BREQO
PF1/BACK/BUZZ
PFO/BREQ/IRQ2

Pin functions in modes 4 to 6

PF7 (input) / @ (output)

AS (output) / LCAS (output)

RD (output)

HWR (output)

PF3 (1/0) / LWR (output) / ADTRG (input) / IRQ3 (input)

PF2 (1/0) / LCAS (output) /WAIT (input) / BREQO (output)
PF1 (1/0) / BACK (output) / BUZZ (output)
PFO (1//0) / BREQ (input) / IRQ2 (input)

Pin functions in mode 7

PF7 (input) / @ (output)

PF6 (1/0)

PF5 (1/0)

PF4 (1/0)

PF3 (1/0) / ADTRG (input) / IRQ3 (input)
PF2 (I/0)

PF1 (I/0O) / BUZZ (output)
PFO (1/0) / IRQ2 (input)
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10A.12.2 Register Configuration
Table 10A-20 shows the port F register configuration.

Table 10A-20 Port F Registers

Name Abbreviation R/IW Initial Value Address*?
Port F data direction register PFDDR w H'80/H'00*? H'FE3E
Port F data register PFDR R/W H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: *1 Lower 16 bits of the address.
*2 Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit .7 6 5 4 3 2 1 0
‘PF?DDR‘PFGDDR‘PFSDDR‘PF4DDR’PF3DDR’PF2DDR‘PF1DDR‘PFODDR‘

Modes 4 to 6
Initial value : 1 0 0 0 0 0 0 0
R/W : " "% % W w w w

Mode 7
Initial value : 0 0 0 0 0 0 0 0
R/W : " " W W w W w

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDRisinitialized by a power-on reset, and in hardware standby mode, to H'80 in modes 4 to
6, and to H'00 in mode 7. It retains its prior state by a manual reset or in software standby mode.
The OPE bit in SBY CR is used to select whether the bus control output pins retain their output
state or become high-impedance when a transition is made to software standby mode.

* Modes4to6
Pin PF7 functions as the g output pin when the corresponding PFDDR hit is set to 1, and asan
input port when the bit is cleared to 0.
The input/output direction specified by PFDDR isignored for pins PF6 to PF3, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR). PF6 functions as a
bus control output (LCAS) by setting of the bus controller.
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Pins PF2 to PFO are designated as bus control input/output pins (LCAS, WAIT, BREQO,
BACK, and BREQ) by means of bus controller settings. At other times, setting a PFDDR bit
to 1 makes the corresponding port F pin an output port, while clearing the bit to 0 makes the
pin an input port.

e Mode7

Setting a PFDDR hit to 1 makes the corresponding port F pin PF6 to PFO an output port, or in
the case of pin PF7, the g output pin. Clearing the bit to 0 makes the pin an input port.

Port F Data Register (PFDR)

Bit L7 6 5 4 3 2 1 0

| PF7DR | PF6DR | PFSDR | PFADR | PF3DR | PF2DR | PFIDR | PFODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PFDR is an 8-hit readabl e/writable register that stores output data for the port F pins (PF7 to PFO).

PFDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

Port F Register (PORTF)

Bit L7 6 5 4 3 2 1 0
| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PFL | PFO

Initial value : —* —* —* —* — — —* —*

RIW . R R R R R R R R

Note: * Determined by state of pins PF7 to PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PF0) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR areinitialized. PORTF retains its prior state by a manual reset or in
software standby mode.
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10A.12.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), BUZZ output pin, A/D
trigger input pin (ADTRG), bus control signal input/output pins (AS, RD, HWR, LWR, LCAS,

WAIT, BREQO, BREQ, and BACK) and the system clock (@) output pin. The pin functions differ
between modes 4 to 6, and mode 7. Port F pin functions are shown in table 10A-21.

Table 10A-21 Port F Pin Functions
Pin Selection Method and Pin Functions
PF7/a The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input pin @ output pin
PF6/AS/LCAS The pin function is switched as shown below according to the combination of
the operating mode and bits RMTS2 to RMTS0, LCASS, BREQOE, WAITE,
ABWS5 to ABW2, and PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
LCASS 0 1* —
PF6DDR — — 0 1
Pin function | AS output pin LCAS PF6 input pin |PF6 output pin
output pin
Note: * Restricted to RMTS2 to RMTS0=B'001 to B'011, DRAM space 16-bit
access in modes 4 to 6 only
PF5/RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output pin PF5 input pin PF5 output pin
PF4/HWR The pin function is switched as shown below according to the operating mode

and bit PF4DDR.

Operating

Mode Modes 4 to 6 Mode 7

PF4DDR — 0 1

Pin function HWR output pin PF4 input pin PF4 output pin

RENESAS
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Pin Selection Method and Pin Functions

PF3/LWR/ADTRG/ The pin function is switched as shown below according to the operating mode,

IRQ3 the bus mode, A/D converter bits TRGS1 and TRGSO, and bit PF3DDR.
Operating Modes 4 to 6 Mode 7
mode
Bus mode 16-bit bus 8-bit bus mode —
mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3 input | PF3 output| PF3 input | PF3 output
pin pin pin pin pin

ADTRG input pin**

IRQ3 input pin*?

Notes: *1 ADTRG input when TRGSO = TRGS1 = 1.

*2 When used as an external interrupt input pin, do not use as an /O
pin for another function.

PF2/LCAS/WAIT/ The pin function is switched as shown below according to the combination of

BREQO the operating mode and bits RMTS2 to RMTSO0, LCASS, BREQOE, WAITE,
ABWS to ABW2, and PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
LCASS 0* 1 —
BREQOE — 0 1 —
WAITE — 0 1 — —
PF2DDR — 0 1 — — 0 1
Pin function LCAS | PF2 PF2 WAIT |BREQO| PF2 PF2

output | input | output | input | output | input | output
pin pin pin pin pin pin pin

Note: * Restricted to RMTS2 to RMTS0=B'001 to B'011, DRAM space 16-bit
access in modes 4 to 6 only.

PF1/BACK/ The pin function is switched as shown below according to the combination of
BUZZ the operating mode and bits BRLE, BUZZE, and PF1DDR.
Operating Modes 4 to 6 Mode 7
Mode
BRLE 0 1 —
BUZZE 0 1 — 0 1
PF1DDR 0 1 — — 0 1 —
Pin function PF1 PF1 | BUZZ | BACK | PF1 PF1 | BUZZ
input | output | output | output | input | output | output
pin pin pin pin pin pin pin
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Pin

Selection Method and Pin Functions

PFO/BREQ/IRQ2 The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PFODDR.

Operating
Mode Modes 4 to 6 Mode 7
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PFO PFO BREQ PFO PFO
input pin | output pin | input pin input pin | output pin
IRQ2 input pin

10A.13 Port G

10A.13.1 Overview

Port G isa5-bit I/O port and also used as external interrupt input pins (IRQ6 and IRQ7) and bus
control signal output pins (CSO to CS3, CAS, and OE).

Figure 10A-23 shows the configuration of port G pins.

Port G

Port G pin

PG4 /CS0
PG3/CSs1
PG2/CS2

PG1/CS3/0E/IRQ7
PGO /CAS / IRQ6

Pin Functions in Modes 4 to 6

PG4 (input) / CS0 (output)

PG3 (input) / CST (output)

PG2 (input) / CS2 (output)

PG1 (input) / CS3 (output) / OE (output) / TRQ7 (input)
PGO (1/0) / CAS (output) / TRQ6 (input)

Pin Functions in Mode 7

PG4 (I/0)
PG3 (I/0)
PG2 (I/0)
PG1 (1/0) / TRQ7 (input)
PGO (1/0) / TRQ6 (input)

Figure 10A-23 Port G Pin Functions
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10A.13.2 Register Configuration
Table 10A-22 shows the port G register configuration.

Table 10A-22 Port G Registers

Name Abbreviation R/W Initial Value** Address**
Port G data direction register PGDDR w H'10/H'00*® H'FE3F
Port G data register PGDR R/W H'00 H'FFOF
Port G register PORTG R Undefined H'FFBF

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 4 to 0.
*3 The initial value varies according to the mode.

Port G Data Direction Register (PGDDR)

Bit L7 6 5 4 3 2 1 0

| — | — | — |pcappr|PG3DDR|PG2DDR| PG1DDR|PGODDR|
Modes 4 and 5
Initial value ~ : Undefined Undefined Undefined 1 0 0 0 0
RIW - — — w w w

Modes 6 and 7
Initial value . Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — % w W

PGDDR is an 8-bit write only register and specifies 1/O of each pin of port G in bit units. Read
processing isinvalid. Bits7to5 arereserved bits. When the contents are read, undefined values
areread.

In modes 4 and 5, the PGADDR bits are initialized to H'10 (bits 4 to 0) in power-on reset or
hardware standby mode, in modes 6 and 7, the bits are initialized to H'00 (bits 4 to 0). In manual
reset or software standby mode, PGDDR retains the last status. Use the OPE bit of SBYCR to
select whether the bus control output pin retains the output state or becomes the high-impedance
when the mode is changed to a software standby mode.

* Modes4to6
When PGDDR is set to 1, pins PG4 to PG1 function as bus control signal output pins (CSO to
CS3 and OF). When PGDDR is cleared to 0, the pins function asinput ports.
When the DRAM interface is set, pin PGO functions as the CAS output pin. When PGDDR is
set to 1, the pin functions as an output port. When PGDDR is cleared to O, the pin functions as
an input port.
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See section 7, Bus Controller, for the DRAM interface.

* Mode7
PGDDR to 1 it becomes an output port, and by clearing it to O it becomes an input port.

Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — |Pc4pr | PG3DR | PG2DR | PGIDR | PGODR |
Initial value : Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — R/W R/W R/W R/W R/W

PGDR is an 8-hit read/write register and stores output data of port G output pins (PG4 to PGO).

Bits 7 to 5 are reserved bits. When the contents are read, undefined values are read. Write
processing isinvalid.

In power-on reset or hardware standby mode, PGDR isinitialized to H'00 (bits 4 to 0). In manual
reset or software standby mode, PGDR retains the last state.

(3) Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | pea | pes | Pe2 | Pe1 | Poo |
Initial value : Undefined Undefined Undefined —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by the state of PG4 to PGO

PORTG is an 8-bit read only register and reflects the pin state. Write processing isinvalid. Write
processing of output data of port G pins (PG4 to PGO) must be performed for PGDR.

Bits 7 to 5 are reserved bits. When the contents are read, undefined values areread. Write
processing isinvalid.

If port G isread when PGDDR is set to 1, the valuein PGDR isread. If port Gisread when
PGDDR is cleared to O, the pin state is read.

In power-on reset or hardware standby mode, port G is determined by the pin state because
PGDDR and PGDR are initialized. In manual reset or software standby mode, the last stateis
retained.
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10A.13.3 Pin Functions

Port G is used also as external interrupt input pins (IRQ6 and IRQ7) and bus control signal output
pins (CSO to CS3, CAS, and OE). The pin functions are different between modes 4 and 6, and
mode 7. Table 10A-23 shows the port G pin functions.

Table10A-23 Port G Pin Functions

Pin Selection Method and Pin Functions
PG4/CS0 The pin function is switched as shown below according to the operating mode and

bit PG4DDR.

Operating Modes 4 to 6 Mode 7

Mode

PG4DDR 0 1 0 1

Pin function PG4 input pin | CSO output pin | PG4 input pin | PG4 output pin
PG3/CS1 The pin function is switched as shown below according to the operating mode and

bit PG3DDR.

Operating Modes 4 to 6 Mode 7

Mode

PG3DDR 0 1 0 1

Pin function | PG3input pin | CS1 output pin | PG3 input pin | PG3 output pin
PG2/CS2 The pin function is switched as shown below according to the operating mode and

bit PG2DDR.

Operating Modes 4 to 6 Mode 7

Mode

PG2DDR 0 1 0 1

Pin function PG2 input pin | CS2 output pin | PG2 input pin | PG2 output pin
434
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Pin

Selection Method and Pin Functions

PG1/CS3/ The pin function is switched as shown below according to the operating mode and
OE/IRQ7 bits OES and PG1DDR in BCRL.
Operating Modes 4 to 6 Mode 7
Mode
PG1DDR 0 1 0 1
OES — 0 1 — —
Pin function PG1 CS3 OE PG1 PG1
input pin output pin | output pin input pin output pin
IRQ7 input
PGO/CAS/ The pin function is switched as shown below according to the operating mode and
IRQ6 bits RMTS2 to RMTSO0 in BCRH.

Operating Modes 4 to 6 Mode 7

Mode

RMTS2 to B'000 B'001 to

RMTSO B'011

PGODDR 0 1 — 0 1

Pin function PGO PGO CAS PGO PGO
input pin output pin | output pin input pin output pin

IRQ6 input

RENESAS
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Section 10B 1/O Ports
(H85/2695)

10B.1 Overview

The H85/2633 Series has 10 1/0 ports (ports 1, 3, 7 and A to G), and two input-only port (ports 4
and 9).

Table 10B-1 summarizes the port functions. The pins of each port also have other functions.

Each 1/0 port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have a DR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have aMOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to C include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports 10 to 13, 70 to 73, and A to G are used as the output pins for expanded bus control
signals, they can drive one TTL load plus a 50pF capacitance load. Those portsin other cases, and
ports 14 to 17, 3, and 74 to 77, can drive one TTL load and a 30pF capacitance load. All 1/O ports
can drive Darlington transistors when set to output.

See Appendix C, 1/0 Port Block Diagrams, for a block diagram of each port.
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Table10B-1 Port Functions

Port | Description Pins Mode 4 ’ Mode 5 ‘ Mode 6 Mode 7
Port 1 |« 8-bit I/O P17/TIOCB2/TCLKD  |8-bit I/0O port also functioning as TPU I/O pins |8-bit I/O port
port p16/TIOCA2/IRQT | (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,  |also function-
« Schmitt- , T TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCBL, |ing as TPU I/O
triggered P15/TIOCBL/TCLKC TIOCA2, TIOCB2), interrupt input pins (IRQO0, |pins (TCLKA,
input (P16 P14/TIOCA1/IRQO IRQ1), and address outputs (A20 to A23) TCLKB,
P14) P13/TIOCDO/TCLKB/ TCLKC,
A23 TCLKD,
P12/TIOCCO/TCLKA/ TIOCAD,
A2D TIOCBO,
TIOCCO,
P11/TIOCBO/A21 TIOCDO,
P10/TIOCAO0/A20 TIOCAL,
TIOCB1,
TIOCAZ2,
TIOCB2) and
interrupt input
pins (IRQO,
IRQ1)
Port 3 |« 8-bit /O P37/TxD4 8-bit 1/0 port also functioning as SCI (channel 0, 1, and 4) I/O
port P36/RxD4 pins (TxDO, RxD0O, SCKO, TxD1, RxD1, SCK1, TxD4, RxD4,
. ; —____ |SCK4) and interrupt input pins (IRQ4, IRQ5
Open-drain | p35/sCK1/SCK4/TRQE ) ptinput pins ( )
output 34 /RxD1
capability |34 /RX
. Schmitt.  |P33/TxD1
triggered P32 /SCKO/IRQ4
input (P35, |p31 /RxDO
P32) P30 /TxDO
Port 4 | 8-bitinput |P47 /AN7 8-bit input port also functioning as A/D converter analog inputs
P45 J/ANS
P44 |AN4
P43 /AN3
P42 /AN2
P41 /AN1
P40/ANO
Port 7 |« 8-bit /1O P77/TxD3 8-bit 1/0 port also functioning as bus control 8-bit 1/0 port
port P76/RxD3 output pins (CS4 to CS7), SCI I/O pins (SCK3, |also function-
RxD3, TxD3), and the manual reset input pin  |ing as SCI /O
P75/SCK3 (MRES) pins (SCK3,
P74/MRES RxD3, TxD3)
— and the
P73/CS7 manual reset
P72/CS6 input pin
P71/CS5 (MRES)
P70/CS4
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 9 |« 8-bit input |P97/AN15 8-bit input port also functioning as A/D converter analog inputs
port P96/AN1A (AN15 to AN8)
P95/AN13
P94/AN12
P93/AN11
P92/AN10
P91/AN9
P90/AN8
Port A | 4-bit /0 PA3/A19/SCK2 4-bit 1/0O port also functioning as SCI (channel |4-bit I/O port
port PA2/A18/RXD2 2) 1/0 pins (TxD2, RxD2, SCK2) and address glso function-

« Built-in outputs (A19 to A16) ing as SCI

pull-up PAQ/A16 /0 pins (TxD2,
RxD2, SCK2)

* Open-drain
output
capability

Port B | 8-bit /O PB7/A15/TIOCB5 8-bit I/O port also functioning as TPU I/O pins | 8-bit I/O port
port PB6/A14/TIOCAS (TIOCBS5, TIOCAS, TIOCB4, TIOCA4, TIOCD3,|also o

« Built-in TIOCC3, TIOCB3, TIIOCA3) and address functioning as
MOS input PB5/A13/TIOCB4 outputs (A15 to A8) TPU 110 pins
pull-up PB4/A12/TIOCA4 (TIOCBS,

TIOCAS,

« Open-drain PB3/A11/TIOCD3 TIOCB4,
output PB2/A10/TIOCC3 TIOCA4,
capabilit

PEOIY | pe1/A9ITIOCES T10CDs,

TIOCCS3,

PBO/AS/TIOCA3 TIOCB3,

TIOCA3)
Port C |« 8-bit /O PC7/A7 8-bit I/O port also functioning as address 8-bit I/O port
port PC6/AG outputs (A7 to AO) also function-

s Rl ing
Built-in PC5/A5
MOS input
pull-up PC4/A4

- Open-drain |PC3/A3
output PC2/A2
capabilit

P y PC1/A1
PCO /A0
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port D | 8-bit /O PD7 /D15 Data bus input/output 1/O port
port PD6/D14
*Buitin - pp5ipy3
MOS input
pull-up PD4/D12
PD3/D11
PD2/D10
PD1/D9
PDO /D8
Port E | 8-bit /O PE7/D7 In 8-bit-bus mode: /O port 1/O port
port PE6/D6 In 16-bit-bus mode: data bus input/output
. Buﬂt—lp PE5/D5
MOS input
pu”_up PE4/D4
PE3/D3
PE2/D2
PE1/D1
PEO /DO
Port F | 8-bit I/O PF7 /o When DDR = 0: input port When
port When DDR = 1 (after reset): g output DDR =,O (after
reset): input
port
When
DDR=1: 9
output
PF6/AS RD, HWR, LWR outputs I/0 port
PF5/RD ADTRG, IRQ3 input ADTRG, IRQ3
PF4/HWR nput
PF3/LWR/ADTRG/
IRQ3
PF2/WAIT/BREQO When WAITE = 0 and BREQOE = 0 (after I/O port
reset): /0 port
When WAITE = 1 and BREQOE = 0: WAIT
input
When WAITE = 0 and BREQOE = 1: BREQO
input
PF1/BACK When BRLE = 0 (after reset): /O port IRQ2 input
PFO/BREQ/IRQ2 When BRLE = 1: BREQ input, BACK output 1/0 port
IRQ2 input
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port G|« 5-bit I/0 PG4/CSO When DDR = 0*: input port I/0 port
port When DDR = 1*2: CS0 output

PG3/CST When DDR = 0 (after reset): input port I/0 port, IRQ7

PG2/CS2 When DDR = 1: CST, CS2, CS3 outputs input

PG1/CS31RQ7 TRQ7 input

PGO/IRQ6 After reset: 1/0 port I/0 port, IRQ6
TRQ6 input input

Notes: *1 After a reset in mode 6
*2 After a resetin modes 4 or 5
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10B.2 Port 1

10B.2.1 Overview

Port 1 isan 8-hit I/O port. Port 1 pins also function as TPU 1/0O pins (TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAOQ, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2),
external interrupt pins (IRQO and IRQ1), and address bus output pins (A23 to A20). Port 1 pin
functions change according to the operating mode.

Figure 10B-1 shows the port 1 pin configuration.

Port 1 pins
Pin functions in modes 4to0 6

— P17 (1/0) / TIOCB2 (I/O) / TCLKD (input)
-+—= P16 (1/0) / TIOCA2 (I/0) / TRQT (input)
= P15 (1/0) / TIOCB1 (I/O) / TCLKC (input)
~— P14 (1/0) / TIOCAL1 (1/0) / IRQO (input)
Portt —= P13 (1/0) / TIOCDO (1/0) / TCLKB (input) / A23 (output)
~— P12 (I/0) / TIOCCO (I/O) / TCLKA (input) / A22 (output)

la—= P11 (I/O) / TIOCBO (I/O) / A21 (output)

- P10 (I/O) / TIOCAO (I/O) / A20 (output)

Pin functions in mode 7

P17 (1/0) / TIOCB2 (1/0) / TCLKD (input)
P16 (1/0) / TIOCA2 (1/0) / TRQT (input)
P15 (1/0) / TIOCBL (I/0) / TCLKC (input)
P14 (1/0) / TIOCAL (1/0) / TRQO (input)
P13 (1/0) / TIOCDO (1/O) / TCLKB (input)
P12 (1/0) / TIOCCO (1/O) / TCLKA (input)
P11 (/O) / TIOCBO (1/0)

P10 (1/0) / TIOCAO (I/0)

Figure10B-1 Port 1 Pin Functions
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10B.2.2 Register Configuration

Table 10B-2 shows the port 1 register configuration.

Table 10B-2 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR w H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR| P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | PLODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PADDR cannot be read; if it is, an undefined value will be read.

Setting a PIDDR hit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode. Because TPU isinitialized at a manual
reset, pin states are determined by PIDDR and P1DR.

Port 1 Data Register (P1DR)

Bit L7 6 5 4 3 2 1 0

| P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P1ODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR isan 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by amanual reset or in software standby mode.

443
RENESAS



Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
\ P17 \ P16 \ P15 \ P14 ‘ P13 ‘ P12 ] P11 ] P10 \

Initial value : —* —* —* —* = _* _ o

RIW : R R R R R R R R

Note: * Determined by state of pins P17 to P10.

PORT1 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PLDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT1 contents are determined by the pin
states, as PIDDR and P1DR areinitialized. PORT1 retainsiits prior state by a manual reset or in
software standby mode.
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10B.2.3 Pin Functions

Port 1 pins also function as TPU 1/0 pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2), external interrupt input
pins (IRQO and IRQ1), and address bus output pins (A23 to A20). Port 1 pin functions are shown
in table 10B-3.

Table10B-3 Port 1 Pin Functions

Pin Selection Method and Pin Functions
P17/TIOCB2/ The pin function is switched as shown below according to the combination of
TCLKD the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0O

in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO in
TCRO and TCR5, and bit P17DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P17DDR — 0 1

Pin function TIOCB2 output P17 input P17 output
TIOCB2 input**

TCLKD input*?
Notes: *1 TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1.
*2 TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO =B'111.
TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting 2 Q) 2 2 1) @)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001to] — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin Selection Method and Pin Functions
P16/TIOCA2/ The pin function is switched as shown below according to the combination of
IRQ1 the TPU channel 2 setting (by bits MD3 to MDO in TMDR?2, bits IOA3 to IOAQ
in TIOR2, and bits CCLR1 and CCLRO in TCR2), and bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1
Pin function TIOCAZ2 output P16 input P16 output
TIOCA2 input**
IRQ1 input
TPU Channel
2 Setting 2 1) 2 Q) Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: *1 TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 =
1.
*2 TIOCB2 output is disabled.
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Pin

Selection Method and Pin Functions

P15/TIOCB1/
TCLKC

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOBO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in

TCRO, TCR2, TCR4, and TCRS5, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1

Pin function TIOCBL1 output P15 input P15 output

TIOCBL input**

TCLKC input*?

Notes: *1 TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to IOBO = B'10xx.

*2 TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting @) Q) 2 2 1) @)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001to] — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xXxX B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin Selection Method and Pin Functions
P14/TIOCA1/ The pin function is switched as shown below according to the combination of
IRQO the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), and bit P14DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1
Pin function TIOCAL1 output P14 input P14 output
TIOCA1 input**
IRQO input
TPU Channel
1 Setting 2 1) 2 Q) Q) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOAO0 | B'0000 |B'0001to, B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx | B'0101 to B'xx00
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: *1 TIOCA1 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
IOAQ = B'10xx.
*2 TIOCBL1 output is disabled.
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Pin

Selection Method and Pin Functions

P13/TIOCDO/
TCLKB/A23

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, bits IOD3 to IODO in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO0 in TCRO to TCR2, bits AE3 to AEO in PFCR, and bit

P13DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P13DDR — 0 1 —
Pin function TIOCDO P13 P13 A23
output input output output
TIOCDO input**
TCLKB input*?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Below (1) Table Below (2)
0 Setting
P13DDR — 0 1
Pin function TIOCDO output P13 input P13 output

TIOCDO input**

TCLKB input*?

Notes: *1 TIOCDO input when MD3 to MDO = B'0000, and 10D3 to I0DO0 =

B'10xX.

*2 TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.
TCLKB input when channels 1 and 5 are set to phase counting

mode.
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Pin Selection Method and Pin Functions

P13/TIOCDO/ TPU Channel
TCLKB/A23 (cont) | O Setting 2 (D) 2 2 @) 2
MD3 to MDO B'0000 B'0010 B'0011
I0D3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin

Selection Method and Pin Functions

P12/TIOCCO/
TCLKA/A22

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, bits IOC3 to IOCO in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO in TCRO to TCR5, bits AE3 to AEO in PFCR, and bit

P12DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P12DDR — 0 1 —
Pin function TIOCCO P12 P12 A22

output input output output

TIOCCO input**
TCLKA input*?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Below (1) Table Below (2)
0 Setting
P12DDR — 0 1
Pin function TIOCCO output P12 input P12 output
TIOCCO input**
TCLKA input*?
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Pin Selection Method and Pin Functions
P12/TIOCCO/ TPU Channel
TCLKA/A22 (cont) | O Setting 2 (D) 2 @) @) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0OC3 to IOCO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don't care
Notes: *1 TIOCCO input when MD3 to MDO = B'0000, and IOC3 to IOCO =
B'10xx.
*2 TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

*3 TIOCDO output is disabled.

When BFA = 1 or BFB = 1 in TMDRO, output is disabled and
setting (2) applies.
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Pin

Selection Method and Pin Functions

P11/TIOCBO/A21

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, and bits I0B3 to IOBO in TIOROH), bits AE3 to AEO in PFCR, and bit

P11DDR.

Operating
mode

Modes 4 to 6

AE3 to AEO

B'0000 to B'1101

B'1110to
B'1111

TPU Channel
0 Setting

Table
Below (1)

Table Below (2)

P11DDR

0 1

Pin function

TIOCBO
output

P11 P11
input output

A21
output

TIOCBO input*

Operating
mode

Mode 7

AE3 to AEO

TPU Channel
0 Setting

Table Below (1)

Table Below (2)

P11DDR

0

1

Pin function

TIOCBO output

P11 input

P11 output

TIOCBO input*

Note: *

TIOCBO input when MD3 to MDO = B'0000, and IOB3 to IOBO =
B'10xx.
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Pin Selection Method and Pin Functions

P11/TIOCB0O/A21 | TPU Channel

(cont) 0 Setting 2) (1) (2) (2) (2) (2)
MD3 to MDO B'0000 B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxX B'0101 to

B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010

Output — Output — — PWM —
function compare mode 2

output output

x: Don't care
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Pin

Selection Method and Pin Functions

P10/TIOCAO/A20

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in

TMDRO, bits IOA3 to IOAQ in TIOROH, and bits CCLR2 to CCLRO in TCRO),
bits AE3 to AEO in PFCR, and bit P10DDR.

Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1101 to
B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P10DDR — 0 1 —
Pin function TIOCAO P10 P10 A20 output
output input output
TIOCAO input**
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Below (1) Table Below (2)
0 Setting
P10DDR — 0 1
Pin function TIOCAO P10 P10
output input output

TIOCAO input**
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Pin Selection Method and Pin Functions

P10/TIOCA0/A20 | TPU Channel

(cont) 0 Setting 2) (1) (2) (2) (2) (2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00

B'0100 |B'0011
B'1xxX B'0101 to

B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output*® | output

x: Don't care

Notes: *1 TIOCAO input when MD3 to MDO = B'0000, and I0A3 to IOAQ =

B'10xx.
*2 TIOCBO output is disabled.
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10B.3 Port 3

10B.3.1 Overview

Port 3 isan 8-hit I/O port. Port 3 is a multi-purpose port for SCI 1/O pins (TxDO0, RxDO, SCKO,

TxD1, RxD1, SCK1, TxD4, RxD4, and SCK4) and external interrupt input pins (IRQ4 and IRQ5).
All of the port 3 pin functions have the same operating mode. The configuration for each of the

port 3 pinsisshown in figure 10B-2.

Port 3 pins

Port 3

~—— P37 (1/0) / TxD4 (output)
~«—— P36 (I/0) / RxD4 (input)
«—— P35 (1/0) / SCK1 (I/0) /
SCK4 (1/0) / TRQ5 (input)
~—— P34 (I/0) / RxD1 (input)
e—— P33 (1/0) / TxD1 (input)

~—— P31 (I/0O) / RxDO (input)
~—— P30 (I/0) / TxDO (output)

- P32 (1/0) / SCKO (I/0) / TRQ4 (input)

Figure10B-2 Port 3 Pin Functions

10B.3.2 Register Configuration
Table 10B-4 shows the configuration of port 3 registers.

Table 10B-4 Port 3 Register Configuration

Name Abbreviation R/W Initial Value Address*
Port 3 data direction register P3DDR W H'00 H'FE32
Port 3 data register P3DR R/W  H'00 H'FF02
Port 3 register PORT3 R Undefined H'FFB2
Port 3 open drain control register P30ODR R/W  H'00 H'FE46
Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit L7 6 5 4 3 2 1 0
| P37DDR | P36DDR | P35DDR | P34DDR | P33DDR | P32DDR | P31DDR| P30DDR |

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

P3DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 3 pin by hit.
Read isdisenabled. If aread is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to 0 they
become input.

P3DDRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. SCI isinitialized, so the pin
state is determined by the specification of P3DDR and P3DR.

Port 3 Data Register (P3DR)

Bit L7 6 5 4 3 2 1 0
| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P35 to
P30).

P3DRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
is maintained by a manual reset and in software standby mode.
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Port 3 Register (PORT3)

Bit L7 6 5 4 3 2 1 0

| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |
Initial value : —* —* —* _* _* _* _ _x
RIW . R R R R R R R R

Note: * Determined by the state of pins P37 to P30.
PORT3 is an 8-bit read-dedicated register, which reflects the state of pins. Writeis disenabled.
Always carry out writing off output data of port 3 pins (P37 to P30) to P3DR without fail.

When P3DDRisset to 1, if port 3isread, the values of P3DR are read. When P3DDR is cleared to
0, if port 3isread, the states of pinsare read out.

P3DDR and P3DR areinitialized by a power-on reset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained by amanual reset and in
software standby mode.

Port 3 Open Drain Control Register (P3ODR)

Bit L7 6 5 4 3 2 1 0

| P370DR | P360DR | P350DR | P340DR | P330DR | P320DR| P310DR| P300DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW RW

P30DR is an 8-hit readable/writable register, which controls the on/off of port 3 pins (P37 to P30).

By setting P3ODR to 1, the port 3 pins become an open drain out, and when cleared to O they
become CMOS output.

P30ODR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode.
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10B.3.3 Pin Functions

The port 3 pins double as SCI 1/0 input pins (TxDO, RxDO, SCKO0, TxD1, RxD1, and SCK1). The
functions of port 3 pins are shown in table 10B-5.

Table10B-5 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P37/TxD4 Switches as follows according to combinations of SCR TE bit of SCI4 and the
P37DDR bit.
TE 0 1
P37DDR 0 1 —
Pin function P37 input pin P37 output pin* TxD4 output pin

Note: * When P370DR = 1, it becomes NMOS open drain output.
P36/RxD4 Switches as follows according to combinations of SCR RE bit of SCI4 and the

P36DDR bit.

RE 0 1
P36DDR 0 1 —

Pin function P36 input pin P36 output pin* RxD4 input pin

Note: * When P360DR = 1, it becomes NMOS open drain output.

P35/SCK1/ Switches as follows according to combinations of the SMR C/A bit of SCI1 or SCI4,
SCK4/IRQ5 the SCR CKEO and CKEL1 bits, and the P35DDR bit.

SCK1 and SCK4 should not be set to output simultaneously.

CKE1 (SCI1) 0 0t 1t 1

CKE1 (SCl4) 0 1t ot 1

C/A (sCli1) 0 1 _ _ _

C/A (SCl4) 0 1

CKED (SCI1) 0 01,13 . . . .

CKEQ (SCl4) 0 1,017

P35DDR 0 1 — — — — 0"2

Pin function | P35input| P35'® | SCK1/SCK4™3| SCK1/SCK4™ | . SCK1/SCK4
pin output pin|  output pin output pin input pin

IRQ5 input

Notes: *1 These settings are prohibited.

*2 If SCK1 and SCK4 are used as input (clock input) pins on the H8S/2695, P35DDR must be
cleared to 0.

*3 The output format is CMOS output. It becomes NMOS open drain output if P350DR is set to 1.
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Pin Selection Method and Pin Functions
P34/RxD1 Switches as follows according to combinations of ICCRO ICE bit of 1IC0, SCR RE bit
of SCI1, and the P34DDR bit.
RE 0 1
P34DDR 0 1 —
Pin function P34 input pin P34 output pin* RxD1 input pin
Note: * Output type is NMOS push-pull. When P340DR = 1, it becomes NMOS
open drain tray.
P33/TxD1 Switches as follows according to combinations of ICCR1 ICE bit of 1IC1, SCR TE bit
of SCI1 and the P33DDR bit.
TE 0 1
P33DDR 0 1 —
Pin function P33 input pin P33 output pin* TxD1 output pin*
Note: * When P330DR = 1, it becomes NMOS open drain output.
P32/SCKO/  Switches as follows according to combinations of SMR C/A bit of SCI0, SCR CKEOQ
IRQ4 and CKE1 bits, and the P32DDR bit.

If using as an SDAL input pin, always set SMR C/A bit of SCI0 and SCR CKEO and
CKEL1 bits to 0 without fail.

CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
P32DDR 0 1 — — —
Pin function P32 P32 SCKO output| SCKO output SCKO
input pin output pin pin* pin* input pin
IRQ4 input

Note: * When P320DR = 1, it becomes NMOS open drain output.
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Pin Selection Method and Pin Functions

P31/RxDO0O Switches as follows according to combinations of SCR RE bit of SCIO and the

P31DDR bit.

RE 0 1
P31DDR 0 1 —

Pin function P31 input pin | P31 output pin* RxDO input pin

Note: * When P310DR = 1, it becomes NMOS open drain output.

P30/TxD0 Switches as follows according to combinations of SCR TE bit of SCI0O and the

P30DDR hit.

TE 0 1
P30DDR 0 1 —

Pin function P30 input pin | P30 output pin* TxDO output pin*

Note: * When P300DR = 1, it becomes NMOS open drain output.
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10B.4 Port 4

10B.4.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins function as A/D converter analog input pins (ANO to
AN7). Port 4 pin functions are the same in all operating modes. Figure 10B-3 shows the port 4 pin
configuration.

Port 4 pins

~-—— P47 (input) / AN7 (input)
~-—— P46 (input) / AN6 (input)
~+—— P45 (input) / AN5 (input)
Port 4 ~——— P44 (input) / AN4 (input)
~+—— P43 (input) / AN3 (input)
~+—— P42 (input) / AN2 (input)

~—— P41 (input) / AN1 (input)

~+—— P40 (input) / ANO (input)

Figure 10B-3 Port 4 Pin Functions
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10B.4.2 Register Configuration

Table 10B-6 shows the port 4 register configuration. Port 4 is an input-only port, and does not
have a data direction register or data register.

Table 10B-6 Port 4 Registers

Name Abbreviation R/W Initial Value Address*
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit L7 6 5 4 3 2 1 0
| P47 | Pa6 | Pas | Pa4 | P43 | Pa2 | Pa1 | pPao |

Initial value : —* —* —* —* —* _* _* _

RIW . R R R R R R R R

Note: * Determined by state of pins P47 to P40.

10B.4.3 Pin Functions

Port 4 pins function as A/D converter analog input pins (ANO to AN7).
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10B.5 Port7

10B.5.1 Overview

Port 7 is an 8-bit 1/0 port. Port 7 is amultipurpose port for the bus control output pins (CS4 to
CS7), SCI 1/0 pins (SCK 3, RxD3, and TxD3), and manual reset input pin (MRES). The pin
functions for P77 to P74 are the samein all operating modes. P73 to P70 pin functions are
switched according to operating mode.

Figure 10B-4 shows the configuration for port 7 pins.

Port 7 pins Pin functions in modes 4to 6

—— P77/ TxD3 P77 (1/0) / TxD3 (output)
«—— P76/ RxD3 P76 (1/0) / RxD3 (input)
——— P75/ SCK3 P75 (1/0) / SCK3 (1/0)

Port 7 («—— P74/ MRES P74 (1/0) / MRES (input)
«—— P73/ CS7 P73 (1/0) / CS7 (output)
-«—— P72/ CS6 P72 (1/0) / CS6 (output)
l«—— P71/ CS5 P71 (1/0) / CS5 (output)
«—— P70/ CS4 P70 (1/0) / CS4 (output)

Pin functions in mode 7

P77 (1/0) / TxD3 (output)
P76 (I/0) / RxD3 (input)
P75 (1/0) / SCK3 (1/0)
P74 (1/0) / MRES (input)
P73 (1/0)

P72 (I/0)

P71 (1/0)

P70 (1/O)

Figure 10B-4 Port 7 Pin Functions
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10B.5.2 Register Configuration

Table 10B-7 shows the port 7 register configuration.

Table 10B-7 Port 7 Register Configuration

Name Abbreviation R/W Initial Value  Address*
Port 7 data direction register P7DDR w H'00 H'FE36
Port 7 data register P7DR R/W H'00 H'FF06
Port 7 register PORT? R Undefined H'FFB6

Note: * Lower 16 bits of the address.

Port 7 Data Direction Register (P7DDR)

Bit L7 6 5 4 3 2 1 0

| P77DDR | P76DDR | P75DDR | P74DDR | P73DDR | P72DDR | P71DDR| P70DDR |
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P7DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 7 pin by bit.
Read is disenabled. If aread is carried out, undefined values are read out.

By setting P7TDDR to 1, the corresponding port 7 pins become output, and by clearing to 0 they
become input.

P7DDRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. SCI isinitialized by a manual
reset, so the pin state is determined by the specification of P7DDR and P7DR.
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Port 7 Data Register (P7DR)

Bit L7 6 5 4 3 2 1 0

| P77DR | P76DR | P75DR | P74DR | P73DR | P72DR | P71DR | P70DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW  RW  RW

P7DR is an 8-bit readable/writable register, which stores the output data of port 7 pins (P77 to
P70).

P7DR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
ismaintained by a manual reset and in software standby mode.

Port 7 Register (PORT?7)

Bit .7 6 5 4 3 2 1 0
| Pz | pr6 | Pis | P7ra | Pz | P2 | P11 | P70 |

Initial value : —* —* _x _x _x _* o %

RIW . R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

PORT?7 is an 8-bit read-dedicated register, which reflects the state of pins. Writeis disenabled.
Always carry out writing off output data of port 7 pins (P77 to P70) to P7DR without fail.

When P7DDR isset to 1, if port 7 isread, the values of P7DR are read. When P7DDR is cleared to
0, if port 7 isread, the states of pins are read out.

P7DDR and P7DR areinitialized by a power-on reset and in hardware standby mode, so PORT7 is
determined by the state of the pins. The previous state is maintained by amanual reset and in
software standby mode.
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10B.5.3 Pin Functions

The pins of port 7 are multipurpose pins which function as bus control output pins (CS4 to CS7),
SCI /O pins (SCK3, RxD3, and TxD3), and manual reset input pin (MRES). Table 10B-8 shows

the functions of port 7 pins.

Table10B-8 Port 7 Pin Functions

Pin Selection Method and Pin Functions
P77/TxD3 Switches as follows according to combinations of SCR TE bit of SCI3, and the
P77DDR bit.
TE 0 1
P77DDR 0 1 —
Pin function P77 input pin | P77 output pin TxD3 output pin
P76/RxD3 Switches as follows according to combinations of SCR RE bit of SCI3 and the
P76DDR bit.
RE 0 1
P76DDR 0 1 —
Pin function P76 input pin | P76 output pin RxD3 1/O pin
P75/SCK3 Switches as follows according to combinations of SMR C/A bit of SCI3, SCR CKEO
and CKE1 bits, and the P75DDR bit.
CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P75DDR 0 1 — — —
Pin function P75 P75 SCK3 SCK3 SCK3
input pin output pin | output pin output pin input pin
P74/MRES  Switches as follows according to combinations of SYSCR MRESE bit and the
P74DDR bit.
MRESE 0 1
P74DDR 0 1 —
Pin function P74 input pin P74 output pin MRES input pin
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Pin

Selection Method and Pin Functions

P73/CS7 Switches as follows according to combinations of operating mode and the P73DDR
bit.
Operating Modes 4 to 6 Mode 7
Mode
P73DDR 0 1 0 1
Pin function P73 input CS7 output P73 input P73 output
pin pin pin pin
P72/CS6 Switches as follows according to combinations of operating mode and the P72DDR
bit.
Operating Modes 4 to 6 Mode 7
Mode
P72DDR 0 1 0 1 —
Pin function P72 input | CS6 output | P72input | P72 output TMOO
pin pin pin pin output
P71/CS5 Switches as follows according to operating mode and P71DDR.
Operating Modes 4 to 6 Mode 7
Mode
P71DDR 0 1 0 1
Pin function | P71 input Pin CS5 output P71 input pin | P71 output pin
P70/CS4 Switches as follows according to operating mode and P70DDR.
Operating Modes 4 to 6 Mode 7
Mode
P70DDR 0 1 0 1
Pin function P70 input pin CS4 output P70 input pin | P70 output pin
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10B.6 Port 9

10B.6.1 Overview

Port 9 isan 8-bit input-only port. Port 9 pins also function as A/D converter analog input pins
(AN8to AN15). Port 9 pin functions are the samein al operating modes. Figure 10B-5 shows the
port 9 pin configuration.

Port 9 pins

~—— P97 (input) / AN15 (input)
~-—— P96 (input) / AN14 (input)
~—— P95 (input) / AN13 (input)
~—— P94 (input) / AN12 (input)
Port 9
~—— P93 (input) / AN11 (input)
—— P92 (input) / AN10 (input)

~—— P91 (input) /AN9 (input)

~—— P90 (input) / AN8 (input)

Figure 10B-5 Port 9 Pin Functions
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10B.6.2 Register Configuration

Table 10B-9 shows the port 9 register configuration. Port 9 is an input-only port, and does not
have a data direction register or data register.

Table 10B-9 Port 9 Registers

Name Abbreviation R/W Initial Value Address*
Port 9 register PORT9 R Undefined H'FFB8
Note: * Lower 16 bits of the address.

Port 9 Register (PORT9): The pin states are always read when a port 9 read is performed.

Bit L7 6 5 4 3 2 1 0

. P97 | P96 | Pos | P94 | Pe3 | P92 | Por | P90 |
Initial value : —* —* — —* —* _* _* _
RIW . R R R R R R R R

Note: * Determined by state of pins P97 to P90.

10B.6.3 Pin Functions

Port 9 pins function as A/D converter analog input pins (AN8 to AN15).
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10B.7 Port A

10B.7.1 Overview

Port A isa4-bit 1/0 port. Port A pins also function as address bus outputs and SCI2 |/0O pins
(SCK2, RxD2, and TxD2). The pin functions change according to the operating mode.

Port A has abuilt-in MOS input pull-up function that can be controlled by software.

Figure 10B-6 shows the port A pin configuration.

Port A pins Pin functions in modes 4to 6
e PA3/A19/SCK2 PA3 (1/0) / A19 (output) / SCK2 (1/0)
Port A ~—m PA2/A18/RxD2 PA2 (1/0) / A18 (output) / RxD2 (input)
~—wm PA1/A17/TxD2 PA1 (1/O) / A17 (output) / TxD2 (output)
- PAO/AL6E PAO (1/0) / A16 (output)

Pin functions in mode 7

PA3 (I/0) / SCK2 (output)
PA2 (1/0) / RxD2 (input)
PA1 (1/O) / TxD2 (output)
PAOQ (1/0)

Figure10B-6 Port A Pin Functions
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10B.7.2 Register Configuration
Table 10B-10 shows the port A register configuration.

Table 10B-10 Port A Registers

Name Abbreviation RIW Initial Value*?>  Address**
Port A data direction register PADDR w H'0 H'FE39
Port A data register PADR R/W H'0 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'0 H'FE40
Port A open-drain control register PAODR R/W H'0 H'FE47

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 3 to 0.

Port A Data Direction Register (PADDR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | PA3DDR|PA2DDR PAIDDR| PAODDR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — W W W W

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pinsof port A. PADDR cannot be read; if it is, an undefined value will be read.

Bits 7 and 6 are reserved; they return an undetermined value if read.

PADDR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state by a manual reset or in software standby mode. The OPE bitin SBYCR is
used to select whether the address output pins retain their output state or become high-impedance
when atransition is made to software standby mode.

e Modes4to6

The corresponding port A pins become address outputs in accordance with the setting of bits
AE3to AEQ in PFCR, irrespective of the value of bits PA4ADDR to PAODDR. When pins are
not used as address outputs, setting a PADDR bit to 1 makes the corresponding port A pin an
output port, while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PADDR hit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port A Data Register (PADR)

Bit L7 6 5 4 3 2 1 0

. — | — | = | — | Paspr| PA2DR| PAIDR | PAODR]
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW RW  RW

PADR is an 8-hit readable/writable register that stores output data for the port A pins (PA7 to
PAO).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

PADR isinitialized to H'0 (bits 3 to 0) by a powr-on reset, and in hardware standby mode. It
retainsits prior state by a manual reset or in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

— — | — | — | pa3 | Pa2z | Pa1L | PAO
Initial value : Undefined Undefined Undefined Undefined —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins PA3 to PAO.

PORTA isan 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA7 to PAO) must always be performed on PADR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If aport A read is performed while PADDR bits are set to 1, the PADR vaues are read. If aport A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR are initialized. PORTA retains its prior state by amanual reset or in
software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |Paspcr Pa2rCR| PAIPCR| PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW  RW  RW

PAPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified. In
modes 4 to 6, if apinisinthe input state in accordance with the settingsin PFCR, inthe SCI's
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

Inmode 7, if apinisin the input state in accordance with the settingsin the SCI’'s SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up
for that pin.

PAPCR isinitialized by amanual reset or to H'O (bits 3 to 0) by a power-on reset, and in hardware
standby mode. It retainsits prior state in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |PA3ODR PA20DR|PAIODR PAOODR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW L - — — — RIW RW  RW  RW

PAODR is an 8-hit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA7 to PAO).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

When pins are not address outputs in accordance with the setting of bits AE3 to AEQ in PFCR,
setting a PAODR bit makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CM OS output.

PAODR isinitialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state by a manual reset or in software standby mode.
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10B.7.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, port A pins function as address outputs according to the setting of
AE3 to AEQ in PFCR; when they do not function as address outputs, the pins function as SCI 1/0O
pinsand /O ports.

Port A pin functionsin modes 4 to 6 are shown in figure 10B-7.

~— PA3 (I/0) / A19 (output) / SCK2 (I/O)

~— PA2 (1/0) / A18 (output) / RxD2 (input)
Port A
— PA1 (I/O) / A17 (output) / TxD2 (output)

~—> PAO (I/0O) / A16 (output)

Figure 10B-7 Port A Pin Functions (Modes 4 to 6)

Mode 7: In mode 7, port A pins function as 1/O ports and SCI2 1/0 pins (SCK2, TxD2, and
RxD2). Input or output can be specified for each pin on an individual bit basis. Setting a PADDR
bit to 1 makes the corresponding port A pin an output port, while clearing the bit to 0 makes the
pin an input port.

Port A pin functions are shown in figure 10B-8.

~— PA3 (I/0) / SCK2 (l/O)
~— PA2 (I/0) / RxD2 (input
Port A (o) (inpur)
— PA1 (1/0) / TxD2 (output)

~— PAQ (I/O)

Figure 10B-8 Port A Pin Functions(Mode7)
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10B.7.4 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if apinisin the input state in accordance with the settingsin PFCR, in the SCI’s
SCMR, SMR, and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

Inmode 7, if apinisin theinput state in accordance with the settingsin the SCI's SCMR, SMR,
and SCR, and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up
for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10B-11 summarizes the MOS input pull-up states.

Table10B-11 MOS Input Pull-Up States (Port A)

Power-On  Hardware Manual Software In Other
Pin States Reset Standby Mode  Reset Standby Mode  Operations
Address output or OFF OFF OFF OFF OFF
SCI output
Other than above ON/OFF ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PADDR = 0 and PAPCR = 1; otherwise off.
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10B.8 Port B

10B.8.1 Overview

Port B is an 8-hit 1/0 port. Port B pins also function as TPU 1/0 pins (TIOCA3, TIOCBS,
TIOCC3, TIOCD3, TIOCA4, TIOCB4, TIOCAS5, and TIOCB5) and as address outputs; the pin
functions change according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 10B-9 shows the port B pin configuration.

Port B pins Pin functions in modes 4to 6
~—> PB7/A15/TIOCB5 PB7 (1/0) / A15 (output) / TIOCBS (I/O)
= PB6/A14/TIOCA5 PB6 (1/0) / Al4 (output) / TIOCAS (I/O)
= PB5/A13/TIOCB4 PB5 (1/0) / A13 (output) / TIOCB4 (1/O)
~— PB4/A12/TIOCA4 PB4 (1/0) / A12 (output) / TIOCA4 (1/O)
PortB |4 » PB3/A11/TIOCD3 PB3 (1/0) / A11 (output) / TIOCD3 (1/O)
la—» PB2/A10/TIOCC3 PB2 (1/0) / A10 (output) / TIOCC3 (I/O)
l«—» PB1/A9 /TIOCB3 PB1(I/0) / A9 (output) / TIOCB3 (I/O)
«—» PBO0/A8 /TIOCA3 PBO (1/0) / A8 (output) / TIOCA3 (I/O)

Pin functions in mode 7

PB7 (1/0) / TIOCBS5 (1/0)
PB6 (1/0) / TIOCAS5 (1/0)
PBS5 (1/0) / TIOCB4 (1/O)
PB4 (1/0) / TIOCA4 (1/O)
PB3 (1/0) / TIOCD3 (I/O)
PB2 (1/0) / TIOCC3 (I/O)
PB1 (1/0) / TIOCB3 (1/0)
PBO (1/0) / TIOCA3 (1/0)

Figure 10B-9 Port B Pin Functions
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10B.8.2 Register Configuration
Table 10B-12 shows the port B register configuration.

Table 10B-12 Port B Registers

Name Abbreviation R/W Initial Value Address*
Port B data direction register PBDDR w H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41
Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit L7 6 5 4 3 2 1 0

| PB7DDR | PB6DDR| PBSDDR | PBADDR| PB3DDR | PB2DDR| PBIDDR | PBODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w W W

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE bit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

e Modes4to6

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3to AEQ in PFCR, irrespective of the value of the PBDDR hits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PBDDR hit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port B Data Register (PBDR)

Bit L7 6 5 4 3 2 1 0

| PB7DR | PB6DR | PBSDR | PBADR | PB3DR | PB2DR | PBIDR | PBODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB7 to
PB0). PBDRisinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains
its prior state by a manual reset or in software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

\ PB7 \ PB6 ‘ PB5 ‘ PB4 ‘ PB3 ‘ PB2 ] PB1 ] PBO \
Initial value : —* —* _* _* _ _x _ % %
RIW : R R R R R R R R

Note: * Determined by state of pins PB7 to PBO.

PORTB is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PBO) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values areread. If a port B
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR areinitialized. PORTB retainsiits prior state in software standby
mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit L7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PB5PCR| PBAPCR| PB3PCR| PB2PCR| PBIPCR| PBOPCR)
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

In modes 4 to 6, if apinisinthe input state in accordance with the settingsin PFCR, inthe TPU’s
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

In mode 7, if apinisinthe input state in accordance with the settingsin the TPU's TIOR and in
DDR, setting the corresponding PBPCR hit to 1 turns on the MOS input pull-up for that pin.

PBPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

Port B Open Drain Control Register (PBODR)

Bit L7 6 5 4 3 2 1 0
|PB7ODR| PB6ODR PBSODR PB4ODR PB3ODR| PB20DR PB1ODR| PBOODR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PBODR is an 8-bit readable/writable register that controls the PMOS on/off state for each port B
pin (PB7 to PBO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEQ in PFCR,
setting a PBODR bit makes the corresponding port B pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CM OS output.

PBODR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.
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10B.8.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, the corresponding port B pins become address outputs in
accordance with the setting of bits AE3 to AEO in PFCR. When pins are not used as address
outputs, they function as TPU 1/0 pins and /O ports.

Port B pin functionsin modes 4 to 6 are shown in figure 10B-10.

= PB7 (I/0) / A15 (output) / TIOCBS5 (I/O)
~—» PB6 (I/0) / A14 (output) / TIOCA5 (1/O)
e PB5 (I/0) / A3 (output) / TIOCB4 (I/O)
Portp [+ ™ PB4 (VO)/A12 (output) / TIOCAA4 (1/0)
~—» PB3 (I/0) / A11 (output) / TIOCD3 (I/O)
= PB2 (I/0) / A10 (output) / TIOCCS3 (I/O)

~+—> PB1 (I/0)/ A9 (output)/ TIOCB3 (I/O)

e—= PBO (I/0) /A8 (output) / TIOCA3 (I/O)

Figure 10B-10 Port B Pin Functions (M odes 4 to 6)

Mode 7: In mode 7, port B pins function as I/O ports and TPU 1/O pins (TIOCAS, TIOCB3,
TIOCCS, TIOCD3, TIOCA4, TIOCB4, TIOCAS, and TIOCBS). Input or output can be specified
for each pin on an individua bit basis. Setting a PBDDR hit to 1 makes the corresponding port B
pin an output port, while clearing the bit to 0 makes the pin an input port.

Port B pin functions in mode 7 are shown in figure 10B-11.

~—» PB7 (I/O) / TIOCBS5 (I/0)
> PB6 (I/O) / TIOCAS (1/O)
~—» PB5 (I/O) / TIOCB4 (I/O)
ports [+ ™ PB4 (VO)/TIOCAA (I/0)
= PB3 (I/O) / TIOCD3 (I/O)
«—» PB2 (I/O) / TIOCC3 (I/O)

«—» PB1 (I/O) / TIOCB3 (I/O)

e PBO (I/0) / TIOCA3 (I/O)

Figure 10B-11 Port B Pin Functions (Mode 7)
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10B.8.4 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if apinisin the input state in accordance with the settingsin PFCR, inthe TPU’s
TIOR, and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

Inmode 7, if apinisin the input state in accordance with the settingsin the TPU's TIOR and in
DDR, setting the corresponding PBPCR hit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10B-13 summarizes the MOS input pull-up states.

Table 10B-13 MOS Input Pull-Up States (Port B)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output or OFF OFF OFF OFF OFF
TPU output
Other than above ON/OFF  ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PBDDR = 0 and PBPCR = 1; otherwise off.
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10B.9 Port C

10B.9.1 Overview

Port C isan 8-hit 1/0 port. Port C has an address bus output function. The pin functions change
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 10B-12 shows the port C pin configuration.

Port C pins Pin functions in modes 4 to 6
— PC7/A7 A7 (output)
—> PC6/A6 A6 (output)
~—» PC5/A5 A5 (output)
Port lt—m PC4/A4 A4 (output)
~— PC3/A3 A3 (output)
—» PC2/A2 A2 (output)
—» PCI1/Al Al (output)
— PCO/A0 AO (output)

Pin functions in mode 7

PC7 (1/0)
PC6 (1/0)
PC5 (1/0)
PC4 (1/0)
PC3 (1/0)
PC2 (1/0)
PC1 (1/0)
PCO (1/0)

Figure10B-12 Port C Pin Functions
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10B.9.2 Register Configuration
Table 10B-14 shows the port C register configuration.

Table 10B-14 Port C Registers

Name Abbreviation R/W Initial Value Address*
Port C data direction register PCDDR w H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42
Port C open-drain control register PCODR R/W H'00 H'FE49

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit L7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PCSDDR| PC4DDR| PC3DDR | PC2DDR| PC1DDR | PCODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w W W

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE bit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when the
mode is changed to software standby mode.

* Modes4 and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

* Modeb6

Setting a PCDDR hit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PCDDR hit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port C Data Register (PCDR)

Bit L7 6 5 4 3 2 1 0
| PCTDR | PC6DR | PCSDR | PCADR | PC3DR | PC2DR| PCIDR | PCODR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC7 to
PCO).

PCDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state by amanual reset or in software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0
\ PC7 \ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ] PC1 ] PCO \

Initial value : —* —* _* _* _* _ _ %

RIW : R R R R R R R R

Note: * Determined by state of pins PC7 to PCO.

PORTC is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If aport C read is performed while PCDDR bits are set to 1, the PCDR values are read. If aport C
read is performed while PCDDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTC contents are determined by the pin
states, as PCDDR and PCDR areinitialized. PORTC retainsiits prior state by a manual reset or in
software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit L7 6 5 4 3 2 1 0
[PC7PCR | PC6PCR| PCSPCR | PC4PCR| PC3PCR | PC2PCR| PC1IPCR | PCOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

In modes 6 and 7, if PCPCR is set to 1 when the port isin the input state in accordance with the
settings of PCDDR, the MOS input pull-up is set to ON.

PCPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

Port C Open Drain Control Register (PCODR)

Bit L7 6 5 4 3 2 1 0
|PC7ODR| PC6ODR|PC50DR | PC40DR |PC30DR | PC20DR| PC10DR| PCOODR]

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW  RW  RW

PCDDR is an 8-bit read/write register and controls PMOS on/off of each pin (PC7 to PCO) of port
C.

If PCODR isset to 1 by setting AE3 to AEO in PFCR in mode other than address output mode,
port C pins function as NMOS open drain outputs and when the setting is cleared to 0, the pins
function as CMOS outputs.

PCODR isinitialized to H'00 in power-on reset mode or hardware standby mode. PCODR retains
the last state in manual reset mode or software standby mode.
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10B.9.3 Pin Functionsfor Each Mode
(1) Modes4 and 5
In modes 4 and 5, port C pins function as address outputs automatically.

Figure 10B-13 shows the port C pin functions.

~—— A7 (output)
~—— A6 (output)
~—— A5 (output)
Port C —— A4 (output)
~—— A3 (output)

—— A2 (output)

~-—— Al (output)

~—— A0 (output)

Figure 10B-13 Port C Pin Functions (Modes 4 and 5)
(2) Mode6

In mode 6, port C pints function as address outputs or input ports and 1/0O can be specified in bit
units. When each bitin PCDDR is set to 1, the corresponding pin functions as an address output
and when the bit cleared to 0, the pin functions as an input port.

Figure 10B-14 shows the port C pin functions.

PCDDR=1 PCDDR=0
~—— A7 (output) PC7 (input)
~—— A6 (output) PC6 (input)
~+—— A5 (output) PC5 (input)

Port C ~—— A4 (output) PC4 (input)
~—— A3 (output) PC3 (input)
~—— A2 (output) PC2 (input)
~—— Al (output) PC1 (input)
~—— AO (output) PCO (input)

Figure 10B-14 Port C Pin Functions (M ode 6)
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(3) Mode7

In mode 7, port C pins function as I/O ports and I/O can be specified for each pin in bit units.

When each bit in PCDDR is set to 1, the corresponding pin functions as an output port and when
the bit is cleared to 0, the pin functions as an input port.

Figure 10B-15 shows the port C pin functions.

Port C

PC7 (1/0)
PC6 (1/0)
PC5 (1/0)
PC4 (1/0)
PC3 (1/0)
PC2 (1/0)
PC1 (I/0)
PCO (1/0)

Figure10B-15 Port C Pin Functions (Mode 7)
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10B.9.4 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

In modes 6 and 7, when PCPCR is set to 1 in the input state by setting of PCDDR, the MOS input
pull-up is set to ON.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10B-15 summarizes the MOS input pull-up states.

Table 10B-15 MOS Input Pull-Up States (Port C)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output OFF OFF OFF OFF OFF
Other than above ON/OFF ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PCDDR = 0 and PCPCR = 1; otherwise off.
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10B.10 Port D

10B.10.1 Overview

Port D is an 8-bit 1/0 port. Port D has adata bus 1/O function, and the pin functions change

according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 10B-16 shows the port D pin configuration.

Port D

Port D pins

PD7/D15
PD6/D14
PD5/D13
PD4/D12
PD3/D11
PD2/D10
PD1/D9

PDO/D8

Pin functions in modes 4to 6

D15 (I/O)
D14 (1/0)
D13 (1/0)
D12 (1/O)
D11 (I/O)
D10 (I/O)
D9 (I/0)
D8 (I/0)

Pin functions in mode 7

PD7 (1/O)
PD6 (1/O)
PD5 (1/O)
PD4 (1/0)
PD3 (1/0)
PD2 (1/O)
PD1 (1/O)
PDO (1/O)

Figure 10B-16 Port D Pin Functions
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10B.10.2 Register Configuration
Table 10B-16 shows the port D register configuration.

Table 10B-16 Port D Registers

Name Abbreviation R/W Initial Value Address*
Port D data direction register PDDDR W H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit L7 6 5 4 3 2 1 0
|PD7DDR | PD6DDR| PDSDDR | PDADDR| PD3DDR| PD2DDR| PD1DDR | PDODDR

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w W W

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

e Modes4to6

The input/output direction specification by PDDDR isignored, and port D is automatically
designated for data l/O.

« Mode7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the hit to 0 makes the pin an input port.
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Port D Data Register (PDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DR | PD6DR | PDSDR | PD4DR | PD3DR | PD2DR| PDIDR | PDODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PDDR is an 8-hit readabl e/writable register that stores output data for the port D pins (PD7 to
PDO).

PDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by amanual reset or in software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

‘ PD7 ‘ PD6 ‘ PD5 ‘ PD4 ] PD3 ] PD2 ] PD1 ] PDO \
Initial value : —* —* _* _* _ _x _x %
RIW : R R R R R R R R

Note: * Determined by state of pins PD7 to PDO.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PD0) must always be performed on PDDR.

If aport D read is performed while PDDDR bits are set to 1, the PDDR values are read. If aport D
read is performed while PDDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR are initialized. PORTD retainsits prior state by a manual reset or in
software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit L7 6 5 4 3 2 1 0
|PD7PCR | PDBPCR| PDSPCR | PDAPCR| PD3PCR | PD2PCR| PD1IPCR | PDOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When a PDDDR bit is cleared to O (input port setting) in mode 7, setting the corresponding
PDPCR bhit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

10B.10.3 Pin Functions
Modes 4 to 6: In modes 4 to 6, port D pins are automatically designated as data 1/0 pins.

Port D pin functions in modes 4 to 6 are shown in figure 10B-17.

~— D15 (1/O)
-—» D14 (1/O)
~— D13 (1/O)
bortp [+ D12 (V0)
e—» D11 (1/O)
~— D10 (1/O)
-— D9 (//O)
~— D8 (I/O)

Figure 10B-17 Port D Pin Functions (Modes 4 to 6)

Mode 7: In mode 7, port D pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PDDDR hit to 1 makes the corresponding port D pin an output
port, while clearing the bit to 0 makes the pin an input port.
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Port D pin functionsin mode 7 are shown in figure 10B-18.

~— PD7 (I/O)
~—> PD6 (I/O)
-— PD5 (I/O)
Port D ~— PD4 (I/0)
- PD3 (I/O)
= PD2 (I/O)

= PD1 (1/0)

«—= PDO (I/O)

Figure10B-18 Port D Pin Functions (Mode 7)

10B.10.4 MOS Input Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

When a PDDDR bit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turns on
the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10B-17 summarizes the MOS input pull-up states.

Table 10B-17 MOS Input Pull-Up States (Port D)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
4106 OFF OFF OFF OFF OFF
7 ON/OFF ON/OFF ON/OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PDDDR = 0 and PDPCR = 1; otherwise off.
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10B.11 Port E

10B.11.1 Overview

Port E isan 8-hit I/O port. Port E has a data bus I/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 10B-19 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
~—» PE7/D7 PE7 (1/O) /D7 (1/O)
~— PE6/D6 PE6 (1/O) /D6 (1/0)
~— PE5/D5 PES5 (1/O) /D5 (1/0)
Port E — PE4/D4 PE4 (1/O) / D4 (1/0)
~— PE3/D3 PE3 (1/O) / D3 (I/0)
— PE2/D2 PE2 (1/O) /D2 (1/0)
~— PE1/D1 PE1 (1/O) /D1 (1/O)
~+— PEO0/DO PEO (1/O) /DO (I/0)

Pin functions in mode 7

PE7 (I/O)
PES6 (1/O)
PE5 (1/O)
PE4 (1/O)
PE3 (1/O)
PE2 (1/O)
PE1 (1/O)
PEO (1/O)

Figure 10B-19 Port E Pin Functions
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10B.11.2 Register Configuration
Table 10B-18 shows the port E register configuration.

Table 10B-18 Port E Registers

Name Abbreviation R/W Initial Value Address*
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit L7 6 5 4 3 2 1 0

| PE7DDR| PE6DDR| PESDDR | PE4DDR| PE3DDR | PE2DDR| PE1DDR | PEODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

e Modes4tob

When 8-bit bus mode has been selected, port E pins function as I/O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data I/O.

For details of 8-bit and 16-bit bus modes, see section 7, Bus Controller.

e Mode7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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Port E Data Register (PEDR)

Bit L7 6 5 4 3 2 1 0

| PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR| PEIDR | PEODR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE7 to PEOQ).

PEDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by amanual reset or in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0
\ PE7 \ PE6 ‘ PE5 ‘ PE4 ‘ PE3 ‘ PE2 ] PE1 ] PEO \

Initial value : —* —* —* _* % _* _* _*

RIW : R R R R R R R R

Note: * Determined by state of pins PE7 to PEO.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEQ) must always be performed on PEDR.

If aport E read is performed while PEDDR hits are set to 1, the PEDR values are read. If aport E
read is performed while PEDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR areinitialized. PORTE retains its prior state by amanual reset or in
software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit L7 6 5 4 3 2 1 0

| PE7PCR| PE6PCR| PESPCR| PE4PCR| PE3PCR| PE2PCR| PEIPCR| PEOPCR]
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to O (input port setting) with 8-bit bus mode selected in modes 4, 5,
or 6, or in mode 7, setting the corresponding PEPCR bhit to 1 turns on the MOS input pull-up for
the corresponding pin.

PEPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by amanual reset or in software standby mode.

10B.11.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, when 8-bit access is designated and 8-bit bus mode is selected,
port E pins are automatically designated as 1/0O ports. Setting a PEDDR bit to 1 makes the
corresponding port E pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR isignored,
and port E is designated for data /0.

Port E pin functions in modes 4 to 6 are shown in figure 10B-20.

8-bit bus mode 16-bit bus mode
~—m PE7 (1/O) D7 (1/0)
~— PEG6 (1/O) D6 (I/0)
~— PE5 (1/O) D5 (1/0)
Port E ~—m PE4 (1/O) D4 (1/0)
~— PE3 (1/0O) D3 (I/0)
~—m PE2 (1/O) D2 (1/0)
~—> PE1 (1/O) D1 (1/O)
~— PEQO (1/O) DO (I/0)

Figure 10B-20 Port E Pin Functions (Modes 4 to 6)
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Mode 7: In mode 7, port E pins function as I/O ports. Input or output can be specified for each pin
on a bit-by-bit basis. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 10B-21.

- PE7 (I/O)
l«—» PE6 (I/O)
~—> PE5 (I/O)
ot [+ PE4 (/0)
-« PE3 (I/O)
e PE2 (I/O)

-~ PE1 (1/O)

<> PEO (1/O)

Figure 10B-21 Port E Pin Functions (Mode 7)

10B.11.4 MOS Input Pull-Up Function

Port E has abuilt-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individua bit basis.

When aPEDDR bit is cleared to 0 in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10B-19 summarizes the MOS input pull-up states.

Table10B-19 MOS Input Pull-Up States (Port E)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
7 OFF OFF ON/OFF ON/OFF ON/OFF
4106 8-bit bus
16-bit bus OFF OFF OFF
Legend:
OFF : MOS input pull-up is always off.

ON/OFF : On when PEDDR =0 and PEPCR = 1; otherwise off.
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10B.12 Port F

10B.12.1 Overview

Port F isan 8-bit I/O port. Port F pins also function as external interrupt input pins (IRQ2 and

IRQ3), A/D trigger input pin (ADTRG), bus control signal input/output pins (AS, RD, HWR,

LWR, WAIT, BREQO, BREQ, and BACK), and the system clock (@) output pin.

Figure 10B-22 shows the port F pin configuration.

Port F

Port F pins

PF7/o

PF6/AS

PF5/RD

PF4/HWR
PF3/LWR/ADTRG/IRQ3
PF2/WAIT/BREQO
PF1/BACK
PFO/BREQ/IRQ2

Pin functions in modes 4to 6

PF7 (input) / @ (output)
AS (output)

RD (output)

HWR (output)

PF3 (1/0) / TWR (output) / ADTRG (input) / TRQ3 (input)

PF2 (1/0) / WAIT (input) / BREQO (output)

PF1 (I/0) / BACK (output)

PFO (1/0) / BREQ (input) / TRQ2 (input)

Pin functions in mode 7
PF7 (input) / g (output)
PF6 (I/O)

PF5 (1/0)

PF4 (I/O)

PF3 (1/0) / ADTRG (input) / TRQ3 (input)

PF2 (1/0)
PF1 (1/0)
PFO (1/0) / TRQZ (input)

Figure 10B-22 Port F Pin Functions
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10B.12.2 Register Configuration
Table 10B-20 shows the port F register configuration.

Table10B-20 Port F Registers

Name Abbreviation R/IW Initial Value Address**
Port F data direction register PFDDR w H'80/H'00** H'FE3E
Port F data register PFDR R/W H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: *1 Lower 16 bits of the address.
*2 Initial value depends on the mode.
Port F Data Direction Register (PFDDR)

Bit -7 6 5 4 3 2 1 0
‘PF7DDR‘PFGDDR‘PFSDDR‘PF4DDR‘PF3DDR‘PF2DDR’PFlDDR’PFODDR‘

Modes 4 to 6
Initial value : 1 0 0 0 0 0 0 0
R/W : " " " " % % w

Mode 7
Initial value : 0 0 0 0 0 0 0 0
R/W : W W W " W % W W

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDRisinitialized by apower-on reset, and in hardware standby mode, to H'80 in modes 4 to
6, and to H'00 in mode 7. It retains its prior state by a manual reset or in software standby mode.
The OPE bit in SBY CR is used to select whether the bus control output pins retain their output
state or become high-impedance when atransition is made to software standby mode.

* Modes4to6
Pin PF7 functions as the g output pin when the corresponding PFDDR hit is set to 1, and as an
input port when the bit is cleared to O.
The input/output direction specified by PFDDR isignored for pins PF6 to PF3, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR).
Pins PF2 to PFO are designated as bus control input/output pins (WAIT, BREQO, BACK, and
BREQ) by means of bus controller settings. At other times, setting a PFDDR hit to 1 makes
the corresponding port F pin an output port, while clearing the bit to 0 makes the pin an input

port.
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e Mode7

Setting a PFDDR bit to 1 makes the corresponding port F pin PF6 to PFO an output port, or in
the case of pin PF7, the g output pin. Clearing the bit to 0 makes the pin an input port.

Port F Data Register (PFDR)

Bit L7 6 5 4 3 2 1 0

| PF7DR | PF6DR | PFSDR | PF4DR | PF3DR | PF2DR | PFIDR | PFODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PFDR is an 8-hit readable/writable register that stores output data for the port F pins (PF7 to PFO).

PFDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state by amanual reset or in software standby mode.

Port F Register (PORTF)

Bit L7 6 5 4 3 2 1 0
| PF7 | PF6 | PFs | PFa | PF3 | PF2 | PF1 | PFO |

Initial value : —* —* — —* —* _* _* _

RIW . R R R R R R R R

Note: * Determined by state of pins PF7 to PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PFO) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR areinitialized. PORTF retains its prior state by a manual reset or in
software standby mode.
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10B.12.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), A/D trigger input pin
(ADTRG), bus control signal input/output pins (AS, RD, HWR, LWR, WAIT, BREQO, BREQ,
and BACK), and the system clock (@) output pin. The pin functions differ between modes 4 to 6,

and mode 7. Port F pin functions are shown in table 10B-21.

Table10B-21 Port F Pin Functions

Pin Selection Method and Pin Functions
PF7/g The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input pin @ output pin
PF6/AS The pin function is switched as shown below according to the combination of
the operating mode and bits BREQOE, WAITE, ABW5 to ABW2, and
PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
PF6DDR — 0 1
Pin function AS output pin PF6 input pin PF6 output pin
PF5/RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output pin PF5 input pin PF5 output pin
PF4/HWR The pin function is switched as shown below according to the operating mode
and bit PFADDR.
Operating
Mode Modes 4 to 6 Mode 7
PF4DDR — 0 1
Pin function HWR output pin PF4 input pin PF4 output pin
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Pin Selection Method and Pin Functions

PF3/LWR/ADTRG/ The pin function is switched as shown below according to the operating mode,

IRQ3 the bus mode, A/D converter bits TRGS1 and TRGSO0, and bit PF3DDR.
Operating Modes 4 to 6 Mode 7
mode
Bus mode 16-bit bus 8-bit bus mode —
mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3 input | PF3 output| PF3 input | PF3 output
pin pin pin pin pin

ADTRG input pin**
IRQ3 input pin*?
Notes: *1 ADTRG input when TRGSO = TRGS1 = 1.

*2 When used as an external interrupt input pin, do not use as an I/O
pin for another function.

PF2/ WAIT/ The pin function is switched as shown below according to the combination of
BREQO the operating mode and bits BREQOE, WAITE, ABW5 to ABW2, and
PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
BREQOE 0 1 —
WAITE 0 1 — —
PF2DDR 0 1 — — 0 1
Pin function PF2 PF2 WAIT | BREQO PF2 PF2
input output input output input output
pin pin pin pin pin pin
PF1/BACK The pin function is switched as shown below according to the combination of
the operating mode and bits BRLE and PF1DDR.
Operating Modes 4 to 6 Mode 7
Mode
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF1input | PF1 output| BACK PF1 input | PF1 output
pin pin output pin pin pin
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Pin

Selection Method and Pin Functions

PFO/BREQ/IRQ2 The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PFODDR.

Operating
Mode Modes 4 to 6 Mode 7
BRLE 0 1
PFODDR 0 1 — 0 1
Pin function PFO PFO BREQ PFO PFO
input pin | output pin | input pin input pin | output pin
IRQ2 input pin

10B.13 Port G

10B.13.1 Overview

Port G isa5-bit I/O port and also used as external interrupt input pins (IRQ6 and IRQ7) and bus
control signal output pins (CSO to CS3).

Figure 10B-23 shows the configuration of port G pins.

Port G

Port G pin
PG4 /CS0O

PG3/CSH
PG2/CS2

PG1/CS3/I1RQ7

PGO / IRQ6

Pin Functions in Modes 4 to 6

PG4 (input) / CSO0 (output)

PG3 (input) / CS1 (output)

PG2 (input) / CS2 (output)

PG1 (input) / CS3 (output) / IRQ7 (input)
PGO (1/0) / IRQ6 (input)

Pin Functions in Mode 7

PG4 (I/O)
PG3 (I/O)
PG2 (I/O)

PG1 (1/0) / TRQ7 (input)
PGO (1/0) / TRQB (input)
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10B.13.2 Register Configuration
Table 10B-22 shows the port G register configuration.

Table 10B-22 Port G Registers

Name Abbreviation R/W Initial Value** Address**
Port G data direction register PGDDR W H'10/H'00*® H'FE3F
Port G data register PGDR R/W H'00 H'FFOF
Port G register PORTG R Undefined H'FFBF

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 4 to 0.
*3 The initial value varies according to the mode.

Port G Data Direction Register (PGDDR)

Bit 7 6 5 4 3 2 1 0
| — | — | — [pcappR|PG3DDR|PG2DDR| PG1DDR| PGODDR]

Modes 4 and 5

Initial value . Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — W W W

Modes 6 and 7

Initial value . Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — w w w

PGDDR is an 8-bit write only register and specifies |/O of each pin of port G in bit units. Read
processing isinvalid. Bits7to 5 arereserved bits. When the contents are read, undefined values
areread.

In modes 4 and 5, the PGADDR bits areinitialized to H'10 (bits 4 to 0) in power-on reset or
hardware standby mode, in modes 6 and 7, the bits are initialized to H'00 (bits 4 to 0). In manual
reset or software standby mode, PGDDR retains the last status. Use the OPE bit of SBYCR to
select whether the bus control output pin retains the output state or becomes the high-impedance
when the mode is changed to a software standby mode.

* Modes4to6
When PGDDR is set to 1, pins PG4 to PG1 function as bus control signal output pins (CSO to
CS3). When PGDDR iscleared to 0, the pins function as input ports.
When PGDDR is set to 1, the PGO pin functions as an output port, and when PGDDR is
cleared to O, it functions as an input port.
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* Mode7
PGDDRto 1 it becomes an output port, and by clearing it to O it becomes an input port.

Port G Data Register (PGDR)

Bit L7 6 5 4 3 2 1 0

| — | — | — |Pcapr|PG3DR | PG2DR | PGIDR| PGODR |
Initial value :  Undefined Undefined Undefined 0 0 0 0 0
RIW - — — RW RW  RW  RW RW

PGDR is an 8-bit read/write register and stores output data of port G output pins (PG4 to PGO).

Bits 7 to 5 are reserved bits. When the contents are read, undefined values areread. Write
processing isinvalid.

In power-on reset or hardware standby mode, PGDR isinitialized to H'00 (bits 4 to 0). In manual
reset or software standby mode, PGDR retains the last state.

(3) Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | pea | Ppes | Pe2 | Pe1 | Pco |
Initial value : Undefined Undefined Undefined —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by the state of PG4 to PGO

PORTG isan 8-hit read only register and reflects the pin state. Write processing isinvalid. Write
processing of output data of port G pins (PG4 to PGO) must be performed for PGDR.

Bits 7 to 5 are reserved bits. When the contents are read, undefined values are read. Write
processing isinvalid.

If port G isread when PGDDR is set to 1, the valuein PGDR isread. If port G isread when
PGDDR is cleared to O, the pin state is read.

In power-on reset or hardware standby mode, port G is determined by the pin state because
PGDDR and PGDR are initialized. In manual reset or software standby mode, the last stateis
retained.
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10B.13.3 Pin Functions

Port G is used also as externa interrupt input pins (IRQ6 and IRQ7) and bus control signal output
pins (CSO to CS3). The pin functions are different between modes 4 and 6, and
mode 7. Table 10B-23 shows the port G pin functions.

Table10B-23 Port G Pin Functions

Pin Selection Method and Pin Functions
PG4/CS0 The pin function is switched as shown below according to the operating mode and
bit PG4ADDR.
Operating Modes 4 to 6 Mode 7
Mode
PG4DDR 0 1 0 1
Pin function PG4 input pin | CSO output pin | PG4 input pin | PG4 output pin
PG3/CS1 The pin function is switched as shown below according to the operating mode and
bit PG3DDR.
Operating Modes 4 to 6 Mode 7
Mode
PG3DDR 0 1 0 1
Pin function PG3 input pin S1 output pin | PG3 input pin | PG3 output pin
PG2/CS2 The pin function is switched as shown below according to the operating mode and

bit PG2DDR.

Operating Modes 4 to 6 Mode 7

Mode

PG2DDR 0 1 0 1

Pin function PG2 input pin | CS2 output pin | PG2 input pin | PG2 output pin

RENESAS

509



Pin

Selection Method and Pin Functions

PG1/CS3/ The pin function is switched as shown below according to the operating mode and
IRQ7 bits OES and PG1DDR in BCRL.
Operating Modes 4 to 6 Mode 7
Mode
PG1DDR 0 1 0 1
Pin function PG1 CS3 PG1 PG1
input pin output pin input pin output pin
IRQ7 input
PGO/IRQ6 The pin function is switched as shown below according to the operating mode and
bits RMTS2 to RMTSO0 in BCRH.
Operating Modes 4 to 6 Mode 7
Mode
PGODDR 0 1 0 1
Pin function PGO PGO PGO PGO
input pin output pin input pin output pin
IRQ6 input
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Section 11 16-Bit Timer Pulse Unit (TPU)

111  Overview

The H85/2633 Series has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer
channels.

11.1.1 Features

* Maximum 16-pulse input/output

O A total of 16 timer general registers (TGRS) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register

0 TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
» Selection of 8 counter input clocks for each channel

» Thefollowing operations can be set for each channel:

Waveform output at compare match: Selection of O, 1, or toggle output

Input capture function: Selection of rising edge, falling edge, or both edge detection
Counter clear operation: Counter clearing possible by compare match or input capture
Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible

Register simultaneous input/output possible by counter synchronous operation

PWM mode: Any PWM output duty can be set

Maximum of 15-phase PWM output possible by combination with synchronous operation

Oo0Oo0ooOoogood

» Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

» Phase counting mode settable independently for each of channels 1, 2, 4, and 5
0 Two-phase encoder pulse up/down-count possible

» Cascaded operation

0 Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

» Fast accessviainterna 16-bit bus
0 Fast accessis possible viaa 16-bit businterface
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26 interrupt sources

O For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

O For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC)* or DMA controller (DMAC)*

Programmable pulse generator (PPG)* output trigger can be generated
0 Channels 0 to 3 compare match/input capture signals can be used as PPG output trigger

A/D converter conversion start trigger can be generated

O Channels0to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

Module stop mode can be set

O Astheinitia setting, TPU operation is halted. Register access is enabled by exiting module
stop mode

Table 11-1 lists the functions of the TPU.

Note: * Thisfunction is not available in the H8S/2695.
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Table11-1 TPU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Count clock o/l o/l o/l o/l o/l o/l
ol4 ol4 al4 ol4 ol4 ol4
/16 2/16 2/16 /16 2/16 /16
/64 /64 /64 /64 /64 /64
TCLKA /256 /1024 /256 2/1024 /256
TCLKB TCLKA TCLKA 211024 TCLKA TCLKA
TCLKC TCLKB TCLKB 214096 TCLKC TCLKC
TCLKD TCLKC TCLKA TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B

General registers/ TGROC — — TGR3C — —

buffer registers TGROD TGR3D

1/0O pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture

Compare Ooutput O O O O O O

match loutput O O O O O O

output

P Togge O O O O O O
output

Input capture O O O O O O

function

Synchronous O O O O O O

operation

PWM mode O O O O O O

Phase counting — O O — O O

mode

Buffer operation O — — O — —

RENESAS
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Item Channel 0 Channel1  Channel 2 Channel 3  Channel 4 Channel 5
DMAC TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
activation* compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
DTC TGR TGR TGR TGR TGR TGR
activation* compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
A/D TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
converter compare compare compare compare compare compare
trigger match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger* TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources Compare * Compare  Compare ¢ Compare ¢« Compare ¢ Compare
match or match or match or match or match or match or
input input input input input input
capture OA capture 1A capture 2A capture 3A  capture 4A capture 5A
e Compare « Compare « Compare « Compare « Compare + Compare
match or match or match or match or match or match or
input input input input input input
capture 0B capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare + Overflow e« Overflow e« Compare ¢ Overflow + Overflow
matchor « uUnderflow « Underflow  matchor « uynderflow « Underflow
input input
capture 0C capture 3C
 Compare « Compare
match or match or
input input
capture OD capture 3D
*  Overflow ¢ Overflow
Legend
O : Possible
— : Not possible

Note: * This function is not available in the H8S/2695.
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11.1.2

Block Diagram

Figure 11-1 shows a block diagram of the TPU.
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TSTR: Timer start register TIOR (H, L): Timer I/O control registers (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

Interrupt request signals
Channel 3: TGI3A
TGI3B
TGI3C
TGI3D
TCI3V

|::> Channel 4: TGI4A
TGl4B

TClav
TCl4U
Channel 5: TGI5A
TGI5B
TCI5V
TCI5U

%} Internal data bus

E——> PPG output trigger signal

Interrupt request signals
Channel 0: TGIOA
TGIOB
TGIlOC
TGIOD
TCIOV
Channel 1: TGI1A
TGI1B
TCllV
TCIlU
Channel 2: TGI2A
TGI2B
TCl2v
TCI2U

IH—= A/D converter convertion start signal

Figure11-1 Block Diagram of TPU
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11.1.3

Pin Configuration

Table 11-2 summarizes the TPU pins.

Table11-2 TPU Pins

Channel Name Symbol I/O Function
All Clock input A TCLKA Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1l 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare
compare match B2 output/PWM output pin
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compare match B5

Channel Name Symbol /O Function

3 Input capture/out TIOCA3 1/O TGR3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGR3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out  TIOCC3 1/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 1/O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out  TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out TIOCB4 1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out  TIOCA5 1/O TGR5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGR5B input capture input/output compare

output/PWM output pin
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1114 Register Configuration
Table 11-3 summarizes the TPU registers.

Table11-3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address **
0 Timer control register 0 TCRO R/W H'00 H'FF10
Timer mode register O TMDRO R/W H'CO H'FF11
Timer 1/O control register OH TIOROH R/W H'00 H'FF12
Timer 1/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 H'FF14
Timer status register 0 TSRO R/(W)*? H'CO H'FF15
Timer counter 0 TCNTO R/W H'0000 H'FF16
Timer general register OA TGROA R/W H'FFFF H'FF18
Timer general register 0B TGROB R/W H'FFFF H'FF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD R/W H'FFFF H'FF1E
1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W) ** H'CO H'FF25
Timer counter 1 TCNT1 R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A
2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer 1/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W) *? H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A R/W H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name Abbreviation R/W Initial Value Address**
3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer I/O control register 3H TIOR3H R/W H'00 H'FE82
Timer I/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/(W)*2 H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FESA
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FESE
4 Timer control register 4 TCR4 R/W H'00 H'FEQO0
Timer mode register 4 TMDR4 R/W H'CO H'FE91
Timer 1/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W) *2 H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEAl
Timer 1/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIERS5 R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W) *2 H'CO H'FEAS5
Timer counter 5 TCNT5 R/W H'0000 H'FEAG6
Timer general register 5A TGR5A R/W H'FFFF H'FEAS8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR R/W H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8
Notes: *1 Lower 16 bits of the address.

*2 Only 0 can be written, for flag clearing.
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11.2  Register Descriptions

11.21  Timer Control Register (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit L7 6 5 4 3 2 1 0

| CCLR2 | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit L7 6 5 4 3 2 1 0

| — | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
RIW S RW RW RW RW RW RW  RW

The TCR registers are 8-bit registers that control the TCNT channels. The TPU hassix TCR
registers, one for each of channels0to 5. The TCR registers areinitialized to H'00 by areset, and
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bits 7, 6, and 5—Counter Clear 2, 1, and 0 (CCLR2, CCLR1, CCLRO0): These hits select the

TCNT counter clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

1 0 0 TCNT clearing disabled

1 TCNT cleared by TGRC compare match/input
capture *?

1 0 TCNT cleared by TGRD compare match/input
capture *?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

Bit 7 Bit 6 Bit 5
Channel Reserved**CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: *1 Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

*2 When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

*3 Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be

modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): These hits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. @/4 both
edges = @/2 rising edge). If phase counting modeis used on channels 1, 2, 4, and 5, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. This setting is
ignored if the input clock is g/1, or when overflow/underflow of another channel is selected.

Bits2, 1, and 0—TimePrescaler 2, 1, and 0 (TPSC2 to TPSCO0): These bits select the TCNT
counter clock. The clock source can be selected independently for each channel. Table 11-4 shows
the clock sources that can be set for each channel.

Table11-4 TPU Clock Sources

Overflow/
Underflow
Internal Clock External Clock on Another
Channel @/1 g@/4 @/16 /64 /256 ©/1024 /4096 TCLKA TCLKB TCLKC TCLKD Channel
0 o O O O O O O O
1 o O O O O O O O
2 o O O O O O O O
3 o o o0 o O O O O
4 o O O O O O O O
5 o O O O O O O O
Legend
O : Setting

Blank : No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit O
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on 8/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on /4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on @/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description

3 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on /1024
1 0 Internal clock: counts on @/256
1 Internal clock: counts on g/4096
Bit 2 Bit 1 Bit O
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on /1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on g/256
1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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11.2.2 Timer Mode Register (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit L7 6 5 4 3 2 1 0

. — | — | BB | BFA | MD3 | MD2 | MD1L | MDO |
Initial value : 1 1 0 0 0 0 0 0
RIW S — RW RW RW RW RW  RW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | mp3s | mp2 | mMD1L | MDO |
Initial value : 1 1 0 0 0 0 0 0
RIW S — — — RW RW RW  RW

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
areinitialized to H'CO by areset, and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—Reserved: These bits are always read as 1 and cannot be modified.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5isreserved. It is alwaysread as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA isto operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit 4 isreserved. It is always read as 0 and cannot
be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits3to 0—Modes 3to 0 (MD3 to MDO0): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit O
MD3** MD2*2 MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don't care
Notes: *1 MD3 is a reserved bit. In a write, it should always be written with 0.

*2 Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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11.2.3

Timer 1/0O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit 7 6 5 4 3 2 1 0
| 10B3 | 10B2 | I0BL | 10BO | I0A3 | I10A2 | IOAL | I0AO |

Initial value : 0 0 0 0 0 0 0 0

RIW RW RW RW RW RW RW RW  RW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit 7 6 5 4 3 2 1 0
| 1oD3 | 10D2 | loD1 | 10DO | 10C3 | 10C2 | 10C1 | 10CO |

Initial value : 0 0 0 0 0 0 0 0

RIW RW RW RW RW RW RW RW  RW

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the

register operates as a buffer register.

The TIOR registers are 8-bit registersthat control the TGR registers. The TPU haseight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by areset, and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. Theinitial output specified by
TIOR isvalid when the counter is stopped (the CST bitin TSTRis cleared to 0). Note also that, in
PWM maode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits7to4—1/O Control B3to BO (I0B3to IOB0)
I/0 Control D3to DO (10D3 to 10DQ0):
Bits 10B3 to IOBO specify the function of TGRB.
Bits 10D3 to 10DO0 specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0B1 IOBO Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
———————————compare ot
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
input source1s Input capture at falling edge
. capture TIOCBO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count- up/count-down**
1/count clock
*: Don't care
Note: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
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Bit7 Bit6 Bit5 Bit4
Channel [0D3 10D2 IOD1 I0DO Description

0 0 0 0 0 TGROD is Output disabled (Initial value)
1 OUtpUt itial outputis 0 0 output at compare match
—————————comparé ot
1 0 register2 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
— capture TIOCDO pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down**
1/count clock

*: Don't care
Notes: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
*2 When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0OB1 I0OBO Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 OUtpUt  |itial outputis 0 O output at compare match
————————compare g ot
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
_ capture TIOCBL1 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROC TGROC compare match/input
compare match/ capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 I0OB1 IOBO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 OUtpUt  |itial outputis 0 0 output at compare match
——————————compare .t
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
— capture TIOCB2 pin
1 * register Input capture at both edges
*: Don't care
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Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 I0OB1 I0BO Description
3 0 0 0 0 TGR3B is Output disabled (Initial value)
1 OUtput  |nitial outputis 0 0 output at compare match
—————————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3B is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
— capture TIOCB3 pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down**
4/count clock
*: Don't care
Note: *1 When bits TPSC2 to TPSCO in TCR4 are set to B'000 and g/1 is used as the TCNT4

count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel I10D3 10D2 IOD1 I0D0O Description

3 0 0 0 0 TGR3D is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
—————————compare o ot
1 0 register2 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3D is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
_ capture TIOCD3 pin
1 * register*? Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down**
4/count clock

*: Don't care
Notes: *1 When bits TPSC2 to TPSCO in TCR4 are set to B'000 and g/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
*2 When the BFB bit in TMDR3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0OB1 I0BO Description
4 0 0 0 0 TGRA4B is Output disabled (Initial value)
1 OUtput  itial outputis 0 0 output at compare match
—————————compare g ot
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
— capture TIOCB4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 I0BO Description
5 0 0 0 0 TGR5B is Output disabled (Initial value)
1 output nitial outputis 0 O output at compare match
- ——compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
— capture TIOCBS pin
1 * register Input capture at both edges
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Bits3to 0— 1/O Control A3to A0 (I0OA3to10AQ)
I/0 Control C3to CO (I0C3to 10CO0):
IOA3 to IOAO specify the function of TGRA.
IOC3 to 10CO0 specify the function of TGRC.

Bit3 Bit2 Bitl BitO

Channel I0A3 I0A2 I0OA1l IOAQ Description
0 0 0 0 0 TGROA is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
———————————compare ot
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
input sourceis Input capture at falling edge
. capture TIOCAO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/ count clock
*: Don't care
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Bit3 Bit2 Bitl BitO

Channel [0C3 10C2 IOC1 I0OCO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
—————————compare ot
1 0 register* 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
. capture TIOCCO pin
1 register** Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/count clock
*: Don't care
Note: *1 When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl BitO
Channel IOA3 I0A2 IOA1 IOAO Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 OUtput  |nitial outputis 0 0 output at compare match
—————————compare g ot
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
— capture TIOCAL1 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROA channel 0/TGROA compare
compare match/ match/input capture
input capture
*: Don't care
Bit3 Bit2 Bitl BitO
Channel IOA3 I0A2 IOA1 IOAO Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 OUtpUt  |itial outputis 0 0 output at compare match
————————compare g ot
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
— capture TIOCAZ2 pin
1 * register Input capture at both edges
*: Don't care
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Channel

Bit3 Bit2 Bitl BitO

IOA3 IOA2 IOAl IOAO0 Description

3

0 0 0 0

TGR3A is Output disabled

(Initial value)

output

1 Initial output is 0 0 output at compare match
—————————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A is Capture input Input capture at rising edge
1 input source Is Input capture at falling edge
— capture TIOCA3 pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock
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Channel

Bit3 Bit2 Bitl Bit0

IOC3 I0C2 IOC1 I0CO Description

3

0 0 0 0

TGR3C is Output disabled

(Initial value)

output

1 Initial output is 0 0 output at compare match
—————————compare ot
1 0 register* 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3C is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
. capture TIOCCS pin
1 register** Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock

Note:
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*1 When the BFA bit in TMDR3 is set to 1 and TGR3C is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl BitO

Channel 10A3 I0A2 I0A1 IOAQO Description
4 0 0 0 0 TGRA4A is Output disabled (Initial value)
1 output pitial outputis 0 O output at compare match
—————————compare g ot
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGRA4A is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
— capture TIOCA4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of

source is TGR3A
compare match/
input capture

TGR3A compare match/input
capture

*: Don't care
Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOA1 IOAO Description
5 0 0 0 0 TGR5A is Output disabled (Initial value)
1 OUtput itial outputis 0 0 output at compare match
—————————compare g 0t
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A is Capture input Input capture at rising edge

1 input source is
~ capture TIOCADS pin
1 * register

Input capture at falling edge

Input capture at both edges
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11.24 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO
Channel 3: TIER3

Bit L7 6 5 4 3 2 1 0
| TTGE | — | — | TCEV | TGIED | TGIEC | TGIEB | TGIEA |

Initial value : 0 1 0 0 0 0 0 0

RIW . RW _ — RW RW RW RW  RW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIERS

Bit L7 6 5 4 3 2 1 0
| TTGE | — | TCIEU | TCEV | — | — | TGIEB | TGIEA |

Initial value : 0 1 0 0 0 0 0 0

RIW . RW _ RW  RW — — RW  RW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset, and in hardware standby mode.
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Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: Thisbit isalways read as 1 and cannot be modified.

Bit 5—Underflow Interrupt Enable (T CIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flagin TSR issetto 1in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5isreserved. It is always read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disablesinterrupt requests (TCIV) by
the TCFV flag when the TCFV flagin TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR isset to 1 in channels0 and 3.

Inchannels 1, 2, 4, and 5, bit 3isreserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

541
RENESAS



Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR isset to 1 in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disablesinterrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR isset to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR issetto 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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11.25 Timer Status Register (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit .7 6 5 4 3 2 1 0

‘ — ‘ — \ — \ TCFV ] TGFD ] TGFC‘ TGFB \ TGFA\
Initial value : 1 1 0 0 0 0 0 0
RIW S — —  RIW)*  RIW)* RIW)* RIW)*  RIW)*

Note: * Only O can be written, for flag clearing.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit L7 6 5 4 3 2 1 0
 TcPD | — | TCcFU | TRV | — | — | TGFB | TGFA |

Initial value : 1 1 0 0 0 0 0 0

RIW . R —  RIW)y  RAW)  — —  RIW)Y  RIW)*

Note: * Only 0 can be written, for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU hassix TSR
registers, one for each channel. The TSR registers areinitialized to H'CO by areset, and in
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 isreserved. It isawaysread as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Thishit isawaysread as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU =1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

544

RENESAS



Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 3isreserved. It is always read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
«  When DTC* is activated by TGID interrupt while DISEL bit of MRB in DTC* is 0
e When 0 is written to TGFD after reading TGFD =1

1 [Setting conditions]

*  When TCNT = TGRD while TGRD is functioning as output compare register
*  When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register
Note: * This function is not available in the H8S/2695.

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
«  When DTC* is activated by TGIC interrupt while DISEL bit of MRB in DTC* is 0
e When 0 is written to TGFC after reading TGFC =1

1 [Setting conditions]

«  When TCNT = TGRC while TGRC is functioning as output compare register
* When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
Note: * This function is not available in the H8S/2695.
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
« When DTC* is activated by TGIB interrupt while DISEL bit of MRB in DTC* is O
e When 0 is written to TGFB after reading TGFB =1

1 [Setting conditions]

«  When TCNT = TGRB while TGRB is functioning as output compare register
* When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register
Note: * This function is not available in the H8S/2695.

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
»  When DTC* is activated by TGIA interrupt while DISEL bit of MRB in DTC* is 0
* When DMAC™ is activated by TGIA interrupt while DTA bit of DMABCR in DMAC*

isl

*  When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

*  When TCNT = TGRA while TGRA is functioning as output compare register
e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
Note: * This function is not available in the H8S/2695.
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11.26  Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter*)
Channel 5: TCNT5 (up/down-counter*)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PP

Initalvalue: 0 0 0 O O O O O O O O O O0o o o0 o
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or when
counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU hassix TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by areset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-hit units; they must always be accessed as a 16-hit
unit.
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11.2.7 Timer General Register (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

NN .

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/IW RIW RIW R/IW

The TGR registers are 16-hit registers with adual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1, 2,4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers*. The TGR registers are initialized to H'FFFF by areset, and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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11.2.8 Timer Start Register (TSTR)

Bit L7 6 5 4 3 2 1 0
. — | — | cst5 | csTa | csT3 | csT2 | csTi | CsTO |

Initial value : 0 0 0 0 0 0 0 0

RIW S — RW RW RW RW RW  RW

TSTR isan 8-hit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTRisinitialized to H'00 by areset, and in hardware standby mode. When setting the operating
modein TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—Reserved: Should always be written with 0.

Bits5to 0—Counter Start 5to 0 (CST5to CST0): These bits select operation or stoppage for
TCNT.

Bitn

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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11.29 Timer Synchro Register (TSYR)

Bit L7 6 5 4 3 2 1 0
. — | — | SYNC5| SYNC4 | SYNC3 | SYNC2| SYNCL| SYNCO|

Initial value : 0 0 0 0 0 0 0 0

RIW L _ RW RW RW RW RW  RW

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channels0to 5 TCNT counters. A channel performs synchronous operation
when the corresponding bitin TSYR is set to 1.

TSYRisinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 and 6—Reserved: Should always be written with O.

Bits5to 0—Timer Synchro5to 0 (SYNC5 to SYNCO0): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels*?*, and
synchronous clearing through counter clearing on another channel* 2 are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5to0

Notes: *1 To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

*2 To set synchronous clearing, in addition to the SYNC hit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLROin TCR.
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11.2.10 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0
| MSTPA7| MSTPAG| MSTPAS| MSTPA4| MSTPA3| MSTPA2| MSTPA1| MSTPAOQ|

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

MSTPCRA is an 8-hit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCRA is set to 1, TPU operation stops at the end of the bus cycle
and atransition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 5—Module Stop (M STPADJ): Specifies the TPU module stop mode.

Bit 5
MSTPAS5  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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11.3 Interfaceto Bus Master

11.31 16-Bit Registers

TCNT and TGR are 16-bit registers. Asthe data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 11-2.

Internal data bus
H

master :l] L ::

> Module
> data bus

Bus interface

VAN

VS

| TCNTH | TCNTL |

Figure11-2 16-Bit Register Access Operation [BusMaster ~ TCNT (16 Bits)]

11.3.2 8- Bit Registers

Registers other than TCNT and TGR are 8-hit. Asthe data busto the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.
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Examples of 8-bit register access operation are shown in figures 11-3, 11-4, and 11-5.

Internal data bus

> Module
> data bus

7S

master Bus interface

>

VANVAN

TCR

Figure11-3 8-Bit Register Access Operation [BusMaster - TCR (Upper 8 Bits)]

Internal data bus

)

> Module
> data bus

Bus
master L Bus interface

VANIAN

H

TMDR

Figure11-4 8-Bit Register Access Operation [BusMaster -~ TMDR (Lower 8 Bits)]

Internal data bus

H
master 1 L [ Bus interface

> Module
> data bus

VANIAN

VIS

TMDR |

Figure11-5 8-Bit Register Access Operation [BusMaster ~ TCR and TMDR (16 Bits)]
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114 Operation

1141  Overview
Operation in each mode is outlined below.

Normal Operation: Each channel hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Oper ation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT countersis also possible by setting the timer
synchronization bitsin TSYR for channels designated for synchronous operation.

Buffer Operation

*  When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

e When TGR isan input capture register

When input capture occurs, the value in TCNT istransfer to TGR and the value previously
held in TGR is transferred to the buffer register.

Cascaded Operation: The channel 1 counter (TCNT1), channel 2 counter (TCNT2), channel 4
counter (TCNT4), and channel 5 counter (TCNT5) can be connected together to operate as a 32-
bit counter.

PWM Mode: In thismode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: Inthismode, TCNT isincremented or decremented by detecting the
phases of two clocks input from the external clock input pinsin channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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11.4.2 Basic Functions

Counter Operation: When one of bits CSTOto CST5issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

» Example of count operation setting procedure

Figure 11-6 shows an example of the count operation setting procedure.

< Operation selection > [1] select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.
. . [2] For periodic counter
< Periodic counter > < Free-running counter > operation, select the
TGR to be used as
the TCNT clearing
2] source with bits

CCLR2 to CCLRO in
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].

Set the CST bit in
TSTR to 1 to start
the counter
operation.

—

Select counter clearing source

—_

Set period [4] [4

[l

Start count operation [5] Start count operation [5]1 5

—

<Periodic counter> <Free-running counter>

Figure11-6 Example of Counter Operation Setting Procedure

555
RENESAS




Free-running count operation and periodic count operation

Immediately after areset, the TPU's TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSR is set to 1. If the value of the corresponding TCIEV hitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 11-7 illustrates free-running counter operation.

TCNT value
H'FFFF

H'0000 Time

CST bit

TCFV

Figure11-7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is sel ected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.
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Figure 11-8 illustrates periodic counter operation.

Time

TCNT value Counter cleared by TGR
mpare match
TGR b oo #comparematch .
H'0000 r
CST bit ;
Flag cleared by software or
»~ DTC*/DMAC™* activation

TGF

Note: * DMAC and DTC functions are not available in the H8S/2695.

Figure11-8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

» Example of setting procedure for waveform output by compare match
Figure 11-9 shows an example of the setting procedure for waveform output by compare match

< Output selection >

Select wavefor|

m output mode

Set outp

ut timing

Start count operation

l

<Wavefor

m output>

(1]

(2]

(3]

(1]

(2]

Select initial value 0 output or 1 output, and
compare match output value 0 output, 1 output,
or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Set the timing for compare match generation in
TGR.

Set the CST bitin TSTR to 1 to start the count
operation.

Figure11-9 Example of Setting Procedure for Waveform Output by Compare Match
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Examples of waveform output operation
Figure 11-10 shows an example of 0 output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

Time

~No change ~No change

TIOCA ' : : 1 output

TIOCB ~ No change ~ No change 0 output
O O

Figure11-10 Example of 0 Output/1 Output Operation
Figure 11-11 shows an example of toggle outpuit.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output istoggled by both
compare match A and compare match B.

TCNT value

Time

TIOCB Toggle output

TIOCA Toggle output

Figure11-11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be sel ected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’ s counter input clock or compare match signal
as the input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, @/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if @/1 is selected.

» Example of input capture operation setting procedure
Figure 11-12 shows an example of the input capture operation setting procedure.

< nout selection > [1] Designate TGR as an input capture register by
P means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

Select input capture input 11 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure11-12 Example of Input Capture Operation Setting Procedure
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» Example of input capture operation
Figure 11-13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
H'0L180 | ---mmmmm e e e e e e e o

1< v <

H'00L0 |- weemmeme et ST VR I I
H'0005 |-« - - Y e IR IS I = '

H'0000

I

TIOCA \

TGRA

Figure11-13 Example of Input Capture Operation
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11.4.3

Synchronous Operation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten

simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared

simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedur e: Figure 11-14 shows an example of the
synchronous operation setting procedure.

Synchronous operation)
selection

Set synchronous
operation

CSynchronous presettin@

Set TCNT

Y
<Synchronous presetting>

[1]
CSynchronous clearing>
(2] Clearing
source generation

channel?

Yes

No

Select counter
clearing source

Start count

i

<Counter clearing>

(3]

(5]

Set synchronous
counter clearing

Start count

i

<Synchronous clearing>

(4]

(5]

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

[21 Whenthe TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,

etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 11-14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 11-15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed
for channels0to 2 TCNT counters, and the data set in TGROB is used asthe PWM cycle.

For details of PWM modes, see section 11.4.6, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values / \

TGROB [ -----mmmmmmmmm oo s oo g mmoooooooooooo- ----
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A _,7 | I | I

Figure11-15 Example of Synchronous Operation
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1144  Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer

registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 11-5 shows the register combinations used in buffer operation.

Table11-5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

*  When TGR is an output compare register
When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation isillustrated in figure 11-16.

Buffer register

Compare match signal

Timer general [\
register |/

Comparator ( TCNT

Figure11-16 Compare Match Buffer Operation
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*  When TGR isan input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.

This operationisillustrated in figure 11-17.

Input capture
signal

Buffer register

Timer general

; TCNT
register

Figure11-17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 11-18 shows an example of the buffer

operation setting procedure.

< Buffer operation >

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

(2]

(3]

[1] Designate TGR as an input capture register or
output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

[3] Setthe CST bitin TSTR to 1 to start the count
operation.

Figure 11-18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

When TGR is an output compare register

Figure 11-19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
valuein buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 11.4.6, PWM Modes.

TCNT value
S % e 7075 s B =0 =70
o200 L | -
TGROA|. . ! : ; D
H'0000 Lo : : o = Time
TGROC HO200 X | HO450 ! X | Hoseo e
Transferi\ I\ I l\ \ I :\‘:\ :
TGROA X | Ho2o0! X | H0450 ¢
TIOCA —|—,—‘

Figure11-19 Example of Buffer Operation (1)
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*  When TGR isan input capture register
Figure 11-20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT valueis stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOFQ7 | - - - = - e o o e o o oo o oo o oo

O =

R30S SR I

H'0000 Time

TIOCA

H'0532 H'OF07

TGRA

TGRC

H'0532 X HoFo7

Figure11-20 Example of Buffer Operation (2)
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1145 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNT5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 11-6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channels 1 or 4, the counter clock setting isinvalid
and the counter operates independently in phase counting mode.

Table11-6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedure: Figure 11-21 shows an example of the
setting procedure for cascaded operation.

< Cascaded operation > [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B'111 to select TCNT2
‘ (TCNTH5) overflow/underflow counting.

Set cascading [1] [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count [2]

v

<Cascaded operation>

Figure11-21 Cascaded Operation Setting Procedure
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Examples of Cascaded Operation: Figure 11-22 illustrates the operation when counting upon
TCNT2 overflow/underflow has been set for TCNT1, TGR1A and TGR2A have been designated
asinput capture registers, and TIOC pin rising edge has been selected.

When arising edgeisinput to the TIOCA1 and TIOCA?2 pins simultaneoudly, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bitsto TGR2A.

TCNT1 ,_l
clock

TCNTI  HO3AL X H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFF X H'0000 X H'0001
TIOCAL,

TIOCA2 | L
TGRIA X H'03A2

TGR2A X H'0000

Figure 11-22 Example of Cascaded Operation (1)

Figure 11-23 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNTL, and phase counting mode has been designated for channel 2.

TCNT1 isincremented by TCNT2 overflow and decremented by TCNT2 underflow.

TCLKC _,—\—, I—,_
Nr s N S N S

TCNT2 XFFEDX FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 11-23 Example of Cascaded Operation (2)
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1146 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described bel ow.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bitsIOA3 to IOA0 and IOC3to I0OCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to I0OB0 and 10D3 to 10D0 in TIOR is output at compare matches B
and D. Theinitial output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM outpult is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 11-7.
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Table11-7 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCAZ2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS TIOCAS
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.

570
RENESAS



Example of PWM M ode Setting Procedure: Figure 11-24 shows an example of the PWM mode
setting procedure.

< PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bhits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Selectthe PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 11-24 Example of PWM M ode Setting Procedure

Examples of PWM M ode Operation: Figure 11-25 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.
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TCNT value
Counter cleared by

,/ TGRA compare match
TORA |- cmmm oo A .

TGRB |-t
H'0000

Time

TIOCA 4, \—, \—,

Figure11-25 Example of PWM M ode Operation (1)
Figure 11-26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
isset asthe TCNT clearing source, and O is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGRIB |- -mmmmmmmmm e
TGRIA oo s N
TGROD |- T AN R
TGROC f--mmmmm Tl ; ;

TGROB | ----oo e (A e T PR e T R
TGROA |- 7. : - : - :
H'0000

_______________________________________________________

__________

TIOCAO — !

TIOCBO

TIOCCO

TIOCDO

TIOCAL _‘ _‘

Figure11-26 Example of PWM M ode Operation (2)
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Figure 11-27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value TGRB rewritten
TGRA |---emmmoemen- LT EE T T -
TGRB | : TGRB rewritten
|

H'0000 :

TIOCA J | 0% duty :

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA

TGRB | TGRB rewritten

H'0000 : =il Time

100% duty J

TIOCA
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten
TGRA |----emomoe- (@ RN -
: TGRB rewritten
TGRB | O _
! TGRB rewritten
H'0000 : | |+ Time
i 100% duty 0% duty !
TIOCA . ;
Figure 11-27 Example of PWM M ode Operation (3)
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11.4.7 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 11-8 shows the correspondence between external clock pins and channels.

Table11-8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 11-28 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

v

<Phase counting mode>

Figure 11-28 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting M ode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

» Phase counting mode 1

Figure 11-29 shows an example of phase counting mode 1 operation, and table 11-9
summarizes the TCNT up/down-count conditions.

TCLKA (ch Is1and5
T e oy 1 1] I I

TCLKB (channels 1 and 5)
TCLKD (channels 2 and 4)

TCNT value

Time
Figure11-29 Example of Phase Counting Mode 1 Oper ation

Table 11-9 Up/Down-Count Conditionsin Phase Counting Mode 1
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level = Up-count
Low level 1
= Low level
1 High level
High level 1 Down-count
Low level =
= High level
1 Low level
Legend

{ :Rising edge

Y : Falling edge
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» Phase counting mode 2

Figure 11-30 shows an example of phase counting mode 2 operation, and table 11-10
summarizes the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5) | | | | |
TCLKC (Channels 2 and 4) i

TCLKB (Channels 1 and 5)

L

TCLKD (Channels 2 and 4)
TCNT value

V

Time

Figure11-30 Example of Phase Counting Mode 2 Operation
Table 11-10 Up/Down-Count Conditionsin Phase Counting M ode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Ey Don't care
Low level R Don'’t care
Ey Low level Don't care
e High level Up-count
High level R Don't care
Low level 4 Don'’t care
4 High level Don’t care
R Low level Down-count
Legend

£ :Rising edge
1 :Falling edge
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» Phase counting mode 3

Figure 11-31 shows an example of phase counting mode 3 operation, and table 11-11
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) _,_‘_’_‘_’_\_,
TCLKC (channels 2 and 4) ‘ ‘ ;
TCLKB (channels 1 and 5) 1 1 ‘
TCLKD (channels 2 and 4)

TCNT value

I N B

o e

Time
Figure11-31 Example of Phase Counting M ode 3 Operation

Table 11-11 Up/Down-Count Conditionsin Phase Counting Mode 3
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level = Don't care
Low level 1 Don't care
£ Low level Don't care
R High level Up-count
High level 1 Down-count
Low level Ey Don'’t care
= High level Don't care
1 Low level Don'’t care
Legend

£ : Rising edge

't : Falling edge
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» Phase counting mode 4

Figure 11-32 shows an example of phase counting mode 4 operation, and table 11-12
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

TCLKD (channels 2 and 4)
TCNT value

TCLKB (channels 1 and 5) |

Time

Figure 11-32 Example of Phase Counting Mode 4 Operation

Table 11-12 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Ey Up-count
Low level R

Ey Low level Don't care
e High level

High level R Down-count
Low level Ey

4 High level Don’t care
R Low level

Legend

£ :Rising edge
Y : Falling edge

578
RENESAS



Phase Counting M ode Application Example: Figure 11-33 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel O to input servo
motor 2-phase encoder pulsesin order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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Channel 1

TCLKA Edge
detection TCNT1
TCLKB circuit
\
TGR1A

&
IS

(speed period capture)

TGR1B
(position period capture)

&
IS

L TCNTO

¥

TGROA (speed control period) = ;]>
TGROC +

(position control period) — ;l>

[P
TGROB (pulse width capture) <<]>

~I>> TGROD (buffer operation)

Channel 0

Figure 11-33 Phase Counting Mode Application Example
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11.5 Interrupts

1151 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 5, Interrupt Controller.

Table 11-13 lists the TPU interrupt sources.
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Table 11-13 TPU Interrupts

Interrupt DMAC* DTC*
Channel Source Description Activation Activation Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible A
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCIOV TCNTO overflow Not possible Not possible
1 TGI1A TGR1A input capture/compare match Possible Possible
TGI1B TGRI1B input capture/compare match Not possible Possible
TCIlV TCNT1 overflow Not possible Not possible
TCI1U TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCI2V TCNT2 overflow Not possible Not possible
TCI2U TCNT2 underflow Not possible Not possible
3 TGI3A TGRS3A input capture/compare match Possible Possible
TGI3B TGR3B input capture/compare match Not possible Possible
TGI3C TGR3C input capture/compare match Not possible Possible
TGI3D TGR3D input capture/compare match Not possible Possible
TCI3V TCNT3 overflow Not possible Not possible
4 TGI4A TGRA4A input capture/compare match Possible Possible
TGI4B TGRA4B input capture/compare match Not possible Possible
TClaVv TCNT4 overflow Not possible Not possible
TCl4U TCNT4 underflow Not possible Not possible
5 TGI5A TGRS5A input capture/compare match Possible Possible
TGI5B TGRS5B input capture/compare match Not possible Possible
TCI5V TCNTS5 overflow Not possible Not possible
TCI5U TCNT5 underflow Not possible Not possible Low

Notes: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

* DMAC and DTC functions are not available in the H8S/2695.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flagto 0. The
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

1152 DTC/DMAC Activation (Thisfunction is not available in the H85/2695)

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for achannel. For details, see section 9, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

DMAC Activation: Itispossibleto activate the DMAC by the TGRA input capture/compare
match interrupt for each channel. See section 8, DMA Controller (DMAC) for details.

In TPU, it is possible to set the TGRA input capture/compare match interrupts for each channel,
giving atotal of 6, as DMAC activation factors.

11.5.3 A/D Converter Activation

The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bitin TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, areguest to start A/D conversionis
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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11.6  Operation Timing

11.6.1  Input/Output Timing

TCNT Count Timing: Figure 11-34 shows TCNT count timing in internal clock operation, and
figure 11-35 shows TCNT count timing in external clock operation.

- J Uy Uy e e

Internal clock Falling edge Rising edge

N\ N\

input clock ——— — —

TCNT N-1 >< N >< N+1 >< N+2

Figure11-34 Count Timingin Internal Clock Operation

- J Uy e e

External clockw Falling edge Rising edge Falling edge

N

TCNT
input clock ——— —_ —_—
TCNT N-1 >< N >< N+1 >< N+2
Figure11-35 Count Timing in External Clock Operation
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Output Compare Output Timing: A compare match signal is generated in the final state in
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 11-36 shows output compare output timing.

SN O O O B O
TCNT ,—‘

input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure 11-36 Output Compare Output Timing

Input Capture Signal Timing: Figure 11-37 showsinput capture signal timing.

I I
Input capture

input |
Input capture

signal

TCNT X N E X N+1 X N+2 E X x

TGR >< N >< N+2

Figure 11-37 Input CaptureInput Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 11-38 shows the
timing when counter clearing by compare match occurrence is specified, and figure 11-39 shows
the timing when counter clearing by input capture occurrence is specified.

- J oy

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure 11-38 Counter Clear Timing (Compare Match)

Input capture
signal

Counter clear

signal
TCNT N >< H'0000
TGR >< N
Figure 11-39 Counter Clear Timing (Input Capture)
586

RENESAS




Buffer Operation Timing: Figures 11-40 and 11-41 show the timing in buffer operation.

- Uy

TCNT n >< n+l
Compare

match signal

TGRA, n E X N

TGRB ;

TGRC, ]
TGRD ]

Figure 11-40 Buffer Operation Timing (Compare Match)

- J Uy

Input capture

signal
TCNT N >< N+1
. N
123@' noo >< N >< N+1
TGRC, B\ B
TGRD >< n >< N

Figure11-41 Buffer Operation Timing (Input Capture)
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11.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 11-42 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signa
timing.

- J oy

TCNT input
clock

TCNT N >< N+1

TGR N

Compare
match signal

TGF flag

TGl interrupt

Figure11-42 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of I nput Capture: Figure 11-43 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

- J Uy

Input capture
signal

TCNT N

Y

TGR |

TGF flag

TGl interrupt

Figure 11-43 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 11-44 shows the timing for setting of the TCFV
flagin TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 11-45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

’ JU Uy UL
TCNT input
clock

TCNT H'FFFF >< H'0000
(overflow)

Overflow

signal

TCFV flag |

TCIV interrupt |

Figure11-44 TCIV Interrupt Setting Timing

. R O O
TCNT
input clock

TCNT . :
(underflow) H'0000 >< H'EFFF
Underflow signal ,—\
TCFU flag |

TCIU interrupt |

Figure11-45 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflagisread as 1 by the CPU, it is cleared by writing
Otoit. Whenthe DTC* or DMAC* is activated, the flag is cleared automatically. Figure 11-46
shows the timing for status flag clearing by the CPU, and figure 11-47 shows the timing for status
flag clearing by the DTC* or DMAC*.

Note: * DMAC and DTC functions are not available in the H8S/2695.

TSR write cycle

T1 T2

}4—»’4—»‘
’ JU U UYL
Address >< TSR address ><
Write signal
Status flag |
Interrupt
request |
signal

Figure11-46 Timingfor StatusFlag Clearing by CPU

DTC*/DMAC* DTC*/DMAC*
read cycle write cycle

Tl T2 Tl T2 |

- J Uy

Destination
Address >< Source address address ><
Status flag |
Interrupt
request |
signal

Note: * DMAC and DTC functions are not available in the H8S/2695.

Figure 11-47 Timingfor StatusFlag Clearing by DTC* or DMAC* Activation
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11.7 Usage Notes
Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 11-48 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
Overlap | ence |Overlap; ence

TCLKA 3
(TCLKC) ;
TCLKB ! 3
(TCLKD) . ;

Pulse width Pulse width

-——- -————
. Pulse width | . Pulse width |

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure 11-48 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Caution on Period Setting: When counter clearing by compare match isset, TCNT is cleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

2
(N+1D

Where  f : Counter frequency
g : Operating frequency
N :TGR setvaue
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Contention between TCNT Writeand Clear Operations: If the counter clear signal is
generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT
write is not performed.

Figure 11-49 shows the timing in this case.

TCNT write cycle

T1 T2

e
g S LU
Address >< TCNT address ><
Write signal
Counter clear
signal
TCNT N >< H'0000

Figure 11-49 Contention between TCNT Writeand Clear Operations
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Contention between TCNT Write and Increment Oper ations: If incrementing occursin the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 11-50 shows the timing in this case.

TCNT write cycle

T1 T2

e A
’ JU ULy L
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< P M

TCNT write data

Figure11-50 Contention between TCNT Write and I ncrement Operations
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Contention between TGR Write and Compare Match: If acompare match occursin the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 11-51 shows the timing in this case.

TGR write cycle

T1 T2 |

- J Uy e

Address >< TGR address ><
Write signal
Compare T ' -
match signal ' : Inhibited
TCNT N >< N+1
TGR N >< P M
TGR write data
Figure11-51 Contention between TGR Writeand Compare Match
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Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 11-52 shows the timing in this case.

TGR write cycle

‘M‘
. IR

Buffer register ><
address

Address

Write signal

Compare
match signal

Buffer register write data

Buffer
register

—— =

TGR

Figure11-52 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and I nput Capture: If the input capture signal is generated in
the T1 state of a TGR read cycle, the data that is read will be the data after input capture transfer.

Figure 11-53 shows the timing in this case.

TGR read cycle

Tl T2
@ J LI LI LI LI L
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus

Figure 11-53 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 11-54 shows the timing in this case.

TGR write cycle

‘A,’,L,‘
. T O A
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M
\
TGR >< M
Figure11-54 Contention between TGR Writeand Input Capture
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Contention between Buffer Register Writeand Input Capture: If the input capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 11-55 shows the timing in this case.

Buffer register write cycle

T1 T2

Buffer register ><
address

Address

Write signal

Input capture

signal

TCNT PN

TGR M : >< N
Buffer >< M
reglster

Figure 11-55 Contention between Buffer Register Writeand I nput Capture
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Contention between Overflow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is not set and TCNT clearing
takes precedence.

Figure 11-56 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

- LU

TCNT input
clock

TCNT HFFFF >< H'0000

Counter
clear signal

TGF

Disabled —_ ;j----------mmmmommmomomoooes
TCFV i

Figure11-56 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If thereis an up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 11-57 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T1 | T2 |

- ™ \
° JL T TP
Address >< TCNT address ><
Write signal )

TCNT write data
?

TCNT H'FFFF >< M

TCFV flag |

Figure 11-57 Contention between TCNT Write and Overflow

Multiplexing of I/0O Pins: In the H8S/2633 Series, the TCLKA input pin is multiplexed with the
TIOCCO I/O pin, the TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the
TIOCB1 I/O pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock is
input, compare match output should not be performed from a multiplexed pin.

Interruptsand Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DMAC* or DTC*
activation source. Interrupts should therefore be disabled before entering modul e stop mode.

Note: * Thisfunction is not available in the H8S/2695.
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Section 12 Programmable Pulse Generator (PPG)
(This function is not available in the H8S/2695)

121  Overview

The H85/2633 Series has a built-in programmable pul se generator (PPG) that provides pulse
outputs by using the 16-bit timer-pulse unit (TPU) as atime base. The PPG pulse outputs are
divided into 4-bit groups (group 3 and group 2) that can operate both simultaneously and
independently.

12.1.1 Features

PPG features are listed bel ow.

8-bit output data
0 Maximum 8-bit data can be output, and output can be enabled on a bit-by-bit basis

Two output groups

O Output trigger signals can be selected in 4-bit groups to provide up to two different 4-bit
outputs

Selectable output trigger signals

O Output trigger signals can be selected for each group from the compare match signals of
four TPU channels

Non-overlap mode
O A non-overlap margin can be provided between pulse outputs

Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)

0 The compare match signals selected as output trigger signals can activate the DTC or
DMAC for sequential output of data without CPU intervention

Settable inverted output
O Inverted data can be output for each group

Module stop mode can be set

0 Astheinitia setting, PPG operation is halted. Register accessis enabled by exiting module
stop mode
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12.1.2

Block Diagram

Figure 12-1 shows a block diagram of the PPG.

PO15 =—
PO14 -— Pulse output
PO13 =—1 pins, group 3
PO12 =—j
PO11 =—
PO10 -— Pulse output
PO9 = pins, group 2
PO8 —=—

Legend
PMR
PCR
NDERH
NDERL
NDRH
NDRL
PODRH
PODRL

Compare match signals

b

|

NDERH

NDERL

PMR

PCR

Control logic

Pulse output
pins, group 1

Pulse output
pins, group 0

: PPG output mode register

: PPG output control register
: Next data enable register H
: Next data enable register L

: Next data register H
: Next data register L
: Output data register H
: Output data register L

PODRH

PODRL

Internal
data bus
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12.1.3  Pin Configuration
Table 12-1 summarizes the PPG pins.

Table12-1 PPG Pins

Name Symbol I/0 Function

Pulse output 8 POS8 Output Group 2 pulse output
Pulse output 9 PO9 Output

Pulse output 10 PO10 Output

Pulse output 11 PO11 Output

Pulse output 12 PO12 Output Group 3 pulse output
Pulse output 13 PO13 Output

Pulse output 14 PO14 Output

Pulse output 15 PO15 Output
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1214 Registers

Table 12-2 summarizes the PPG registers.

Table12-2 PPG Registers

Name Abbreviation R/W Initial Value Address**
PPG output control register PCR R/W H'FF H'FE26
PPG output mode register PMR R/W H'FO H'FE27
Next data enable register H NDERH R/W H'00 H'FE28
Next data enable register L** NDERL R/W H'00 H'FE29
Output data register H PODRH R/(W)*?>  HO00 H'FE2A
Output data register L** PODRL R/(W)*?  H'00 H'FE2B
Next data register H NDRH R/W H'00 H'FE2C*?
H'FE2E
Next data register L** NDRL R/W H'00 H'FE2D*?
H'FE2F
Port 1 data direction register P1DDR w H'00 H'FE30
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 A bit that has been set for pulse output by NDER is read-only.

*3 When the same output trigger is selected for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FE2C. When the output triggers are different, the
NDRH address is H'FE2E for group 2 and H'FE2C for group 3.
Similarly, when the same output trigger is selected for pulse output groups 0 and 1 by
the PCR setting, the NDRL address is H'FE2D. When the output triggers are different,
the NDRL address is H'FE2F for group 0 and H'FE2D for group 1.

*4 The H8S/2633 Series has no pins corresponding to pulse output groups 0 and 1.
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12.2  Register Descriptions

1221 Next Data Enable RegistersH and L (NDERH, NDERL)

NDERH
Bit : 7 6 5 4 3 2 1 0
‘NDERls‘NDER14‘NDER13‘NDER12]NDER11]NDEqu NDERQ‘ NDER8‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW RIW RIW RIW RIW RW  RW RIW
NDERL
Bit : 7 6 5 4 3 2 1 0
‘ NDER?‘ NDERG‘ NDERS‘ NDER4’ NDERS’ NDER2] NDERl’ NDERO‘
Initial value : 0 0 0 0 0 0 0 0
RIW - RW RIW RIW RIW RIW RW  RW RIW

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on a
bit-by-bit basis.

If abit isenabled for pulse output by NDERH or NDERL, the NDR value is automatically
transferred to the corresponding PODR bit when the TPU compare match event specified by PCR
occurs, updating the output value. If pulse output is disabled, the bit value is not transferred from
NDR to PODR and the output value does not change.

NDERH and NDERL are each initialized to H'00 by areset and in hardware standby mode. They
are not initialized in software standby mode.

NDERH Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These hits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 Pulse outputs PO15 to POS8 are disabled (NDR15 to NDR8 are not
transferred to POD15 to PODS8) (Initial value)

1 Pulse outputs PO15 to POS8 are enabled (NDR15 to NDRS8 are transferred

to POD15 to POD8)
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NDERL Bits7to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These hits enable or
disable pulse output on a bit-by-bit basis. However, the H85/2633 Series has no output pins
corresponding to NDRL.

Bits 7to O

NDER7 to NDERO Description

0 Pulse outputs PO7 to POO are disabled (NDR7 to NDRO are not
transferred to POD7 to PODO) (Initial value)

1 Pulse outputs PO7 to POO are enabled (NDR7 to NDRO are transferred to

POD7 to PODO)

12.2.2  Output Data RegistersH and L (PODRH, PODRL)

PODRH
Bit : 7 6 5 4 3 2 1 0

\ POD15‘ POD14‘ POD13‘ PODlZ‘ PODll‘ PODlO’ POD9 ] PODS
Initial value : 0 0 0 0 0 0 0 0
RIW CORI(WY* RIW)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)*
PODRL
Bit : 7 6 5 4 3 2 1 0

\ POD?\ PODG‘ PODS‘ POD4‘ PODS‘ POD2’ PODl’ PODO‘
Initial value : 0 0 0 0 0 0 0 0
RIW CORI(W)* RIW)* RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RI(W)*

Note: * A bit that has been set for pulse output by NDER is read-only.

PODRH and PODRL are 8-hit readable/writable registers that store output data for usein pulse
output. However, the H8S/2633 Series has no pins corresponding to PODRL.
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12.23 Next Data RegistersH and L (NDRH, NDRL)

NDRH and NDRL are 8-bit readable/writable registers that store the next data for pulse output.
During pulse output, the contents of NDRH and NDRL are transferred to the corresponding bitsin
PODRH and PODRL when the TPU compare match event specified by PCR occurs. The NDRH
and NDRL addresses differ depending on whether pulse output groups have the same output
trigger or different output triggers. For details see section 12.2.4, Notes on NDR Access.

NDRH and NDRL are each initialized to H'00 by areset and in hardware standby mode. They are

not initialized in software standby mode.

12.2.4 Noteson NDR Access

The NDRH and NDRL addresses differ depending on whether pulse output groups have the same
output trigger or different output triggers.

Same Trigger for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by the
same compare match event, the NDRH addressis H'FE2C. The upper 4 bits belong to group 3
and the lower 4 bitsto group 2. Address H'FE2E consists entirely of reserved bits that cannot be
modified and are alwaysread as 1.

AddressH'FE2C

Bit L7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDRS |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

AddressH'FE2E

Bit : 7 6 5 4 3 2 1 0
-l -1 -1 -1=-]T=-1]-=-1=1

Initial value : 1 1 1 1 1 1 1 1

R/W : — — — — — — — —

If pulse output groups 0 and 1 are triggered by the same compare match event, the NDRL address
isH'FE2D. The upper 4 bits belong to group 1 and the lower 4 bitsto group 0. Address H'FE2F
consists entirely of reserved bits that cannot be modified and are always read as 1. However, the
H8S/2633 Series has no output pins corresponding to pulse output groups 0 and 1.
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AddressH'FE2D

Bit L7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDR1 | NDRO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

AddressH'FE2F

Bit : 7 6 5 4 3 2 1 0
-l -l -] -1T-1-]T~-71T =

Initial value : 1 1 1 1 1 1 1 1

R/W : — — — — — — — _

Different Triggersfor Pulse Output Groups: If pulse output groups 2 and 3 are triggered by
different compare match events, the address of the upper 4 bitsin NDRH (group 3) is H'FE2C and
the address of the lower 4 bits (group 2) is H'FE2E. Bits 3 to 0 of address H'FE2C and bits 7 to 4
of address H'FE2E are reserved bits that cannot be modified and are always read as 1.

AddressH'FE2C

Bit L7 6 5 4 3 2 1 0

| NDRI5 | NDR14| NDR13 | NDR12| — | — | — | — |
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RW RW  RW — _ _ _

AddressH'FE2E

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | NDRi1| NDR10| NDR9 | NDRS |
Initial value : 1 1 1 1 0 0 0 0
RIW S _ — — RW RW RW  RW

If pulse output groups 0 and 1 are triggered by different compare match event, the address of the
upper 4 bitsin NDRL (group 1) is H'FE2D and the address of the lower 4 bits (group 0) is
H'FE2F. Bits 3 to 0 of address H'FE2D and bits 7 to 4 of address H'FE2F are reserved bits that
cannot be modified and are aways read as 1. However, the H85/2633 Series has no output pins
corresponding to pulse output groups 0 and 1.
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AddressH'FE2D

Bit L7 6 5 4 3 2 1 0
| NDR7 | NDR6 | NDR5 | NDR4 | — | — | — | — |

Initial value : 0 0 0 0 1 1 1 1

RIW . RW RW RW  RW —_ _ _ _

AddressH'FE2F

Bit L7 6 5 4 3 2 1 0
. — | — | — | — | NDR3 | NDR2 | NDRL | NDRO |

Initial value : 1 1 1 1 0 0 0 0

RIW S — — — RW RW RW  RW

12.25 PPG Output Control Register (PCR)

Bit L7 6 5 4 3 2 1 0
|G3CMS1| G3CMS0 G2CMS1| G2CMS0| G1CMS1 | G1CMS0| GOCMS1 | GOCMSO|

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

PCR is an 8-bit readable/writable register that selects output trigger signals for PPG outputs on a
group-by-group basis.

PCR isinitialized to H'FF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match that triggers pulse output group 3 (pins PO15 to PO12).

Bit 7 Bit 6 Description
G3CMS1 G3CMSO0 Output Trigger for Pulse Output Group 3
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)
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Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match that triggers pulse output group 2 (pins PO11 to POS).

Bit 5 Bit 4 Description
G2CMS1 G2CMSO0 Output Trigger for Pulse Output Group 2
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1ICM S0): These bits
select the compare match that triggers pulse output group 1 (pins PO7 to PO4). However, the
H8S/2633 Series has no output pins corresponding to pulse output group 1.

Bit 3 Bit 2 Description
G1CMS1 G1CMSO0 Output Trigger for Pulse Output Group 1
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match that triggers pulse output group 0 (pins PO3 to POO0). However, the
H8S5/2633 Series has no output pins corresponding to pulse output group O.

Bit 1 Bit 0 Description
GOCMS1 GOCMSO0 Output Trigger for Pulse Output Group 0
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)
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12.26  PPG Output Mode Register (PMR)

Bit L7 6 5 4 3 2 1 0
| G3INV | G2INV | GLINV | GOINV | G3NOV | G2NOV | GINOV | GONOV |

Initial value : 1 1 1 1 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PMR is an 8-bit readable/writable register that selects pulse output inversion and non-overlapping
operation for each group.

The output trigger period of a non-overlapping operation PPG output waveform is set in TGRB
and the non-overlap margin is set in TGRA. The output values change at compare match A and B.

For details, see section 12.3.4, Non-Overlapping Pulse Output.

PMR isinitialized to H'FO by areset and in hardware standby mode. Itisnotinitialized in
software standby mode.

Bit 7—Group 3 Inversion (G3INV): Selectsdirect output or inverted output for pulse output
group 3 (pins PO15 to PO12).

Bit 7

G3INV Description

0 Inverted output for pulse output group 3 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 3 (high-level output at pin for a 1 in PODRH)

(Initial value)

Bit 6—Group 2 Inversion (G2INV): Selects direct output or inverted output for pulse output
group 2 (pins PO11 to PO8).

Bit 6
G2INV Description
0 Inverted output for pulse output group 2 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 2 (high-level output at pin for a 1 in PODRH)
(Initial value)
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Bit 5—Group 1 Inversion (G1INV): Selectsdirect output or inverted output for pulse output
group 1 (pins PO7 to PO4). However, the H8S/2633 Series has no pins corresponding to pulse
output group 1.

Bit 5
G1INV Description

0 Inverted output for pulse output group 1 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 1 (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 4—Group 0 Inversion (GOINV): Selectsdirect output or inverted output for pulse output
group O (pins PO3 to PO0). However, the H8S/2633 Series has no pins corresponding to pulse
output group 0.

Bit 4

GOINV Description

0 Inverted output for pulse output group 0 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 0 (high-level output at pin for a 1 in PODRL)
(Initial value)

Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping operation for pulse
output group 3 (pins PO15 to PO12).

Bit 3
G3NOV Description

0 Normal operation in pulse output group 3 (output values updated at compare match A
in the selected TPU channel) (Initial value)
1 Non-overlapping operation in pulse output group 3 (independent 1 and O output at

compare match A or B in the selected TPU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping operation for pulse
output group 2 (pins PO11 to PO8).

Bit 2
G2NOV Description

0 Normal operation in pulse output group 2 (output values updated at compare match A
in the selected TPU channel) (Initial value)
1 Non-overlapping operation in pulse output group 2 (independent 1 and 0 output at

compare match A or B in the selected TPU channel)
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Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping operation for pulse
output group 1 (pins PO7 to PO4). However, the H8S/2633 Series has no pins corresponding to
pulse output group 1.

Bit 1

G1NOV Description

0 Normal operation in pulse output group 1 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 1 (independent 1 and 0 output at

compare match A or B in the selected TPU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping operation for pulse
output group 0 (pins PO3 to POO). However, the H8S/2633 Series has no pins corresponding to
pulse output group O.

Bit 0

GONOV Description

0 Normal operation in pulse output group O (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group O (independent 1 and 0 output at

compare match A or B in the selected TPU channel)
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12.2.7 Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0
| P17DDR | P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | P10DDR

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

Port 1 is multiplexed with pins PO15 to PO8. Bits corresponding to pins used for PPG output must
be set to 1. For further information about PIDDR, see sections 10A.2 and 10B.2, Port 1.

12.28 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0
| MSTPA7| MSTPAG| MSTPAS | MSTPA4| MSTPA3| MSTPA2| MSTPAL| MSTPAQ

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW  RW

MSTPCRA isan 8-hit readable/writable register that performs module stop mode control.

When the MSTPA3 bit in MSTPCRA is set to 1, PPG operation stops at the end of the bus cycle
and atransition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 3—Module Stop (M STPA3): Specifies the PPG module stop mode.

Bit 3

MSTPA3 Description

0 PPG module stop mode cleared

1 PPG module stop mode set (Initial value)
616

RENESAS



12.3  Operation

12.3.1 Overview

PPG pulse output is enabled when the corresponding bitsin PADDR and NDER aresetto 1. In
this state the corresponding PODR contents are output.

When the compare match event specified by PCR occurs, the corresponding NDR bit contents are
transferred to PODR to update the output values.

Figure 12-2 illustrates the PPG output operation and table 12-3 summarizes the PPG operating
conditions.

DDR NDER
Q Q
Output trigger signal
C
QPODR D Q NDR Dj«— Internal data bus
Pulse output pin

Normal output/inverted output

Figure12-2 PPG Output Operation

Table 12-3 PPG Operating Conditions

NDER DDR Pin Function
0 0 Generic input port
1 Generic output port
1 0 Generic input port (but the PODR bit is a read-only bit, and when

compare match occurs, the NDR bit value is transferred to the PODR bit)

1 PPG pulse output

Sequential output of data of up to 16 bitsis possible by writing new output datato NDR before the
next compare match. For details of non-overlapping operation, see section 12.3.4, Non-
Overlapping Pulse Output.
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12.3.2  Output Timing

If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 12-3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

° N I B O B B B
TCNT >< N >< N+1 ><

TGRA N

Compare match

A signal

NDRH n

PODRH m >< - n
PO8 to PO15 m >< n

Figure12-3 Timing of Transfer and Output of NDR Contents (Example)
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12.3.3 Normal Pulse Output

Sample Setup Procedurefor Normal Pulse Output: Figure 12-4 shows a sample procedure for
setting up normal pulse output.

< Normal PPG output ) [1] Set TIOR to make T_GRA an output
| cgmpare register (with output
| Select TGR functions | [1] disabled).
\ [2] Setthe PPG output trigger period.
TPU setup 4 | Set TGR‘A value | 2l [3] Select the counter clock source
| Set counting operation | ] with bits TPSC2 to TPSCO in TCR.
Select the counter clear source
- | with bits CCLR1 and CCLRO.
| Select interrupt request | [4]
[ [4] Enable the TGIA interrupt in TIER.
| Ssetinitial outputdata | [5] The DTC or DMAC can also be set
\ up to transfer data to NDR.
| Enable pulse output | (6] [5] Set the initial output values in
Portand | p
PPG setup | Select output trigger | 71 PODR.
[ [6] Setthe DDR and NDER bits for the
Set next pulse (8] pins to be used for pulse output to 1.
output data

[7]1 Select the TPU compare match
| (9] event to be used as the output
trigger in PCR.

TPU setup | Start counter
\

N [8] Set the next pulse output values in
NDR.
Yes o
Set next pulse [9] Setthe CST bitin TSTRto 1to
output (f;a [10] start the TCNT counter.

\ [10] At each TGIA interrupt, set the next
output values in NDR.

Figure 12-4 Setup Procedurefor Normal Pulse Output (Example)
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Example of Normal Pulse Output (Example of Five-Phase Pulse Output): Figure 12-5 shows
an example in which pulse output is used for cyclic five-phase pulse outpuit.

TCNT value TCNT Compare match

H'0000

- Time

NDRH 8‘0><0‘0><40><6‘O><2‘0><30><1‘O><18><08><88><80><CO><4O
PODRH 00 80><CO><40><60><20><30><10

s [ L
SSVINN N N T N M A s e N A

Figure 12-5 Normal Pulse Output Example (Five-Phase Pulse Output)

[1] Set up the TPU channel to be used as the output trigger channel so that TGRA is an output
compare register and the counter will be cleared by compare match A. Set the trigger period in
TGRA and set the TGIEA bit in TIER to 1 to enable the compare match A (TGIA) interrupt.

[2] Write H'F8 in PIDDR and NDERH, and set the G3CMS1, G3CM S0, G2CM S1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

[3] Thetimer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

[4] Five-phase overlapping pulse output (one or two phases active at atime) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'88... at successive TGIA
interrupts. If the DTC or DMAC is set for activation by thisinterrupt, pulse output can be
obtained without imposing aload on the CPU.
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12.34  Non-Overlapping Pulse Output

Sample Setup Procedurefor Non-Overlapping Pulse Output: Figure 12-6 shows a sample
procedure for setting up non-overlapping pulse output.

Non-overlapping [1] Set TIOR to make TGRA and
< PPG output > TGRB an output compare registers
\ (with output disabled).
| Select TGR functions | [1]
‘ [2] Set the pulse output trigger period
| Set TGR values | 2] in TGRB and the non-overlap
TPU setup < ‘ margin in TGRA.
| Set counting operation | [3] [3] Select the counter clock source
‘ with bits TPSC2 to TPSCO in TCR.
| Select interrupt request | [4] Select the counter clear source
\ with bits CCLR1 and CCLRO.
| Set initial output data | [5]

| [4] Enable the TGIA interruptin TIER.
| (6] The DTC or DMAC can also be set
up to transfer data to NDR.

| Enable pulse output

\
PPG setup < | SeleCtOUtl‘JUttrigger |[7] (5] ﬁeotgllqe initial output values in

Set non-overlapping groups | [8
| ‘pp 9 grotip | g [6] Setthe DDR and NDER bits for the

pins to be used for pulse output to
El 1.

Set next pulse
output data
‘ [7] Select the TPU compare match
TPU setup | Start counter | [10] event to be used as the pulse
‘ output trigger in PCR.

No
Compare match?

Yes

[8] In PMR, select the groups that will
operate in non-overlap mode.

Set next pulse
output data [11] [9]

Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Figure12-6 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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Example of Non-Overlapping Pulse Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 12-7 shows an example in which pulse output is used for four-
phase complementary non-overlapping pulse output.

TCNT value
LECTR S I e S e S B D st

e Time

PODRH ‘00><95>.<65>.<59>.<56>.<95>.<65><:><

~—Non- overlap margin

G I S S

POI4 [ S R

S BN S Uy T S S Sy
ox [ T L]
SN N p IR S N N O
e [
CONN U S SN S U U U we AU O N B

Figure 12-7 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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[1] Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the trigger period in TGRB and the non-overlap margin in
TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bitin TIERto 1
to enable the TGIA interrupt.

[2] Write H'FF in PLDDR and NDERH, and set the G3CM S1, G3CM S0, G2CMS1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3NOV and G2NOV bhitsin PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

[3] Thetimer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from O to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

[4] Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95... at successive TGIA interrupts. If the DTC or DMAC is set for
activation by thisinterrupt, pulse output can be obtained without imposing aload on the CPU.
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12.35 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bitsin PMR are cleared to O, values that are the
inverse of the PODR contents can be output.

Figure 12-8 shows the outputs when G3INV and G2INV are cleared to O, in addition to the
settings of figure 12-7.

TCNT value

TGRB

TGRA
H'0000

NDRH

PODRL

PO15

PO14

PO13

PO12

PO11

PO10

PO9

PO8

| |
t t t - —w»Time

I I I I I I ! ! !

‘ | | ‘ | ‘ | ‘ | ‘ |

65 ><

1\ ‘ | | |
9:5 >< 65 >< 59 >< i >< = ><

|
Eintnsagl
e i
-
|
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Figure12-8 Inverted Pulse Output (Example)
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12.3.6  Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 12-9 shows the timing of this output.

TIOC pin

Input capture

signal

NDR N

PODR M X “n

PO M X N

Figure 12-9

Pulse Output Triggered by Input Capture (Example)
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12.4  Usage Notes

Operation of Pulse Output Pins: Pins PO8 to PO15 are also used for other peripheral functions
such asthe TPU. When output by another peripheral function is enabled, the corresponding pins
cannot be used for pulse output. Note, however, that data transfer from NDR bits to PODR bits
takes place, regardless of the usage of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

Note on Non-Overlapping Output: During non-overlapping operation, the transfer of NDR bit
values to PODR hits takes place as follows.

* NDR hits are dways transferred to PODR bits at compare match A.

» At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 12-10 illustrates the non-overlapping pulse output operation.

DDR NDER

Compare match A
Compare match B

C

Pulse Q PODR Dj= +—Q NDR D=——- Internal data bus
output
pin

Normal output/inverted output

Figure 12-10 Non-Overlapping Pulse Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before

compare match A. The NDR contents should not be altered during the interval from compare
match B to compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next datain

NDR, or by having the TGIA interrupt activate the DTC or DMAC. Note, however, that the next

data must be written before the next compare match B occurs.

Figure 12-11 shows the timing of this operation.

Compare match A ,_l ,_l

Compare match B ,_l ,_l

! | Write to NDR ! | Write to NDR

NDR | X ><

PODR ‘ X ><

0 output  0/1 output 0 output 0/1 output
Write to NDR —+—+fWrite to NDR
Do not write Nere Do notwrite  Nere
to NDR here to NDR here

Figure12-11 Non-Overlapping Operation and NDR Write Timing
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Section 13 8-Bit Timers (TMR)
(This function is not available in the H8S/2695)

13.1 Overview

The H85/2633 Series includes an 8-bit timer module with four channels (TMRO, TMR1, TMR2,
and TMR3). Each channel has an 8-bit counter (TCNT) and two time constant registers (TCORA
and TCORB) that are constantly compared with the TCNT value to detect compare match events.
The 8-bit timer module can thus be used for avariety of functions, including pulse output with an
arbitrary duty cycle.

13.1.1 Features

The features of the 8-bit timer module are listed below.

Selection of four clock sources

O The counters can be driven by one of three internal clock signals (2/8, 2/64, or 2/8192) or
an external clock input (enabling use as an external event counter)

Selection of three ways to clear the counters
0 The counters can be cleared on compare match A or B, or by an external reset signal

Timer output control by a combination of two compare match signals

0 Thetimer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary
duty cycle or PWM output

Provision for cascading of two channels

O Operation as a 16-bit timer is possible, using channel 0 (channel 2) for the upper 8 bits and
channel 1 (channel 3) for the lower 8 bits (16-bit count mode)

0 Channel 1 (channel 3) can be used to count channel 0 (channel 2) compare matches
(compare match count mode)

Three independent interrupts
0 Compare match A and B and overflow interrupts can be requested independently

A/D converter conversion start trigger can be generated
O Channel 0 compare match A signal can be used asan A/D converter conversion start trigger

Module stop mode can be set
O Astheinitial setting, 8-bit timer operation is halted. Register accessis enabled by exiting
modul e stop mode
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13.1.2

Block Diagram

Figure 13-1 shows a block diagram of the 8-bit timer module (TMRO, TMR1).

External clock source

Internal clock sources

TMCIO01 2/8
TMCI23 /64
/8192
vy 0
Clock 1
Clock select Clock 0
TCORAO TCORA1
Compare match Al, K) K)
Compare match AO| Comparator AO Comparator Al
TMOO ~—| Overflow 1 (W (W s
TMRIOL — ) Overflow 0 R =
TMRI23 —» Clearo f*
Clear 1 ]
Qo
Compare match B1 , =
Compare match BO | Comparator BO Ii' Comparator B1 | £
TMO1 ~ Control logic L (ﬁ (ﬁ g
| TCORBO TCORB1 |<
A/ID
conversion >| TCSRO Ii' TCSR1 |<
start request
signal
TCRO |:| TCR1 |<
— CMIAO
— CMIBO
— 0VI0
— CMIAl
——————CMIB1
———————————=o0vi
Interrupt signals
Figure13-1 Block Diagram of 8-Bit Timer
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13.1.3

Pin Configuration

Table 13-1 summarizes the input and output pins of the 8-bit timer.

Table13-1 Pin Configuration

Channel Name Symbol 1/0 Function

0 Timer output pin O TMOO Output Outputs at compare match
Timer clock input pin 01 TMCI01 Input Inputs external clock for counter
Timer reset input pin 01 TMRIO1 Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin 23 TMCI23 Input Inputs external clock for counter
Timer reset input pin 23 TMRI23 Input Inputs external reset to counter

2 Timer output pin 2 T™MO2 Output Outputs at compare match
Timer clock input pin 23 TMCI23 Input Inputs external clock for counter
Timer reset input pin 23 TMRI23 Input Inputs external reset to counter

3 Timer output pin 3 TMO3 Output Outputs at compare match
Timer clock input pin 01 TMCI01 Input Inputs external clock for counter
Timer reset input pin 01 TMRIO1 Input Inputs external reset to counter

RENESAS
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13.1.4 Register Configuration
Table 13-2 summarizes the registers of the 8-bit timer module.

Table13-2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial value ~ Address**
0 Timer control register O TCRO R/W H'00 H'FF68
Timer control/status register 0 TCSRO R/(W)** H'00 H'FF6A
Time constant register AO TCORAO R/IW H'FF H'FF6C
Time constant register BO TCORBO R/W H'FF H'FF6E
Timer counter 0 TCNTO R/W H'00 H'FF70
1 Timer control register 1 TCR1 R/W H'00 H'FF69
Timer control/status register 1 TCSR1 R/(W)** H'10 H'FF6B
Time constant register Al TCORAL R/W H'FF H'FF6D
Time constant register B1 TCORB1 R/W H'FF H'FF6F
Timer counter 1 TCNT1 R/W H'00 H'FF71
2 Timer control register 2 TCR2 R/W H'00 H'FDCO
Timer control/status register 2 TCSR2 R/(W)*? H'00 H'FDC2
Time constant register A2 TCORA2 R/W H'FF H'FDC4
Time constant register B2 TCORB2 R/W H'FF H'FDC6
Timer counter 2 TCNT2 R/W H'00 H'FDC8
3 Timer control register 3 TCR3 R/W H'00 H'FDC1
Timer control/status register 3 TCSR3 R/(W)** H'10 H'FDC3
Time constant register A3 TCORA3 R/W H'FF H'FDC5
Time constant register B3 TCORB3 R/W H'FF H'FDC7
Timer counter 3 TCNTS3 R/W H'00 H'FDC9
All Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address
*2 Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 (channel 2) and channel 1 (channel 3) is a 16-bit register with
the upper 8 bits for channel 0 (channel 2) and the lower 8 bits for channel 1 (channel 3), so they
can be accessed together by word transfer instruction.
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13.2  Register Descriptions

13.21 Timer Counters0to 3(TCNTOto TCNT3)

TCNTO (TCNT2) TCNT1 (TCNT3)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTO to TCNTS3 are 8-bit readabl e/writable up-counters that increment on pulses generated from
an internal or external clock source. This clock sourceis selected by clock select bits CKS2 to
CKS0 of TCR. The CPU can read or writeto TCNTO to TCNT3 at all times.

TCNTOand TCNT1 (TCNTZ2 and TCNT3) comprise asingle 16-bit register, so they can be
accessed together by word transfer instruction.

TCNTOand TCNT1 (TCNT2 and TCNT3) can be cleared by an external reset input or by a
compare match signal. Which signal isto be used for clearing is selected by clock clear bits
CCLR1 and CCLRO of TCR.

When atimer counter overflows from H'FF to H'00, OVF in TCSR is set to 1.
TCNTO and TCNT1 are each initialized to H'00 by areset and in hardware standby mode.
13.22 TimeConstant RegistersA0to A3 (TCORAOto TCORA3)

TCORAO (TCORA2) TCORAL (TCORA3)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/IW RIW RIW RIW RIW RIW R/IW

TCORAO to TCORA3 are 8-bit readable/writable registers. TCORAO and TCORA1 (TCORA2
and TCORA3) comprise asingle 16-bit register so they can be accessed together by word transfer
instruction.

TCORA iscontinually compared with the valuein TCNT. When a match is detected, the
corresponding CMFA flag of TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.
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The timer output can be freely controlled by these compare match signals and the settings of bits
OS1 and OS0 of TCSR.

TCORAO and TCORAL are each initialized to H'FF by areset and in hardware standby mode.

13.2.3 Time Constant Registers BOto B3 (TCORBO to TCORB3)

TCORBO (TCORB2) TCORB1 (TCORB3)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW RIW RIW RIW R/IW RIW RIW

TCORBO to TCORB3 are 8-hit readable/writable registers. TCORBO0 and TCORB1 (TCORB2
and TCORB3) comprise asingle 16-hit register so they can be accessed together by word transfer
instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag of TCSR isset. Note, however, that comparison is disabled during the
T2 state of a TCOR write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS3 and OS2 of TCSR.

TCORBO and TCORBL1 are each initialized to H'FF by areset and in hardware standby mode.

13.24 Timer Control Registers0to 3 (TCROto TCRS3)

Bit : 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKS1 | CKSO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCRO to TCRS3 are 8-hit readabl e/writable registers that select the input clock source and the time
at which TCNT is cleared, and enable interrupts.

TCRO and TCRL1 are each initialized to H'00 by areset and in hardware standby mode.

For details of thistiming, see section 13.3, Operation.
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Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
requests (CMIB) are enabled or disabled when the CMFB flag of TCSR isset to 1.

Bit 7

CMIEB Description

0 CMFB interrupt requests (CMIB) are disabled (Initial value)
1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
requests (CMIA) are enabled or disabled when the CMFA flag of TCSR isset to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OV F interrupt requests
(OVI) are enabled or disabled when the OVF flag of TCSR is set to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLROQ): These bits select the method by
which TCNT is cleared: by compare match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clear is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Clear by rising edge of external reset input
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Bits2to 0—Clock Select 2to 0 (CKS2 to CK S0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Three internal clocks can be selected, all divided from the system clock (2): @/8, @/64, and @/8192.
Thefalling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channdl 1.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of @/8
1 0 Internal clock, counted at falling edge of @/64
1 Internal clock, counted at falling edge of /8192
1 0 0 For channel 0: count at TCNT1 overflow signal*
For channel 1: count at TCNTO compare match A*
For channel 2: count at TCNT3 overflow signal*
For channel 3: count at TCNT2 compare match A*
1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 External clock, counted at both rising and falling edges

Note: * If the count input of channel 0 (channel 2) is the TCNT1 (TCNT3) overflow signal and that of
channel 1 (channel 3) is the TCNTO (TCNT2) compare match signal, no incrementing clock
is generated. Do not use this setting.
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13.25 Timer Control/Status Registers0to 3 (TCSROto TCSR3)

TCSRO

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0S2 0s1 0So

Initial value: 0 0 0 0 0 0 0 0

R/W : R/(W)*  R/(W)* R/(W)* R/W R/W R/W R/W R/W

TCSR1, TCSR3

Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF — 0S3 0S2 0Os1 0Sso
Initial value : 0 0 0 1 0 0 0 0
R/W : R/((W)*  R/I(W)* R/(W)* — R/W R/W R/W R/W
TCSR2
Bit : 7 6 5 4 3 2 1 0
CMFB CMFA OVF — 0S3 0S2 0s1 0Sso
Initial value : 0 0 0 0 0 0 0 0
R/W : R/(W)*  R/(W)* R/I(W)* R/W R/W R/W R/W R/W

Note: * Only O can be written to bits 7 to 5, to clear these flags.

TCSRO0 to TCSR3 are 8-hit registers that display compare match and timer overflow statuses, and
control compare match output.

TCSRO and TCSR2 are initialized to H'00, and TCSR1 and TCSR3 to H'10, by areset and in
hardware standby mode.
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Bit 7—Compare Match Flag B (CMFB): Status flag indicating whether the values of TCNT and
TCORB match.

Bit 7
CMFB Description
0 [Clearing conditions] (Initial value)

e Cleared by reading CMFB when CMFB = 1, then writing O to CMFB

*  When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is O
1 [Setting condition]

Set when TCNT matches TCORB

Bit 6—Compare Match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description
0 [Clearing conditions] (Initial value)

e Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA

*« When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is 0
1 [Setting condition]

Set when TCNT matches TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Cleared by reading OVF when OVF = 1, then writing O to OVF

1 [Setting condition]
Set when TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (TCSRO0 Only): Selects enabling or disabling of A/D
converter start requests by compare-match A.

TCSR1 to TCSR3 are reserved bits. When TCSR1 and TCSR3 are read, always 1 isread off.
Writeis disenabled. TCSR2 is readable/writable.

Bit 4

ADTE Description

0 A/D converter start requests by compare match A are disabled (Initial value)
1 A/D converter start requests by compare match A are enabled

Bits 3to 0—Output Select 3t0 0 (OS3to OS0): These bits specify how the timer output level is
to be changed by a compare match of TCOR and TCNT.

Bits OS3 and OS2 select the effect of compare match B on the output level, bits OS1 and OSO
select the effect of compare match A on the output level, and both of them can be controlled
independently.

Note, however, that priorities are set such that: toggle output > 1 output > 0 output. If compare
matches occur simultaneously, the output changes according to the compare match with the higher
priority.

Timer output is disabled when bits OS3to OSO are al 0.

After areset, the timer output is O until the first compare match event occurs.

Bit 3 Bit 2

0s3 0S2 Description

0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs

1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)

Bit 1 Bit O

0s1 0OS0 Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)
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13.2.6 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0
| MSTPA7 | MSTPAG | MSTPAS | MSTPA4 | MSTPAS | MSTPA2| MSTPA1| MSTPAO|

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW  RW  RW

MSTPCRA is an 8-hit readable/writable register that performs module stop mode control.

When the MSTPA4 and MSTPAQO bitsin MSTPCR is set to 1, the 8-hit timer operation stops at
the end of the bus cycle and atransition is made to module stop mode. For details, see section
24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 4—Module Stop (M STPA4): Specifiesthe TMRO and TMR1 module stop mode.

Bit 4

MSTPA4  Description

0 TMRO, TMR1 module stop mode cleared

1 TMRO, TMR1 module stop mode set (Initial value)

Bit 0—Module Stop (M STPAOQ): Specifiesthe TMR2 and TMR3 module stop mode.

Bit 0

MSTPAO Description

0 TMR2, TMR3 module stop mode cleared

1 TMR2, TMR3 module stop mode set (Initial value)
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13.3  Operation

13.3.1  TCNT Incrementation Timing

TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (2/8, @/64, or /8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0 in TCR. Figure 13-2 shows the
count timing.

: e e 1 s o I e

Internal clock —|

Clock input
to TCNT ()

X N+

((
TCNT = N
))

Figure13-2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: at therising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 13-3 shows the timing of incrementation at both edges of an external clock signal.
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External clock —|
input

Clock input

to TCNT § —
{5 £

TCNT N—1 X . N X /. N
)) ))

Figure13-3 Count Timing for External Clock Input

13.3.2 CompareMatch Timing

Setting of Compare Match FlagsA and B (CMFA, CMFB): The CMFA and CMFB flagsin
TCSR are set to 1 by a compare match signal generated when the TCOR and TCNT values match.
The compare match signal is generated at the last state in which the match istrue, just before the
timer counter is updated.

Therefore, when TCOR and TCNT match, the compare match signal is not generated until the
next incrementation clock input. Figure 13-4 shows thistiming.

o [ I

TCNT N X N+1

TCOR N
Compare match
signal

\

CMF |

Figure 13-4 Timing of CMF Setting
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Timer Output Timing: When compare match A or B occurs, the timer output changes a specified
by bits OS3to OS0 in TCSR. Depending on these bits, the output can remain the same, change to
0, changeto 1, or toggle.

Figure 13-5 shows the timing when the output is set to toggle at compare match A.

g e T Y 1 s O e O e
Compare match A ,—I ,—I
signal \

\

Timer output pin |

Figure13-5 Timingof Timer Output

Timing of Compare Match Clear: Thetimer counter is cleared when compare match A or B
occurs, depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 13-6 shows the
timing of this operation.

° S T
Compare match ,—l
signal

\

TCNT N X H'00

Figure13-6 Timing of Compare Match Clear
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13.3.3 Timingof External RESET on TCNT

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 13-7
shows the timing of this operation.

° S e

External reset
input pin |

Clear signal

TCNT N-1 X N X H00

Figure 13-7 Timing of External Reset

13.3.4  Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
13-8 shows the timing of this operation.

o 0 T O I L A O
TCNT HEF X H'00

Overflow signal

\

OVF

Figure13-8 Timing of OVF Setting
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13.35 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit timer
mode) or compare matches of the 8-hit timer channel 0 (channel 2) could be counted by the timer
of channel 1 (channel 3) (compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functions as
asingle 16-bit timer with channel 0 (channel 2) occupying the upper 8 bits and channel 1 (channel
3) occupying the lower 8 hits.

e Setting of compare match flags
0 TheCMF flagin TCSRO and TCSR2 is set to 1 when a 16-bit compare match event occurs

0 TheCMF flagin TCSR1 and TCSR3 is set to 1 when alower 8-bit compare match event
occurs

e Counter clear specification

O If the CCLR1 and CCLRO bhitsin TCRO (TCR2) have been set for counter clear at compare
match, the 16-bit counter (TCNTO and TCNT1 (TCNT2 and TCNT3) together) is cleared
when a 16-bit compare match event occurs. The 16-bit counter (TCNTO and TCNT1
(TCNT2 and TCNT?3) together) is cleared even if counter clear by the TMRIOL1 (TMRI23)
pin has also been set

0 The settings of the CCLR1 and CCLRO bitsin TCR1 and TCR3 are ignored. The lower 8
bits cannot be cleared independently

» Pinoutput
O Control of output from the TMOO (TMO2) pin by bits OS3 to OS0 in TCSRO (TCSR2) is
in accordance with the 16-bit compare match conditions
O Control of output from the TMOL (TMO3) pin by bits OS3to OS0 in TCSR1 (TCSR3) is
in accordance with the lower 8-bit compare match conditions

Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 (TCR3) are B'100, TCNT1
(TCNT3) counts compare match A’sfor channel 0 (channel 2).

Channels 0 to 3 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

Note on Usage: If the 16-bit counter mode and compare match counter mode are set
simultaneously, the input clock pulsesfor TCNTO and TCNT1 (TCNT2 and TCNT3) are not
generated and thus the counters will stop operating. Software should therefore avoid using both
these modes.
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134  Interrupts

13.4.1 Interrupt Sourcesand DTC Activation
(The H8S/2695 does not have a DTC function or an 8-bit timer)

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are

shownintable 13-3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. Itisalso possibleto activate the DTC by means of CMIA and CMIB interrupts.

Table13-3 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible A
oVIo Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovil Interrupt by OVF Not possible
2 CMIA2 Interrupt by CMFA Possible
CMIB2 Interrupt by CMFB Possible
oVI2 Interrupt by OVF Not possible
3 CMIA3 Interrupt by CMFA Possible
CMIB3 Interrupt by CMFB Possible  /
oVI3 Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

13.4.2 A/D Converter Activation

The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bitin TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-bit
timer conversion start trigger has been selected on the A/D converter side at thistime, A/D

conversion is started.
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135 Sample Application

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 13-9. The control bits are set as follows:

[1] In TCR, bit CCLR1 is cleared to 0 and bit CCLRO is set to 1 so that TCNT is cleared by
comparing and matching TCORA.

[2] In TCSR, hits OS3 to OS0 are set to B'0110, causing the output to changeto 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA with
a pulse width determined by TCORB. No software intervention is required.

Figure13-9 Example of Pulse Output
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13.6  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer.

13.6.1 Contention between TCNT Write and Clear

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 13-10 shows this operation.

TCNT write cycle by CPU
T1 T2

R
g B e e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure 13-10 Contention between TCNT Write and Clear
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13.6.2 Contention between TCNT Write and I ncrement

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write

takes priority and the counter is not incremented.

Figure 13-11 shows this operation.

Address

Internal write signal

TCNT input clock

TCNT

TCNT write cycle by CPU
T1 T2

T

I s N S

X

TCNT address

v M

Counter write data

Figure13-11 Contention between TCNT Write and Increment
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13.6.3 Contention between TCOR Write and Compare Match

During the T2 state of a TCOR write cycle, the TCOR write has priority and the compare match
signal is disabled even if a compare match event occurs.

Figure 13-12 shows this operation.

TCOR write cycle by CPU
T1 T2

T
. I s N S

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

Compare match signal : :\

Disabled

Figure 13-12 Contention between TCOR Writeand Compare Match

650
RENESAS




13.6.4 Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
intable 13-4.

Table13-4 Timer Output Priorities

Output Setting Priority
Toggle output High
1 output

0 output i
No change Low

13.6.5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 13-5 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK S0 bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, as shownincase 3in
table 13-5, aTCNT clock pulse is generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table 13-5 Switching of Internal Clock and TCNT Operation
Timing of Switchover

by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from Clock before !
low to low** switchover J I__, |

Clock after
switchover

TCNT clock

TCNT N X

N+1 X

CKS bit write

2 Switching from Clock before
low to high*? switchover J I_, |

Clock after
switchover

TCNT clock

TCNT N X N1 X

N2 X

CKS bit write

3 Switching from Clock before
high to low*?® switchover J I_,

Clock after
switchover

TCNT clock

TCNT N X~ X N+2 X

CKS bit write
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Timing of Switchover
by Means of CKS1
No. and CKSO0 Bits TCNT Clock Operation

4 Switching from high  Clock before _,—\—, | |
to high switchover

Clock after
switchover

TCNT clock

TCNT

CKS bit write

Notes: *1 Includes switching from low to stop, and from stop to low.
*2 Includes switching from stop to high.
*3 Includes switching from high to stop.

*4 Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

13.6.6 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to

clear the CPU interrupt source or DMAC and DTC activation source. Interrupts should therefore
be disabled before entering module stop mode.
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Section 14 14-Bit PWM D/A
(This function is not available in the H8S/2695)

141 Overview

The H85/2633 Series has an on-chip 14-bit pul se-width modulator (PWM) with four output
channels.

Each channel can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

Both channels share the same counter (DACNT) and control register (DACR).

1411 Features
The features of the 14-bit PWM D/A are listed below.
» The pulseissubdivided into multiple base cycles to reduce ripple.

» Two resolution settings and two base cycle settings are available

The resolution can be set equal to one or two system clock cycles. The base cycle can be set
equal to T x 64 or T x 256, where T isthe resolution.

e Four operating rates

The two resolution settings and two base cycle settings combine to give a selection of four
operating rates.
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14.1.2

Block Diagram

Figure 14-1 shows a block diagram of the PWM D/A module.

Internal clock

.

a/2

Clock

Clock selection

PWMO-—

PWM1 ]

Legend:
DACR:

DADRA:
DADRB:
DACNT:

Basic cycle

compare-match A

Fine-adjustment
pulse addition A

Basic cycle

compare-match B

Comparator
A

| —

DADRA

Fine-adjustment
pulse addition B

Control logic

Basic cycle overflow

Comparator
B

DADRB

<>
<>

i

-

DACNT

Internal data bus

PWM D/A control register ( 6 bits)
PWM D/A data register A (15 bits)
PWM D/A data register B (15 bits)
PWM D/A counter (14 bits)

DACR

Module data bus
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14.1.3 Pin Configuration
Table 14-1 lists the pins used by the PWM D/A module.

Table 14-1 Input and Output Pins

Name Abbr. I/0 Function

PWM output pin 0 PWMO Output PWM output, channel 0A
PWM output pin 1 PWM1 Output PWM output, channel 0B
PWM output pin 2 PWM2 Output PWM output, channel 1A
PWM output pin 3 PWM3 Output PWM output, channel 1B

1414 Register Configuration
Table 14-2 lists the registers of the PWM D/A module.

Table 14-2 Register Configuration

Channel Name Abbreviation R/W Initial value Address**
0 PWM D/A control register O DACRO R/W H'30 H'FDB8*?
PWM D/A data register AHO DADRAHO R/W H'FF H'FDB8**
PWM D/A data register ALO DADRALO R/W H'FF H'FDB9*2
PWM D/A data register BHO DADRBHO R/W H'FF H'FDBA*?
PWM D/A data register BLO DADRBLO R/W H'FF H'FDBB*?
PWM D/A counter HO DACNTHO R/W H'00 H'FDBA*?
PWM D/A counter LO DACNTLO R/W H'03 H'FDBB*?
1 PWM D/A control register 1 DACR1 R/W H'30 H'FDBC*?
PWM D/A data register AH1 DADRAH1 R/W H'FF H'FDBC*?
PWM D/A data register AL1 DADRAL1 R/W H'FF H'FDBD*?
PWM D/A data register BH1 DADRBH1 R/W H'FF H'FDBE*?
PWM D/A data register BL1 DADRBL1 R/W H'FF H'FDBF*?
PWM D/A counter H1 DACNTH1 R/W H'00 H'FDBE**
PWM D/A counter L1 DACNTL1 R/W H'03 H'FDBF*?
All Module stop control register B MSTPCRB R/W H'FF H'FDE9

Notes: *1 Lower 16 bits of the address.

*2 The same addresses are shared by DADRA and DACR, and by DADRB and DACNT.
Switching is performed by the REGS bit in DACNT or DADRB.
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14.2  Register Descriptions

1421 PWM D/A Counter (DACNT)

DACNTH DACNTL

Bit (CPU) - 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BIT (Counter) 7 6 5 4 3 2 1 0 8 9 0 11 12 13 — —

REGS
Initialvalue : o o o o 0o 0 o0 0 O 0 O 0 O 0 1 1
R/IW "RW RW RW RW RW RW RW RW RW RW RW RW RW RW — RMW

DACNT isa 14-hit readable/writable up-counter that increments on an input clock pulse. The
input clock is selected by the clock select bit (CKS) in DACR. The CPU can read and write the
DACNT value, but since DACNT is a 16-bit register, data transfers between it and the CPU are
performed using atemporary register (TEMP). See section 14.3, Bus Master Interface, for details.

DACNT functions as the time base for both PWM D/A channels. When a channel operates with
14-bit precision, it usesall DACNT bits. When a channel operates with 12-bit precision, it usesthe
lower 12 (counter) bits and ignores the upper two (counter) bits.

DACNT isinitialized to H'0003 by areset, in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode, and by the PWME bit.

Bit 1 of DACNTL (CPU) isnot used, and is alwaysread as 1.

DACNTL Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)
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1422 PWM D/A Data Registers A and B (DADRA and DADRB)

| DADRH | DADRL |

|< =|< =|
Bit (CPU) %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (Data) 13 12 11 100 9 8 7 6 5 4 3 2 1 0 — —
DADRA DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DA6 | DA5S | DA4 | DA3| DA2| DAL1| DAO|CFS| —
Initialvalge - ¢ 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W -RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW —
DADRB DA13|DA12|DA11|{DA10| DA9 | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DA1| DAO | CFS |[REGS
Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W "RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

There are two 16-bit readable/writable PWM D/A dataregisters: DADRA and DADRB. DADRA
corresponds to PWM D/A channel A, and DADRB to PWM D/A channel B. The CPU can read
and write the PWM D/A dataregister values, but since DADRA and DADRB are 16-hit registers,
data transfers between them and the CPU are performed using atemporary register (TEMP). See
section 14.3, Bus Master Interface, for details.

Theleast significant (CPU) bit of DADRA isnot used and is always read as 1.

DADRisinitialized to H'FFFF by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 15to 3—PWM D/A Data 13to 0 (DA13 to DAO): Thedigital value to be converted to an
analog value is set in the upper 14 bits of the PWM D/A data register.

In each base cycle, the DACNT value is continually compared with these upper 14 bitsto
determine the duty cycle of the output waveform, and to decide whether to output a fine-
adjustment pulse equal in width to the resolution. To enable this operation, the data register must
be set within arange that depends on the carrier frequency select bit (CFS). If the DADR value is
outside this range, the PWM output is held constant.

A channel can be operated with 12-bit precision by keeping the two lowest data bits (DAO and
DA1) cleared to 0 and writing the data to be converted in the upper 12 bits. The two lowest data
bits correspond to the two highest counter (DACNT) hits.
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Bit 1—Carrier Frequency Select (CFS)

Bit 1
CFS Description
0 Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1 Base cycle = resolution (T) x 256 (Initial value)

DADR range = H'0103 to H'FFFF

Bit 0—Reserved: Thisbit cannot be modified and is always read as 1.

DADRB Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

1423 PWM D/A Control Register (DACR)

Bit : 7 6 5 4 3 2 1 0
TEST | PWME — — OEB OEA 0s CKS

Initial value : 0 0 1 1 0 0 0 0

R/W . RIW R/W — — R/W R/W R/W R/W

DACR is an 8-hit readable/writable register that selects test mode, enables the PWM outputs, and
selects the output phase and operating speed.

DACRisinitialized to H'30 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bit 7—Test Mode (TEST): Selects test mode, which is used in testing the chip. Normally this bit
should be cleared to O.

Bit 7

TEST Description

0 PWM (D/A) in user state: normal operation (Initial value)
1 PWM (D/A) in test state: correct conversion results unobtainable

Bit 6—PWM Enable (PWME): Starts or stops the PWM D/A counter (DACNT).

Bit 6

WDescription

0 DACNT operates as a 14-bit up-counter (Initial value)
1 DACNT halts at H'0003

Bits 5 and 4—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 3—Output Enable B (OEB): Enables or disables output on PWM D/A channel B.

Bit 3

OEB Description

0 PWM (D/A) channel B output (at the PWM1/PWMS pin) is disabled (Initial value)
1 PWM (D/A) channel B output (at the PWM1/PWM3 pin) is enabled

Bit 2—Output Enable A (OEA): Enables or disables output on PWM D/A channel A.

Bit 2

OEA Description

0 PWM (D/A) channel A output (at the PWMO/PWM2 pin) is disabled (Initial value)
1 PWM (D/A) channel A output (at the PWMO/PWM2 pin) is enabled

Bit 1—Output Select (OS): Selects the phase of the PWM D/A outpui.

Bit 1

(O] Description

0 Direct PWM output (Initial value)
1 Inverted PWM output
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Bit 0—Clock Select (CKYS): Selectsthe PWM D/A resolution. If the system clock (@) frequency
is10 MHz, resolutions of 100 ns and 200 ns can be selected.

Bit 0

CKS Description

0 Operates at resolution (T) = system clock cycle time (t.,.) (Initial value)

1 Operates at resolution (T) = system clock cycle time (t,,.) x 2

14.2.4  Module Stop Control Register B (M STPCRB)

Bit : 7 6 5 4 3 2 1 0
MSTPB7| MSTPB6| MSTPB5| MSTPB4|MSTPB3|MSTPB2|MSTPB1|MSTPBO

Initial value : 1 1 1 1 1 1 1 1

R/W . RIW R/W R/W R/W R/W R/W R/W R/W

MSTPCRB is an 8-bit readable/writable register, and is used to perform module stop mode
control.

When the MSTPB2 is set to 1, at the end of the bus cycle 14-bit PWM timer O operation is halted
and a transition made to module stop mode. When the MSTPB1 is set to 1, at the end of the bus
cycle PWM timer 1 operation is halted and a transition made to module stop mode. See section
24.5, Module Stop Mode, for details.

MSTPCRB isinitialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized in manual reset or software standby mode.

Bit 2—Module Stop (M STPB2): Specifies PWMO module stop mode.

Bit 2
MSTPB2 Description

0 PWMO0 module stop mode is cleared

1 PWMO module stop mode is set (Initial value)

Bit 1—Module Stop (M STPB1): Specifies PWM1 module stop mode.

Bit 1
MSTPB1 Description

0 PWM1 module stop mode is cleared
1 PWM1 module stop mode is set (Initial value)
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14.3 BusMaster Interface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and the
on-chip supporting modules, however, isonly 8 bits wide. When the bus master accesses these

registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written and read as follows (taking the example of the CPU interface).

*  Write

When the upper byte iswritten, the upper-byte write dataiis stored in TEMP. Next, when the
lower byte iswritten, the lower-byte write data and TEMP value are combined, and the

combined 16-bit value is written in the register.

* Read

When the upper byte isread, the upper-byte valueis transferred to the CPU and the lower-byte
valueistransferred to TEMP. Next, when the lower byte isread, the lower-byte value in

TEMP istransferred to the CPU.

These registers should always be accessed 16 bits at atime (by word access or two consecutive
byte accesses), and the upper byte should always be accessed before the lower byte. Correct data

will not be transferred if only the upper byte or only the lower byte is accessed.

Figure 14-2 shows the data flow for accessto DACNT. The other registers are accessed similarly.

Example 1: Writeto DACNT

MOV. WRO, @ACNT ; Write RO contentsto DACNT
Example 2: Read DADRA

MOV. W @ADRA, RO ; Copy contents of DADRA to RO

Table 14-3 Read and Write Access Methodsfor 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Notes: Yes: Permitted type of access. Word access includes successive byte accesses to the

upper byte (first) and lower byte (second).
x:  This type of access may give incorrect results.
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Upper-Byte Write

- -
CPU interface
(H'AA)
Upper byte

Module data bus

TEMP
(H'AA)

U7 U

DACNTH | DACNTL
¢ ) ()

Lower-Byte Write

- -
CPU interface
(H'57)
Lower byte

Module data bus

DACNTH | DACNTL
(H'AA) (H'57)

Figure14-2 (a) Accessto DACNT (CPU WritesH'AA57 to DACNT)
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Upper-Byte Read

cPU “ _Bus
interface

Module data bus

(H'AA)
Upper byte
TEMP
(H'57)
NS
DACNTH DACNTL
(H'AA) (H'57)

Lower-Byte Read

CPU I crioce
(H'57)
Lower byte

Module data bus

TEMP
(H'57)

U171

DACNTH | DACNTL
¢ ) C )

Figure14-2 (b) Accessto DACNT (CPU ReadsH'AA57 from DACNT)

665
RENESAS




144  Operation

A PWM waveform like the one shown in figure 14-3 is output from the PWMX pin. When OS =
0, the value in DADR correspondsto the total width (T, ) of the low (0) pulses output in one
conversion cycle (256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 1, the output
waveform isinverted and the DADR value corresponds to the total width (T, of the high (1)
output pulses. Figure 14-4 shows the types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

ol

L

tf ‘
Basic cycle
(T x 64 or T x 256)

LT L

T: Resolution
m
T =3 t , (when OS =0)
n=1
(When CFS =0, m = 256; when CFS = 1, m = 64)

"
t

Figure 14-3 PWM D/A Operation

Table 14-4 summarizes the relationships of the CKS, CFS, and OS it settings to the resolution,
base cycle, and conversion cycle. The PWM output remains flat unless DADR contains at least a
certain minimum value. Table 14-4 indicates the range of DADR settings that give an output
waveform like the one in figure 14-3, and lists the conversion cycle length when low-order DADR
bits are kept cleared to 0, reducing the conversion precision to 12 bits or 10 bits.
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Table14-4 Settings and Oper ation (Exampleswhen g= 10 MHz)

Fixed DADR Bits

Bit Data
Resolution Base Conversion T, (if OS = 0) Precision Conversion
CKS T (us) CFS Cycle (us) Cycle (us) T, (ifOS=1) (Bits) 3 2 1 0 Cycle* (us)
0 01 0 6.4 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0001 to
H'03FD)
2. (Datavalue) xT 12 0 0 409.6
(DADR = H'0401 to
H'FFFD)
10 0 0 0 0 1024
1 25.6 1638.4 1. Always low (or high) 14 1638.4
(DADR = H'0003 to
H'00FF)
2. (Datavalue) xT 12 0 0 409.6
(DADR = H'0103 to
H'FFFF)
10 0 0 0 0 1024
1 02 0 12.8 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0001 to
H'03FD)
2. (Datavalue) xT 12 0 0 819.2
(DADR = H'0401 to
H'FFFD)
10 0 0 0 0 2048
1 51.2 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0003 to
H'00FF)
2. (Datavalue) x T 12 0 0 819.2
(DADR = H'0103 to
H'FFFF)
10 0 00 0 2048

Note: * This column indicates the conversion cycle when specific DADR bits are fixed.
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1. OS=0 (DADR correspondsto T,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tyy tro : tr255 t256

R e
to

‘ tLl

tg =t =tz =" =tpss = tsg = T x 64
tig+tto+ttz+ - +toss+tiogs =T,

Figure14-4 (1) Output Waveform

b. CFS=1[base cycle =resolution (T) x 256]

1 conversion cycle

tf1 t2 tt63 Y64

(-
to

‘ tLl

t1 =t =tz =" =tz =tes =T x 256
tptto+ttz+ - +le3ttiga=TL

Figure 14-4 (2) Output Waveform
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2. OS=1(DADR correspondsto T},)

a. CFS=0[base cycle=resolution (T) x 64]

1 conversion cycle

tf1 i tros5 Y256

1 e R e e
tHa tHose

tho

t =t =tz =" =tpss = tpse = T X 64
tHy + o Hthz + - -+ tyoss + those = Th

Figure 14-4 (3) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tyy tro ti63 t64

th =t =t =" =tez3=tes =T x 256
thy Tt H ity o T thes T thes = T

Figure 14-4 (4) Output Waveform
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Section 15 Watchdog Timer
(WDT1 is not available in the H8S/2695)

15.1 Overview

The H85/2633 Series has a two channel inbuilt watchdog timer, (WDTO/WDT1). The WDT
outputs an overflow signal (WDTOVF) if a system crash prevents the CPU from writing to the
timer counter, allowing it to overflow. At the same time, the WDT can also generate an internal
reset signal for the H8S/2633 Series.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

1511 Features
WDT features are listed below.
» Switchable between watchdog timer mode and interval timer mode

*  WDTOVF output when in watchdog timer mode

If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether the LS|
isinternally reset or an NMI interrupt is generated at the same time.

Thisinternal reset is effected by either a power-on reset or a manual reset.

* Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.

 WDTOand WDT?1 respectively allow eight and sixteen types of counter input clock to be
selected

The maximum interval of the WDT is given as a system clock cycle x 131072 x 256.
A subclock may be selected for the input counter of WDT1*.
Where a subclock is selected, the maximum interval is given as a subclock cycle x 256 x 256.

* Selected clock can be output from the BUZZ* output pin (WDT21)*

Note: * Thisfunction is not available in the H8S/2695.
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15.1.2  Block Diagram

Figure 15-1 (a) and 15-1 (b) show ablock diagram of the WDT.

Overflow

|RSTCSR |<JT TCNT |<»| TSCR |

50 0=

-« o2 :

WOVI 0 Interrupt |~ e /64 1

(interrupt request control = [ 2/128
signal) | Clock |«—@/512 |

| Clock | select |« p204s !

3 - 2/8192 !

o+ [ e -

| |

Internal reset signal* =——{ control Internal clock :
Y sources :

Module bus interface >

Legend

TCSR : Timer control/status register
TCNT  : Timer counter

RSTCSR: Reset control/status register

Note: * The type of internal reset signal depends on a register setting.
There are two alternative types of reset, namely power-on reset and manual reset.

Internal bus

Figure15-1 (a) Block Diagram of WDTO
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: T 92 . BSUB/2
WOVI1 - 3 9/64 - 6SUB/4
(Interrupt request signal) | | Interrupt y— o128 L gSUB/8
[ control Clock |=~—@/512 |
Internal NMI _ <7| ; Overflow Clock select |«—@/2048 ‘ g:ﬂ:gg
Interrupt request signal ! ;
| Reset < 9/8192 2SUB/64
| control /32768 !
| -gSUB/128
Internal reset signal* «——| 3—0/131072 - gSUB/256
! ; Internal clock !
BUZZ —~— }
| N
| | o]
| | TONT |+ TCSR | =
| g
: O O Coe
! Bus LoE
3 Module bus interface 3
L WDT !
Legend:

TCSR: Timer control/status register
TCNT : Timer counter

Note: * An internal reset signal can be generated by setting the register.
The reset thus generated is a power-on reset.
This function is not available in the H8S/2695.

Figure15-1 (b) Block Diagram of WDT1

RENESAS

673




15.1.3 Pin Configuration
Table 15-1 describesthe WDT output pin.

Table15-1 WDT Pin

Name Symbol 1/0 Function

Watchdog timer overflow WDTOVF Output Outputs counter overflow signal in watchdog
timer mode

Buzzer output BUZZ* Output  Outputs clock selected by watchdog timer
(WDT1)

Note: * This function is not available in the H8S/2695.

15.1.4 Register Configuration

Table 15-2 summarizesthe WDT register configuration. These registers control clock selection,

WDT mode switching, and the reset signal.

Table15-2 WDT Registers

Address*’
Channel Name Abbreviation R/W Initial Value Write*> Read
0 Timer control/status register 0 TCSRO R/(W)*® H'18 H'FF74 HFF74
Timer counter O TCNTO R/W H'00 H'FF74 H'FF75
Reset control/status register RSTCSR R/I(W)*® H'1F H'FF76 HFF77
1 Timer control/status register 1 TCSR1 R/(W)*® H'00 H'FFA2 HFFA2
Timer counter 1 TCNT1 R/W H'00 H'FFA2 H'FFA3
All Pin function control register ~ PFCR R/W H'OD/H'00 H'FDEB

Notes: *1 Lower 16 bits of the address.

*2 For details of write operations, see section 15.2.5, Notes on Register Access.

*3 Only a write of 0 is permitted to bit 7, to clear the flag.
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15.2  Register Descriptions

1521 Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCNT isan 8-bit readable/writable* up-counter.

When the TME bitisset to 1in TCSR, TCNT starts counting pul ses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), either the watchdog timer overflow signal (WDTOVF) or an interval timer
interrupt (WOV1) is generated, depending on the mode selected by the WT/IT bit in TCSR.

TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. It isnot initialized in software standby mode.

Note: * TCNT iswrite-protected by a password to prevent accidental overwriting. For details see
section 15.2.5, Notes on Register Access.

15.22 Timer Control/Status Register (TCSR)

TCSRO
Bit .7 6 5 4 3 2 1 0
‘ OVF ‘ WT/W‘ T™E \ — ] — ] CKS2 \ CKS1 \ CKS0 \
Initial value : 0 0 0 1 1 0 0 0
RIW . R(W)* RW  RMW — — RW  RW RIW

Note: * Only a 0 can be written, for flag clearing.

TCSR1*!
Bit : 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/W‘ T™E ‘ PSS ’RST/NMI’ CKS2 \ CKS1 \ CKSO0 \
Initial value : 0 0 0 0 0 0 0 0
RIW . RIW)*?  RMW  RW RW  RW RW  RW RIW

Notes: *1 In the case of the H8S/2695, only 0 should be written to the TCSR1 register.
*2 Only a 0 can be written, for flag clearing.
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TCSR is an 8-bit readable/writable* register. Its functions include selecting the clock sourceto be
input to TCNT, and the timer mode.

TCSRO (TCSR1) isinitialized to H'18 (H'00) by areset and in hardware standby mode. It is not
initialized in software standby mode.

Note: * TCSR iswrite-protected by a password to prevent accidental overwriting. For details see
section 15.2.5, Notes on Register Access.

Bit 7—Overflow Flag (OVF): Indicatesthat TCNT has overflowed from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing conditions] (Initial value)

» Cleared when 0 is written to the TME bit (Only applies to WDT1)
« Cleared by reading TCSR when OVF = 1, then writing 0 to OVF
1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

Ininterval timer mode, to clear OVF flag in WOV handling routine, reead TCSR when OVF = 1,
then write with 0 to OVF, as stated above.

When WOV is masked and OVF flag is poling, if contention between OV F flag set and TCSR
read is occurred, OVF = 1 isread but OVF can not be cleared by writing with 0 to OVF.

In this case, reading TCSR when OVF = 1 two times meet the requirements of OV F clear
condition. Please read TCSR when OVF = 1 two times before writing with 0 to OVF.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as awatchdog timer or
interval timer. When TCNT overflows, WDTO generates the WDTOVF signal when in watchdog
timer mode, or aWOV | interrupt regquest to the CPU when ininterval timer mode. WDT1*
generates areset or NMI interrupt request when in watchdog timer mode, or aWQOV | interrupt
reguest to the CPU when in interval timer mode.

Note: * Thisfunction is not available in the H8S/2695.

WDTO M ode Select
WDTO
WT/T Description
0 Interval timer mode: WDTO requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: WDTO outputs a WDTOVF signal when the TCNT overflows.*

Note: * For details on a TCNT overflow in watchdog timer mode, see section 15.2.3, Reset
Control/Status Register (RSTCSR).
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WDT1* Mode Select

WDT1
WT/IT Description
0 Interval timer mode: WDT1 requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: WDT1 requests a reset or an NMI interrupt from

the CPU when the TCNT overflows.

Note: * In the case of the H8S/2695, only 0 should be written to the WT/IT bit in the TCSR1
register.

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

WDTO TCSR Bit 4—Reserved Bit: Thishit isalways read as 1 and cannot be modified.

Note: Inthe case of the H8S/2695, only 0 should be written to the TME bit in the TCSR1
register.

WDT1TCSR Bit 4—Prescaler Select (PSS): Thisbit is used to select an input clock source for
the TCNT of WDTL.

See the descriptions of Clock Select 2 to O for details.

WDT1 TCSR
Bit 4
PSS Description
0 The TCNT counts frequency-division clock pulses of the g based
prescaler (PSM). (Initial value)
1 The TCNT counts frequency-division clock pulses of the g SUB-based prescaler
(PSS).

Note: Inthe case of the H8S/2695, only O should be written to the PSS bit in the TCSR1 register.
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WDTO TCSR Bit 3—Reserved Bit: Thishit isalways read as 1 and cannot be modified.

WDT1TCSR Bit 3—Reset or NM| (RST/NMI): Thisbit is used to choose between an internal
reset request and an NM1 request when the TCNT overflows during the watchdog timer mode.

Bit 3

RTS/TDescription

0 NMI request. (Initial value)
1 Internal reset request.

Bits2to 0: Clock Select 2to 0 (CKS2 to CKS0): These hits select one of eight internal clock
sources, obtained by dividing the system clock (@) or subclock (g SUB), for input to TCNT.

Note: Inthe case of the H852695, only 0 should be written to the RST/NMI bit in the TCSR1
register.

WDTO Input Clock Select

Description
Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Clock Overflow Period* (where g = 25 MHz)
0 0 0 @/2 (Initial value)  20.4 ps
1 /64 655.3 us
1 0 /128 1.3 ms
1 2/512 5.2ms
1 0 0 /2048 20.9 ms
1 /8192 83.8 ms
1 0 2132768 335.5ms
1 /131072 1.34s

Note: * An overflow period is the time interval between the start of counting up from H'00 on the
TCNT and the occurrence of a TCNT overflow.
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WDT1*! Input Clock Select

Description
Bit4 Bit2 Bitl BitO Overflow Period** (where g = 25 MHz)
PSS CKS2 CKS1 CKSO Clock (where g SUB = 32.768 kHz)
0 0 0 0 @/2 (Initial value)  20.4 ps
1 2/64 655.3 ps
1 0 /128 1.3 ms
1 2/512 5.2ms
1 0 0 2/2048 20.9 ms
1 /8192 83.8 ms
1 0 2/32768 335.5ms
1 /131072 1.34s
1 0 0 0 2SUB/2 15.6 ms
1 gSUB/4 31.3ms
1 0 2SUB/8 62.5ms
1 2SUB/16 125 ms
1 0 0 gSUB/32 250 ms
1 2SUB/64 500 ms
1 0 2SUB/128 1s
1 gSUB/256 2s

Notes: *1 WDT1 is not available in the H8S/2695.

*2 An overflow period is the time interval between the start of counting up from H'00 on the
TCNT and the occurrence of a TCNT overflow.
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15.2.3 Reset Control/Status Register (RSTCSR)

Bit .7 6 5 4 3 2 1 0
\ WOVF \ RSTE ‘ RSTS ‘ — \ — \ — ] — ] — \

Initial value : 0 0 0 1 1 1 1 1

RIW . RI(W)* RW  RW — — — — —

Note: * Only O can be written, for flag clearing.
RSTCSR is an 8-bit readable/writable* register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR isinitialized to H'1F by areset signal from the RES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * RSTCSR iswrite-protected by a password to prevent accidental overwriting. For details
see section 15.2.5, Notes on Register Access.

Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. This bit is not set in interval timer mode.

Bit 7
WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF
1 [Setting condition]

Set when TCNT overflows (changed from H'FF to H'00) during watchdog timer
operation

Bit 6—Reset Enable (RSTE): Specifies whether or not areset signal is generated in the
H8S/2633 Seriesif TCNT overflows during watchdog timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows* (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the H8S/2633 Series are not reset, but TCNT and TCSR within the
WDT are reset.
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Bit 5—Reset Select (RSTS): Selects the type of internal reset generated if TCNT overflows
during watchdog timer operation.

For details of the types of reset, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—Reserved: These bits are awaysread as 1 and cannot be modified.

15.24  Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
CSS07 | CSS36 | BUZZE* | LCASS | AE3 AE2 AE1 AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: * This function is not available in the H8S/2695.
PFCR is an 8-bit readable/writable register that performs address output control in external

expanded mode.

Only bit 5 isdescribed here. For details of the other bits, see section 7.2.6, Pin Function Control
Register (PFCR).

Bit 5—BUZZ Output Enable (BUZZE): Enables or disables BUZZ output from the PF1 pin.
The WDTL1 input clock selected with bits PSS and CKS2 to CK S0 is output as the BUZZ signal.

Bit 5
BUZZE Description

0 Functions as PF1 1/O pin (Initial value)

1 Functions as BUZZ output pin

Note: Inthe case of the H8S/2695, only 0 should be written to the BUZZ bit.
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15.25 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writingto TCNT and TCSR: These registers must be written to by aword transfer instruction.
They cannot be written to with byteinstructions.

Figure 15-2 shows the format of datawrittento TCNT and TCSR. TCNT and TCSR both have the
same write address. For awriteto TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awrite to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFF74 H'SA Write data
TCSR write
15 8 7 0
Address: HFF74 H'AS Write data |

Figure15-2 Format of Data Written to TCNT and TCSR (WDTO)
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Writing to RSTCSR: RSTCSR must be written to by word transfer instruction to address
H'FF76. It cannot be written to with byte instructions.

Figure 15-3 shows the format of data written to RSTCSR. The method of writing O to the WOVF
bit differs from that for writing to the RSTE and RSTS bits.

To write 0 to the WOVF bit, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF bit to 0, but has no effect on the RSTE and RSTS bits. To write
to the RSTE and RSTS bits, the upper byte must contain H'5A and the lower byte must contain the
write data. Thiswritesthe valuesin bits 6 and 5 of the lower byte into the RSTE and RSTS hits,
but has no effect on the WOV F hit.

Writing 0 to WOVF bit

15 8 7 0
Address: HFF76 HAS H'00
Writing to RSTE and RSTS bits
15 8 7 0
Address: HFF76 | H'5A | Write data

Figure 15-3 Format of Data Written to RSTCSR (WDTOQ)

Reading TCNT, TCSR, and RSTCSR (WDTO0): These registers are read in the same way as
other registers. The read addresses are H'FF74 for TCSR, H'FF75 for TCNT, and H'FF77 for
RSTCSR.
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153 Operation

1531 Watchdog Timer Operation

To use the WDT as awatchdog timer, set the WT/IT bit in TCSR and TME bit to 1. Software
must prevent TCNT overflows by rewriting the TCNT value (normally be writing H'00) before
overflows occurs. This ensuresthat TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system crash or other error, in
the WDTO the WDTOVF signal is output. Thisis shown in figure 15-4 (a). This WDTOVF signal
can be used to reset the system. The WDTOVF signal is output for 132 stateswhen RSTE = 1, and
for 130 states when RSTE = 0.

If TCNT overflowswhen 1 is set inthe RSTE bit in RSTCSR, a signal that resets the H85/2633
Seriesinternaly is generated at the same time asthe WDTOVF signal. This reset can be selected
as apower-on reset or amanual reset, depending on the setting of the RSTS bit in RSTCSR. The
internal reset signal is output for 518 states.

If areset caused by asignal input to the RES pin occurs at the same time as areset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to 0.

In the case of WDT1, the chipisreset, or an NMI interrupt request is generated, for 516 system
clock periods (516g) (515 or 516 states when the clock sourceis @SUB (PSS = 1)). Thisis
illustrated in figure 15-4 (b).

An NMI request from the watchdog timer and an interrupt request from the NMI pin are both
treated as having the same vector. So, avoid handling an NMI request from the watchdog timer
and an interrupt request from the NMI pin at the same time.
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TCNT count

Overflow

of internal reset

H'00 ] T Time
} N R
WT/AT=1  H'00 written WOVF=1 | WT/IT=1 H'00 written
TME=1 to TCNT WDTOVF and ; TME=1  to TCNT
internal reset are |
generated Vo 3
WDTOVF signal 3
i
132 states*2!
Internal reset signal*!
|
518 states
Legend
WT/IT: Timer mode select bit
TME : Timer enable bit
Notes: *1 The internal reset signal is generated only if the RSTE bit is set to 1.
*2 130 states when the RSTE bit is cleared to 0.
Figure15-4 (a) WDTO Watchdog Timer Operation
TCNT value
Overflow
o e AN
A
e
A
/ '
H'00 ’ ! » Time
WT/iT=1 Write H'00 WOVF=1* | WT/IT=1 Write H'00
TME=1 to TCNT , TME=1 to TCNT
Occurrence 1

Internal
reset signal

515/516 states

Legend

WT/IT : Timer Mode Select bit
TME : Timer Enable bit

Note: * The WOVF bit is set to 1 and then cleared to 0 by an internal reset.

Figure15-4 (b) WDT1 Operation in Watchdog Timer M ode
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15.3.2 Interval Timer Operation

To usethe WDT asan interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
An interval timer interrupt (WOV1) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 15-5. This function can be used to
generate interrupt requests at regular intervals.

TCNT count

A
HEE Overflow Overflow Overflow Overflow

» Time

o ' ' ' '

WT/T=0 WOV WOV WOVI WOVI
TME=1

Legend
WOVI: Interval timer interrupt request generation

Figure15-5 Interval Timer Operation

15.3.3 Timing of Setting Overflow Flag (OVF)

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the sametime, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 15-6.

With WDT1*, the OVF bit of the TCSR is set to 1 and a simultaneous NMI interrupt is requested
when the TCNT overflowsif the NMI request has been chosen in the watchdog timer mode.

Note: * WDT]1 is not available in the H8S/2695.
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TCNT S& HFF >< H'00

Overflow signal
(internal signal)

/_

OVF

((
))

Figure15-6 Timing of Setting of OVF

15.3.4  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

Inthe WDTO, the WOVF flagissetto 1if TCNT overflows during watchdog timer operation. At
the same time, the WDTOVF signal goeslow. If TCNT overflows while the RSTE bit in RSTCSR
isset to 1, aninternal reset signal is generated for the entire H8S/2633 Series chip. Figure 15-7
shows the timing in this case.

,a TLI L LT L LT L L

TCNT % H'FF >< H'00 % !
Overflow signal :
(internal signal) (( ()S i
WOVF | %

((
))

WDTOVF signal S—,—'<7 132 states 48:,7

(
Internal reset )
signal |<— 518 states (WDTQ) ———————————®

((
)) 515/516 states (WDT1)

I~

—

\_,

Figure 15-7 Timing of Setting of WOVF
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154  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flagisset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

If an NMI request has been chosen in the watchdog timer mode, an NMI request is generated
when a TCNT overflow occurs.

155  Usage Notes

155.1 Contention between Timer Counter (TCNT) Writeand I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 15-8 shows this operation.

TCNT write cycle

Address ><

Internal write signal

TCNT input clock

TCNT N ><

Counter write data

Figure 15-8 Contention between TCNT Write and Increment
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155.2 Changing Value of PSSand CKS2to CKS0

If bits PSS and CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could
occur in the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0)
before changing the value of bits PSS and CKS2 to CKS0.

155.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

1554  System Reset by WDTOVF Signal

If the WDTOVF output signal isinput to the RES pin of the H8S/2633 Series, the H8S/2633
Serieswill not be initialized correctly. Make sure that the WDTOVF signal is not input logically
to the RES pin. To reset the entire system by means of the WDTOVF signal, use the circuit shown
in figure 15-9.

H8S/2633 Series

Reset input g RES

Reset signal to entire system <—O@;c WOTOVF

Figure15-9 Circuit for System Reset by WDTOVF Signal (Example)

1555 Internal Reset in Watchdog Timer Mode

The H85/2633 Seriesis not reset internally if TCNT overflows while the RSTE hit is cleared to O
during watchdog timer operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCSR cannot be written to while the WDTOVF signal islow. Also note
that aread of the WOV F flag is not recognized during this period. To clear the WOVF falg,
therefore, read RSTCSR after the WDTOVF signal goes high, then write 0 to the WOVF flag.
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155.6 OVF Flag Clearingin Interval Timer Mode

When the OVF Flag setting conflicts with the OVF flag reading in interval timer mode, writing O
to the OVF bit may not clear the flag even though the OVF bit has been read whileit is 1. If there
isapossibility that the OVF flag setting and reading will conflict, such aswhen the OVF flag is
polled with the interval timer interrupt disabled, read the OVF bit whileit is 1 at least twice before
writing 0 to the OV F hit to clear the flag.
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Section 16 Serial Communication Interface (SCI, IrDA)
(The H8S/2695 is not equipped with an IrDA function)

16.1 Overview

The H85/2633 is equipped with 5 independent serial communication interface (SCI) channels. The
SCI can handle both asynchronous and clocked synchronous serial communication. A function is
also provided for serial communication between processors (multiprocessor communication
function).

One of the five SCI channelsis capable of sending and receiving IrDA communications
waveforms (based on IrDA Version 1.0).

16.1.1 Features
SCI festures are listed below.
» Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

0 Seria data communication executed using asynchronous system in which synchronization
is achieved character by character
Serial data communication can be carried out with standard asynchronous communication
chips such asa Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

O A multiprocessor communication function is provided that enables serial data
communication with a number of processors

O Choice of 12 serial datatransfer formats

Data length . 7or8bits
Stop bit length : 1or 2hbits
Parity . Even, odd, or none
Multiprocessor bit : 1lor0
O Receive error detection : Parity, overrun, and framing errors
O Break detection . Break can be detected by reading the RxD pin level directly in

case of aframing error

Clocked Synchronous mode
0 Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function
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O Oneserid datatransfer format
Data length . 8bhits
O Receive error detection : Overrun errors detected

Full-duplex communication capability

O The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

Choice of LSB-first or MSB-first transfer

0 Can be selected regardless of the communication mode* (except in the case of
asynchronous mode 7-bit data)

Note: * Descriptions in this section refer to LSB-first transfer.
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On-chip baud rate generator allows any bit rate to be selected

Choice of seria clock source: internal clock from baud rate generator or external clock from
SCK pin

Four interrupt sources

O Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

O The transmit-data-empty interrupt and receive data full interrupts can activate the DMA
controller (DMAC) or data transfer controller (DTC) to execute data transfer

M odule stop mode can be set

O Astheinitia setting, SCI operation is halted. Register access is enabled by exiting module
stop mode
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16.1.2 Block Diagram

Figure 16-1 shows a block diagram of the SCI.
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xternal cloc
SCK =
L——» TEI
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Legend > ERI
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
SCMR : Smart card mode register
BRR : Bit rate register
Figure16-1 Block Diagram of SCI
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16.1.3  Pin Configuration
Table 16-1 shows the seria pinsfor each SCI channel.

Table16-1 SCI Pins

Channel  Pin Name Symbol* 1/0 Function
0 Serial clock pin 0 SCKO 1/0 SCIO0 clock input/output

Receive datapin0  RxDO/IrRxD Input SCIO receive data input (normal/lrDA)

Transmitdata pin 0  TxDO/IrTxD Output  SCIO transmit data output (normal/IrDA)

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive datapinl RxD1 Input SCI1 receive data input
Transmitdatapinl TxD1 Output  SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive datapin2  RxD2 Input SCI2 receive data input
Transmitdata pin 2  TxD2 Output  SCI2 transmit data output

3 Serial clock pin 3 SCK3 1/0 SCI3 clock input/output
Receive datapin3  RxD3 Input SCI3 receive data input
Transmitdata pin 3 TxD3 Output  SCI3 transmit data output

4 Serial clock pin 4 SCK4 1/0 SCl4 clock input/output
Receive datapin4  RxD4 Input SCl4 receive data input
Transmit data pin4  TxD4 Output  SCI4 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel
designation.
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16.1.4 Register Configuration

The SCI hasthe internal registers shown in table 16-2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to control

transmitter/receiver.

Table16-2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address**

0 Serial mode register 0 SMRO R/W H'00 H'FF78**
Bit rate register 0 BRRO R/W H'FF H'FF79**
Serial control register O SCRO R/W H'00 H'FF7A*®
Transmit data register 0 TDRO R/W H'FF H'FF7B**
Serial status register 0 SSRO R/(W)*?* H'84 H'FF7C*?
Receive data register 0 RDRO R H'00 H'FF7D**
Smart card mode register O SCMRO R/W H'F2 H'FF7E*®
IrDA control register IrCR R/W H'00 H'FDBO

1 Serial mode register 1 SMR1 R/W H'00 H'FF80**
Bit rate register 1 BRR1 R/W H'FF H'FF81**
Serial control register 1 SCR1 R/W H'00 H'FF82*®
Transmit data register 1 TDR1 R/W H'FF H'FF83**
Serial status register 1 SSR1 R/(W)*? H'84 H'FF84*3
Receive data register 1 RDR1 R H'00 H'FF85*°
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86*°

2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*?* H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
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Channel Name Abbreviation R/W Initial Value Address**!

3 Serial mode register 3 SMR3 R/W H'00 H'FDDO
Bit rate register 3 BRR3 R/W H'FF H'FDD1
Serial control register 3 SCR3 R/W H'00 H'FDD2
Transmit data register 3 TDR3 R/W H'FF H'FDD3
Serial status register 3 SSR3 R/(W)*?* H'84 H'FDD4
Receive data register 3 RDR3 R H'00 H'FDD5
Smart card mode register 3 SCMR3 R/W H'F2 H'FDD6
4 Serial mode register 4 SMR4 R/W H'00 H'FDD8
Bit rate register 4 BRR4 R/W H'FF H'FDD9
Serial control register 4 SCR4 R/W H'00 H'FDDA
Transmit data register 4 TDR4 R/W H'FF H'FDDB
Serial status register 4 SSR4 R/(W)*? H'84 H'FDDC
Receive data register 4 RDR4 R H'00 H'FDDD
Smart card mode register 4 SCMR4 R/W H'F2 H'FDDE
All Module stop control register B MSTPCRB R/W H'FF H'FDE9
Module stop control register C MSTPCRC R/W H'FF H'FDEA

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, for flag clearing.

*3 Some of the SCI registers are allocated to the same addresses as other registers. The
IICE bit of the serial timer control register X (SCRX) selects the respective registers.
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16.2  Register Descriptions

16.21 Receive Shift Register (RSR)

Bit : 7 6 5 4

RIW — — — —

RSR is aregister used to receive serial data.

The SCI sets serial datainput from the RxD pinin RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, itis

transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

16.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4
Initial value : 0 0 0 0
R/W

RDR is aregister that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial datafrom RSR to
RDR whereit is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive

operations to be performed.

RDR is aread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, in standby mode, watch mode, subactive mode, and subsleep

mode or module stop mode.
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16.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW - — — — — — — — —

TSR isaregister used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is hot
performed if the TDRE bit in SSRis set to 1.

TSR cannot be directly read or written to by the CPU.

16.2.4  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDRisan 8-hit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit datato TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at all times.

TDRisinitialized to H'FF by areset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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16.25 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W RIW R/W R/W R/W R/W R/W

SMRisan 8-bit register used to set the SCI’ s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.
SMRisinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 hits as the data length in asynchronous mode. In
clocked synchronous mode, a fixed data length of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode
with amultiprocessor format, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note:* When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in clocked synchronous mode,
when parity addition and checking is disabled in asynchronous mode, and when a multi processor
format is used.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity**?

Notes: *1 When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

*2 When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.

700
RENESAS



Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set the
STOP bit setting isinvalid since stop bits are not added.

Bit 3
STOP Description
0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent. (Initial value)
1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, itistreated as a stop bit; if itisO, it istreated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E hit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it isinvalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 16.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These hits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, @/16, and /64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 16.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @ clock (Initial value)
1 @/4 clock

1 0 2/16 clock
1 2/64 clock

16.2.6  Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 | CKEO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCRisaregister that performs enabling or disabling of SCI transfer operations, seria clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.
SCRisinitialized to H'00 by areset and in standby mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt
(TXI) request generation when seria transmit datais transferred from TDR to TSR and the TDRE
flagin SSRisset to 1.

Bit 7

TIE Description

0 Transmit data empty interrupt (TXI) requests disabled (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to O, or clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive data full interrupt (RX1)
request and receive error interrupt (ERI) request generation when serial receive dataistransferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
disabled* (Initial value)

1 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
enabled

Note:* RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to O, or clearing the RIE bit to O.

Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled*?

Notes: *1 The TDRE flag in SSRis fixed at 1.

*2 In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of seria reception by the SCI.

Bit 4

RE—Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: *1 Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

*2 Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode.
SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bitin SMR is set to 1.

The MPIE bit setting isinvalid in clocked synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
*  When the MPIE bit is cleared to 0
*  When MPB= 1 data is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR, is not
performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit end interrupt
(TEI) request generation when thereis no valid transmit datain TDR in MSB data transmission.

Bit 2

TEIE Description

0 Transmit end interrupt (TEI) request disabled* (Initial value)
1 Transmit end interrupt (TEI) request enabled*

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to 0, or clearing the TEIE bit to 0.
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Bits1 and 0—Clock Enable 1 and 0 (CKE1, CKEQ): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEDO bits determines whether the SCK pin functions as an 1/0 port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKEL1 =0) in
asynchronous mode. The CKEO bit setting isinvalid in clocked synchronous mode, and in the case
of external clock operation (CKEL = 1). Note that the SCI’ s operating mode must be decided using
SMR before setting the CKE1 and CKEQ hits.

For details of clock source selection, seetable 16-9 in section 16.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as 1/O port**
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output**
1 Asynchronous mode Internal clock/SCK pin functions as clock output*?
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 0 Asynchronous mode External clock/SCK pin functions as clock input*?
Clocked synchronous External clock/SCK pin functions as serial clock
mode input
1 Asynchronous mode External clock/SCK pin functions as clock input*?
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: *1 Initial value
*2 Outputs a clock of the same frequency as the bit rate.
*3 Inputs a clock with a frequency 16 times the bit rate.
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16.2.7  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0
TDRE RDRF | ORER FER PER TEND MPB MPBT

Initial value : 1 0 0 0 0 1 0 0

R/W : R/(W)*  R/(W)*  R/(W)* R/(W)* RI(W)* R R R/W

Note: * Only 0 can be written, to clear the flag.

SSR is an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor hits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
« When the DMAC* or DTC* is activated by a TXI interrupt and writes data to TDR

1 [Setting conditions] (Initial value)
*  When the TE bitin SCR is 0
* When data is transferred from TDR to TSR and data can be written to TDR

Note: * This function is not available in the H8S/2695.
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received dataiis stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)
*  When 0 is written to RDRF after reading RDRF = 1
»  When the DMAC* or DTC* is activated by an RXI interrupt and reads data from
RDR
1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR
Notes: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE hit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
* This function is not available in the H8S/2695.

Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written to ORER after reading ORER =1

1 [Setting condition]

When the next serial reception is completed while RDRF = 1*?

Notes: *1 The ORER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
*2 The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.
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Bit 4—Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

?Description

0 [Clearing condition] (Initial value)**
e When 0 is written to FER after reading FER = 1

1 [Setting condition]

When the SCI checks whether the stop bit at the end of the receive data when
reception ends, and the stop bit is 0 *?

Notes: *1 The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to O.
*2 In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDRF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 3—Parity Error (PER): Indicatesthat a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written to PER after reading PER = 1

1 [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?
Notes: *1 The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
*2 If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.
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Bit 2—Transmit End (TEND): Indicates that thereis no valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

«  When the DMAC* or DTC* is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)

* Whenthe TE bitin SCRis 0

 When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character
Note: * This function is not available in the H8S/2695.

Bit 1—Multiprocessor Bit (MPB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only hit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—M ultiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting is invalid when multiprocessor format is not used, when not transmitting,
and in clocked synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted
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16.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRRisan 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at all times.
BRRisinitialized to H'FF by areset and in standby mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 16-3 shows sample BRR settings in asynchronous mode, and table 16-4 shows sample BRR
settings in clocked synchronous mode.
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Table16-3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

2 =2 MHz g = 2.097152 MHz @ = 2.4576 MHz 2 =3 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 0.00 1 155 0.16
300 0 207 016 O 217 021 O 255 0.00 1 77 0.16
600 0 103 016 O 108 021 O 127 000 O 155 0.16
1200 0 51 016 O 54 -0.70 O 63 0.00 O 77 0.16
2400 0 25 016 O 26 114 0 31 0.00 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 0.00 O 19 -2.34
9600 — — — 0 6 —-2.48 0 7 0.00 O 9 —2.34
19200 — — — — — — 0 3 0.00 O 4 -2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —

2 = 3.6864 MHz 2 =4 MHz @ =4.9152 MHz 2 =5 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 0.00 1 207 016 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 016 1 127 0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 0.00 O 103 016 O 127 000 O 129 0.16
2400 0 47 0.00 O 51 016 O 63 0.00 O 64 0.16
4800 0 23 0.00 O 25 016 O 31 0.00 O 32 -1.36
9600 0 11 0.00 O 12 016 O 15 000 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 0 4 0.00
38400 0 2 0.00 — — — 0 3 0.00 O 3 1.73
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g =6 MHz g = 6.144 MHz g =7.3728 MHz g =8 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 7 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 000 1 207 0.16
600 1 77 016 1 79 000 1 95 000 1 103 0.16
1200 0 155 016 O 159 000 O 191 000 O 207 0.16
2400 0 77 016 O 79 000 O 95 000 O 103 0.16
4800 0 38 016 O 39 000 O 47 000 O 51 0.16
9600 0 19 -2.34 0 19 000 O 23 000 O 25 0.16
19200 0 9 -234 0 9 000 O 11 000 O 12 0.16
31250 0 5 000 O 5 240 — — — 0 7 0.00
38400 0 4 -2.34 0 4 000 O 5 0.00 — — —

@ = 9.8304 MHz 2 =10 MHz g =12 MHz @ =12.288 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 —0.26 2 177 -0.25 2 212 003 2 217 0.08
150 2 127 000 2 129 016 2 155 0.16 2 159  0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 000 1 129 016 1 155 016 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79 0.00
2400 0 127 000 O 129 016 O 155 016 O 159  0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -136 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -234 0 19 0.00
31250 0 9 -1.70 O 9 000 O 11 000 O 11 2.40
38400 0 7 000 O 7 173 0 9 -234 0 9 0.00
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2 =14 MHz g = 14.7456 MHz 2 =16 MHz g =17.2032 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 016 2 111 0.00
600 1 181 016 1 191 000 1 207 016 1 223 0.00
1200 1 90 016 1 95 0.00 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223 0.00
4800 0 90 016 O 95 0.00 O 103 016 O 111 0.00
9600 0 45 -093 0 47 0.00 O 51 016 O 55 0.00
19200 0 22 -093 0 23 0.00 O 25 016 O 27 0.00
31250 0 13 0.00 O 14 -1.70 0 15 0.00 O 16 1.20
38400 — — — 0 11 0.00 O 12 013 O 13 0.00
2 =18 MHz @ =19.6608 MHz 2 =20 MHz @ =25 MHz @ =28 MHz
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 3 79 -012 3 8 031 3 83 -025 3 110 -0.02 3 123 0.23
150 2 233 016 2 255 000 3 64 016 3 80 -047 3 90 0.16
300 2 116 0.16 2 127 0.00 2 129 016 2 162 0.15 2 181 0.16
600 1 233 0.16 1 255 0.00 2 64 0.16 2 80 -047 2 90 0.16
1200 1 116 016 1 127 0.00 1 129 016 1 162 0.15 1 181 0.16
2400 0 233 016 0 255 0.00 1 64 016 1 80 -047 1 90 0.16
4800 0 116 0.16 0 127 0.00 0 129 016 O 162 0.15 0 181 0.16
9600 0O 58 069 0O 63 000 O 64 016 0 80 -047 0 90 0.16
19200 0 28 102 0 31 000 O 32 -136 0 40 -0.76 0 45 -0.93
31250 0 17 000 O 19 -1.70 0 19 000 O 24 0.00 o 27 0.00
38400 0 14 -234 0 15 000 O 15 173 O 19 1.73 0 22 -0.93
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Table16-4 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

g= g= g= 9= g= g= g= g=
Bit Rate 2 MHZ 4 MHz 8 MHz 10 MHz 16 MHz 20 MHz 25 MHz 28 MHz
(bit/s) n N n N n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — — 3 218
1k 1 124 1 249 2 124 —_ — 2 249 — — 3 97 3 108
25k 0 199 1 99 1 199 1 249 2 99 2 124 2 155 2 174
5k 0 99 0 199 1 99 1 124 1 199 1 249 2 77 1 349
10k 0 49 0 99 0 199 0 249 1 99 1 124 1 155 1 174
25k 0 19 0 39 0 79 0 99 0 159 0 199 0 249 0 279
50k 0 9 0 19 0 39 0 49 0 79 0 99 0 124 0 139
100k 0 4 0 9 0 19 0 24 0 39 0 49 0 62 0 69
250k 0 1 0 3 o 7 0 9 0 15 0 19 0 24 o 27
500k 0 O* 0 1 0 3 0 4 0 7 0 9 —_ — 0 13
1M o o 0 1 0 3 0 4 — — 0O 6
25M o o* 0o 1 — — — —
5M 0 0 - — — —
Note: As far as possible, the setting should be made so that the error is no more than 1%.
Legend

Blank : Cannot be set.

— : Can be set, but there will be a degree of error.

* . Continuous transfer is not possible.
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The BRR setting is found from the following formulas.
Asynchronous mode:

(%]
N = x10°-1
64x22n—1xB

Clocked synchronous mode:

%]
N = X106—1
8X22r“lXB

Where B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

@. Operating frequency (MHz)

n: Baud rate generator input clock (n=0to 3)

(See the table below for the relation between n and the clock.)

SMR Setting

n Clock CKS1 CKSO0

0 [} 0 0

1 al4 0 1

2 /16 1 0

3 /64 1 1

The bit rate error in asynchronous mode is found from the following formula:

o o x 10°
Error (%) ={ (N+1) x B x64x 2" -1} x 100
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Table 16-5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 16-6
and 16-7 show the maximum bit rates with external clock input.

Table16-5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

2 (MHz) Maximum Bit Rate (bit/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
25 781250 0 0
28 875000 0 0
716

RENESAS



Table16-6 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
25 6.2500 390625
28 7.0000 437500
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Table16-7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

2 (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
25 4.1667 4166666.7
28 4.6667 4666666.7
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16.29 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF

Initial value : 1 1 1 1 0 0 1 0

R/W : — — — — R/W R/W — R/W

SCMR selects LSB-first or MSB-first by means of bit SDIR. Except in the case of asynchronous
mode 7-bit data, L SB-first or MSB-first can be selected regardless of the serial communication
mode. The descriptionsin this chapter refer to LSB-first transfer.

For details of the other bitsin SCMR, see section 17.2.1, Smart Card Mode Register (SCMR).
SCMRisinitialized to H'F2 by areset and in standby mode.
Bits 7 to 4—Reserved: These bits are dways read as 1 and cannot be modified.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

Thisbit isvalid when 8-bit datais used as the transmit/receive format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. The SINV
bit does not affect the logic level of the parity bit(s): parity bit inversion requires inversion of the
O/E bitin SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form
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Bit 1—Reserved: Thishit is awaysread as 1 and cannot be modified.

Bit 0—Smart Card Interface Mode Select (SMIF): When the smart card interface operates as a
normal SCI, 0 should be written in this bit.

Bit 0

SMIF Description

0 Operates as normal SCI (smart card interface function disabled) (Initial value)
1 Smart card interface function enabled

16.2.10 IrDA Control Register (IrCR)

Bit L7 6 5 4 3 2 1 0

E | wCKS2 | rcKksi | wckso| — | — | — | —
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW  RW — — — —

IrCR is an 8-bit read/write register that selects the SCIO function.
IrCRisinitialized to H'00 when in hardware standby mode.

Note: Thisregister's functions are not supported in the H85/2695. Only 0 should be written to
thisregister.

Bit 7—IrDA enable (ITE): Sets SCI0 input and output for normal SCI operation or IrDA
operation.

Bit 7

IrE Description

0 TxDO0/IrTxD and RxDO/IrRxD pins operate as TxDO and RxDO (Initial value)
1 TxDO/IrTxD and RxDO/IrRxD pins operate as IrTxD and IrRxD
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Bits 6 to 4—IrDA clock select 2to 0 (IrCK S2 to Ir CK S0): When the IrDA function is enabled,
these bits set the width of the High pulse when encoding the IrTxD output pulse.

Bit 6 Bit 5 Bit 4
IrCKS2 IrCKS1 IrCKSO0 Description
0 0 0 Bx3/16 (three sixteenths of bit rate) (Initial value)
1 a/2
1 0 al4
1 2/8
1 0 0 /16
1 2/32
1 0 /64
1 2/128
Bits 3 to 0—Reserved: These bits are aways read as 0 and cannot be modified.
16.2.11 Module Stop Control RegistersB and C (MSTPCRB, MSTPCRC)
MSTPCRB
Bit 7 6 5 4 3 2 1 0
MSTPB7| MSTPB6|MSTPB5| MSTPB4|MSTPB3|MSTPB2|MSTPB1|MSTPBO
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
MSTPCRC
Bit 7 6 5 4 3 2 1 0
MSTPC7| MSTPC6|MSTPC5|MSTPC4 MSTPC3|MSTPC2|MSTPC1|MSTPCO
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRB and MSTPCRC are 8-bit readable/writable registers that perform module stop mode

control.

Setting any of bits MSTPB7 to MSTBP5 and MSTPC7 and MSTPC6 to 1 stops SCI0 to SCI4
operating and enter modul e stop mode on completion of the bus cycle. For details, see section
24.5, Module Stop Mode.
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MSTPCRB and MSTPCRC areinitialized to H'FF by a power-on reset and in hardware standby
mode. They are not initialized by a manual reset and in software standby mode.

(1) Module Stop Control Register B (M STPCRB)

Bit 7—Module Stop (M STPB7): Specifies the SCI0 module stop mode.

Bit 7

MSTPB7 Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (M STPB6): Specifies the SCI1 module stop mode.

Bit 6

MSTPB6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

Bit 5—Module Stop (M STPB5): Specifies the SCI2 module stop mode.

Bit 5

MSTPB5 Description

0 SCI2 module stop mode is cleared

1 SCI2 module stop mode is set (Initial value)

(2) Module Stop Control Register C (MSTPCRC)
Bit 7—Module Stop (M STPC7): Specifies the SCI3 module stop mode.

Bit 7
MSTPC7  Description

0 SCI3 module stop mode is cleared
1 SCI3 module stop mode is set (Initial value)
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Bit 6—Module Stop (M STPCB6): Specifies the SCI4 module stop mode.

Bit 6

MSTPC6 Description

0 SCl4 module stop mode is cleared

1 SCI14 module stop mode is set (Initial value)

16.3 Operation

16.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and clocked synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or clocked synchronous mode and the transmission format is made
using SMR as shown in table 16-8. The SCI clock is determined by a combination of the C/A bit
in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 16-9.

Asynchronous M ode
» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception

» Choice of internal or external clock as SCI clock source
0O Wheninterna clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

0 When external clock is selected:

A clock with afrequency of 16 times the bit rate must be input (the on-chip baud rate
generator is not used)

Clocked Synchronous Mode
» Transfer format: Fixed 8-bit data
» Detection of overrun errors during reception

» Choice of internal or externa clock as SCI clock source
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O Wheninternal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
O When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clock

Table16-8 SMR Settingsand Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Bit7 Bit6 Bit2 Bit5 Bit3 Data g:g:essor Parity  Stop Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bitdata  Yes No 1 bit
mode (multi-
. 1 processor format) 2 bits
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Clocked 8-bitdata No None
synchronous mode
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Table16-9 SMR and SCR Settings and SCI Clock Sour ce Selection

SMR SCR Setting

SCI Transmit/Receive Clock

Bit 7 Bitl BitO Clock
C/A CKE1l CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
the bit rate
1 0 0 Clocked Internal Outputs serial clock
synchronous
mode
1 0 External Inputs serial clock
1
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16.3.2  Operation in Asynchronous Maode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and stop bits indicating the end of communication. Serial communication
isthus carried out with synchronization established on a character-by-character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 16-2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in L SB-
first order), a parity bit (high or low level), and finally stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais |atched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall o | po | p1 | D2 | D3| D4 | D5 | D6 | D7 |01 | 1 1
data
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 hits 1 bit, 1lor

ornone 2 bits

One unit of transfer data (character or frame)

A
Y

Figure 16-2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)

726
RENESAS




Data Transfer Format: Table 16-10 shows the data transfer formats that can be used in
asynchronous mode. Any of 12 transfer formats can be selected according to the SMR setting.

Table 16-10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE MP | STOP 2 3 4 5 6 9 10 11 12
0 0 0 0 | 8-bit data |STOP
0 0 0 1 | 8-bit data |STOP| STOP
0 1 0 0 | 8-bit data | P |STOP
0 1 0 1 | 8-bit data | P |STOP|STOP
1 0 0 0 | 7-bit data |STOP
1 0 0 1 | 7-bit data |STOP|STOP
1 1 0 0 | 7-bit data | P |STOP
1 1 0 1 | 7-bit data | p |STOP|STOP
0 — 1 0 | 8-bit data |MPB |STOP
0 — 1 1 | 8-bit data |MPB |STOP|STOP
1 — 1 0 | 7-bit data | MPB |STOP
1 — 1 1 | 7-bit data | MPB|STOP|STOP
Legend
S : Start bit
STOP : Stop bit
P : Parity bit

MPB : Multiprocessor bit
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Clock: Either an internal clock generated by the on-chip baud rate generator or an external clock
input at the SCK pin can be selected as the SCI’s seria clock, according to the setting of the C/A
bitin SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see
table 16-9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 16-3.

iy L

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | O/1 1 1

1 frame

-

Figure 16-3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations:

» SCl initialization (asynchronous mode)
Before transmitting and receiving data, you should first clear the TE and RE hitsin SCR to 0,
then initialize the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared
to 0 before making the change using the following procedure. When the TE bit is cleared to 0,
the TDRE flag is set to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 16-4 shows a sample SCI initialization flowchart.

C Start initialization

| Clear TE and RE bits in SCR to 0

Set CKE1 and CKEDO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(1]

(2]
(2]

(3]
K]

1-bit interval elapsed?

Yes

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE,
and MPIE bits

<Transfer completion>

(4]

No

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. Not necessary if an
external clock is used.

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure 16-4 Sample SCI Initialization Flowchart
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» Serial datatransmission (asynchronous mode)
Figure 16-5 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

| Initialization | [1] [1] SCl initialization:
I The TxD pin is automatically

< . > designated as the transmit data
Start transmission .
output pin.

}4— After the TE bit is set to 1, a frame

| Read TDRE flag in SSR | 2] of 1s is output, and transmission is
enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- i3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DMAC* or

DTC" is activated by a transmit
data empty interrupt (TXI) request,
and date is written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDR to 1

Note: * DMAC and DTC functions are

}4— not available in the H8S/2695.

Clear TE bitin SCRto 0 |

<End>

Figure 16-5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitors the TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

[2] After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit isset to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the TxD pin in the following order.

[a] Start bit:
One 0-hit is output.

[b] Transmit data:
8-bit or 7-bit datais output in LSB-first order.

[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor hit is outpuit.

A format in which neither a parity bit nor a multiprocessor hit is output can also be
selected.

[d] Stop bit(s):
One or two 1-hits (stop bits) are output.

[e] Mark state:
lisoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checksthe TDRE flag at the timing for sending the stop hit.

If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop hit is sent,

and then seria transmission of the next frame is started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the
“mark state” is entered in which 1 is output continuoudly. If the TEIE bitin SCRissetto 1 at

thistime, a TEI interrupt request is generated.
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Figure 16-6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit  bit  bit " bit bt 1
) )
0 | po | b1 o7 |o1| 1 | o | Do | D1 o7 | on | 1 |destate
(« (« (mark state)
) )
(
)
TDRE («
A i B A
TEND (« («
) ) 1
TXI interrupt Data written to TDR and TXI interrupt ]
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt service routine request generated
1 frame

Figure16-6 Exampleof Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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Serial data reception (asynchronous mode)
Figure 16-7 shows a sample flowchart for seria reception.
The following procedure should be used for serial data reception.

| Initialization | [1 [1] SCl initialization:
‘ The RxD pin is automatically
C . > designated as the receive data
Start reception . .
input pin.

-
-

[2] [3] Receive error processing and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
3] ORER, PER, and FER flags are
- all cleared to 0. Reception cannot
C Error processing > be resumed if any of these flags
are set to 1. In the case of a
framing error, a break can be
Read RDRF flag in SSR | [4] detected by reading the value of
the input port corresponding to
the RxD pin.

Yes
PEROFEROORER= 1

(Continued on next page)

No

[4] SCI status check and receive
data read :
Yes Read SSR and check that RDRF
=1, then read the receive data in
Read receive data in RDR, and RDR and clear the RDRF flag to
clear RDRF flag in SSR to 0 0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

(5] [5] Serial reception continuation
procedure:
To continue serial reception,
before the stop bit for the current
frame is received, read the
RDRF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
<End> flag is cleared automatically
when DMAC or DTC is activated
by an RXl interrupt and the RDR
value is read.

All data received?

Clear RE bitin SCRto 0

Figure 16-7 Sample Serial Reception Data Flowchart
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(3]

C Error processing >

No
ORER=1

Yes

Overrun error processing

-
-

Yes

Break?

No
A

Framing error processing | | Clear RE bitin SCRto 0

-
-

No
PER=1

Yes

Parity error processing

oy
-

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure16-7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

[1] The SCI monitors the transmission line, and if a 0 stop bit is detected, performs internal
synchronization and starts reception.

[2] Thereceived datais stored in RSR in LSB-to-M SB order.

[3] The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

[a] Parity check:
The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

[b] Stop bit check:
The SCI checks whether the stop bit is 1.
If there are two stop bits, only the first is checked.

[c] Statuscheck:
The SCI checks whether the RDRF flag is O, indicating that the receive data can be
transferred from RSR to RDR.

If al the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.
If areceive error* is detected in the error check, the operation is as shown in table 16-11.

Note: * Subseguent receive operations cannot be performed when areceive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to O.

[4] If the RIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive data full interrupt
(RX1) regquest is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive error interrupt (ERI) request is generated.
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Table 16-11 Receive Errorsand Conditions for Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRissetto 1 RDR.

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR.

Parity error PER When the received data differs  Receive data is transferred
from the parity (even or odd) set from RSR to RDR.
in SMR

Figure 16-8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit " bit ~ bit bit B bit  bit 1
)) ))
0 | bo | b1 p7 |01 | 1 | o | Do | D1 D7 | o1 | 0 |ldlestate
( ( (mark state)
) )
RDRF (« (
)) J A ))
FER (« (
)) )) J
RXI interrupt RDR data read and RDRF
request flag cleared to 0 in RXI ERI interrupt request
generated interrupt service routine generated by framing
error
1 frame
Figure 16-8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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16.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique ID code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose | D matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until data with a 1 multiprocessor bit is again received. In this
way, data communication is carried out among a number of processors.

Figure 16-9 shows an example of inter-processor communication using the multiprocessor format.
Data Transfer Format: There are four data transfer formats.

When the multiprocessor format is specified, the parity bit specification isinvalid.

For details, see table 16-10.

Clock: See the section on asynchronous mo