REJ0980355'0300 Everywhere you imagine. ] 2 E N ESAS

The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of

revisions and additions. Details should always
be checked by referring to the relevant text.

H 88/2 245 Group

Hardware Manual

Renesas 16-Bit Single-Chip Microcomputer
H8S Family / H8S/2200 Series

H8S/2246 HD6432246
HD6472246
H8S/2245 HD6432245
H8S/2244 HD6432244
H8S/2243 HD6432243
H8S/2242 HD6432242
H8S/2241 HD6432241R
H8S/2240 HD6412240

Rev.3.00 RenesasTechnology
Revision date: Mar. 26, 2007 WWW.renesas.com


Unknown
The revision list can be viewed directly by clicking the title page.

The revision list summarizes the locations of revisions and additions.  Details should always be checked by referring to the relevant text.


Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in
the manual.

O The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

O The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

O The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

O When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number,
confirm that the change will not lead to problems.

0 The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Preface

The H85/2245 Group is a series of high-performance microcontrollers with a 32-bit H8S/2000
CPU core, and a set of on-chip peripheral functions required for system configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen 16-bit
general registers with a 32-bit internal configuration, and a concise and optimized instruction set.
The CPU can handle a 16 Mbyte linear address space (architecturally 4 Gbytes). Programs based
on the high-level language C can also be run efficiently.

The address space is divided into eight areas. The data bus width and access states can be selected
for each of these areas, and various kinds of memory can be connected fast and easily.

On-chip memory consists of large-capacity ROM and RAM. PROM (ZTAT") and mask ROM
versions 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.

On-chip peripheral functionsinclude a 16-bit timer pulse unit (TPU), 8-bit timers, watchdog timer
(WDT), serial communication interface (SCI), A/D converter, and I/O ports.

In addition, an on-chip datatransfer controller (DTC) is provided, enabling high-speed data
transfer without CPU intervention.

Use of the H8S/2245 Group enables compact, high-performance systems to be implemented
easly.

Thismanual describes the hardware of the H8S/2245 Group. Refer to the H8S/2600 Series and
H8S/2000 Series Software Manual for a detailed description of the instruction set.

Note: ZTAT isaregistered trademark of Renesas Technology Corp.
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

All — * Company name and brand hames amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
» Designation for categories amended
(Before) H8/2245 Series — (After) H8/2245 Group
1.1 Overview 2 Table 1.1 amended
Table 1.1 Overview CPU

* High-speed operation suitable for realtime control

O Maximum clock rate: 20 MHz

O High-speed arithmetic operations (20-MHz operation)
1.3.2 PinFunctionsin 8to Note *2 added
Each Operating Mode 11 pip4e 2¢ Mode 3*' Mode 6 Mode 744 PROM Mode*

Table 1.2 Pin Functions 11 Notes: 1. Cannot be used in the H8S/2240.

in Each Operating Mode 2. NC should be left open.
1.3.3 Pin Functions 13 Description amended
Table 1.3 Pin Functions Operating mode control

... H8S/2245 Group is operating. Except for mode changing, be
sure to fix the levels of the mode pins (MD, to MD,) by pulling
them down or pulling them up until the power turns off.

2.1.1 Features 20 Description amended
« High-speed operation

O Maximum clock rate: 20MHz

O 8/16/32-bit register-register add/subtruct: 50 ns (20-MHz
operation)

O 8 x 8-hit register-register multiply: 600 ns (20-MHz
operation)

O 16 + 8-bit register-register divide: 600 ns (20-MHz
operation)

O 16 x 16-bit register-register multiply: 1000 ns (20-MHz
operation)

O 32 + 16-bit register-register divide: 600 ns (20-MHz
operation)
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Item Page Revision (See Manual for Details)

2.3 Address Space 27 Description amended

... address space in advanced mode. The usable modes and
address spaces differ depending on the product. For details on
each product, see section 3, MCU Operating Modes.

2.6.1 Overview 36 Table 2.1 amended

Table 2.1 Instruction LDM#*®, STM*2 MOVFPE*?, MOVTPE*®> TAS*!
Classification

37 Notes 4 and 5 added
Notes: 4. Only register ERO, ER1, ER4, or ER5 should be used
when using the TAS instruction.
5. Only register ERO to ER6 should be used when using the
STM/LDM instruction.

Table 2.3 Data Transfer 40 Note *2 added
Instructions Size*! LDM*® STM*?

Notes: 1. Size refers to the operand size. ...

2. Only register ERO to ER6 should be used when using the
STM/LDM instruction.

Table 2.4 Arithmetic 41, Note *2 added
Operation Instructions 42 Sizer! TASH

42 Notes: 1. Size refers to the operand size. ...

2. Only register ERO, ER1, ER4, or ER5 should be used when
using the TAS instruction.

Table 2.10 Block Data 48 Table 2.10 amended
Transfer Instructions EEPMOV.W

... else next;

Transfer a data block. Starting from the address set in ERS5,
transfers data for the number of bytes set in R4L or R4 to the
address location set in ERG6.

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

2.10 Usage Notes to 66 to Sections 2.10 to 2.10.4 added

2.10.4 Access Methods /©
for Registers with Write-
Only Bits
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Item Page Revision (See Manual for Details)
3.4 Pin Functions in 77 Port E description in mode 4 amended
Each Operating Mode (Before) P¥/D —. (After) P/D¥'
Table 3.3 Pin Functions
in Each Operating Mode
5.1.2 Block Diagram 104  Figure 5.1 amended
Figure 5.1 Block (Before) IRQ input — (After) IRQ input
Diagram
5.3.1 External Interrupts 112  Figure 5.3 amended
Figure 5.3 Timing of (Before) IRQn input pin - (After) IRQn input pin
tting IRQNF
Setting IRQn Note added
Note:n=71t0 0
5.5.1 Contention 126  Description amended
betweeq Interrupt. . When an interrupt enable bit is cleared to 0 to disable interrupt
Generation and Disabling requests, the disabling becomes effective after execution of the
instruction. ...
5.5.3 Times when 127  Section 5.5.3 added
Interrupts Are Disabled
5.5.5 IRQ Interrupt 127, Sections 5.5.5 and 5.5.6 added
5.5.6 NMI Interrupt 128
Usage Notes
6.3.6 Chip Select 150 Figure 6.3 title amended
Signals
Figure 6.3 CSn Signal
Output Timing (n=0to
3)
6.4 Basic Timing to 150 Sections 6.4 to 6.4.3 added
6.4.3 External Address ©
153

Space Access Timing
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Item Page Revision (See Manual for Details)
6.5.5 Wait Control 165 Figure 6.18 amended
Figure 6.18 Example of By program wait By WAIT pin
Wait State Insertion L T | T | T | Tw | Ts
Timing ‘ \ ! w \ \ \
P
WAIT
Address bus :X K
s | |
| R
Read
Data bus < Read data F
AWR, TWR
Write
Data bus 4( Write data )*
Note: 7 indicates the timing of WAIT pin sampling.
7.2.5 DTC Transfer 184  Description amended

Count Register A (CRA)

... In repeat mode or block transfer mode, ... (CRAL). In repeat
mode, CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). In block transfer
mode, CRAH holds the block size while CRAL functions as an 8-
bit block size counter (1 to 256). CRAL is decremented by 1 ...
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Item Page Revision (See Manual for Details)

7.2.8 DTC Vector 186  Bit figure amended

Register (DTVECR) Bit : 7

‘ SWDTE ‘DTVECS‘ DTVECS‘ DTVEC4‘ DTVEC3 ‘ DTVEC2 ‘ DTVECl‘ DTVECO‘

Initial value: 0 0 0 0 0 0 0 0
RIW ©ORI(WY'L RI(W)*2 RI(W)*2 R/(W)*2 R/I(W)*2 R/(W)*2 R/(W)*2 R/(W)*2
Notes 1 and 2 amended
Notes: 1. A value of 1 can only be written to the SWDTE bit.
2. DTVECS6 to DTVECO bits can only be written when SWDTE =
0.
Bit 70 DTC Software Activation Enable (SWDTE)
Description deleted
(Before) ... Enables or disables DTC activation by software. The
SWDTE bit is cleared by writing 0 after reading 1. — (After)
Enables or disables DTC activation by software.
Condition 2 added
[Clearing conditions]
1. When DISEL =0 and ...
2. When 0 is written to the DISEL bit after a software-activated
data transfer end interrupt (SWDTEND) request has been sent to
the CPU.

7.3.2 Activation 190 Description added

Sources ...The activation source flag, in the case of RXI0, for example, is
the RDRF flag of SCI_0. As there are a number of activation
sources, the activation source flag is not cleared with the last
byte (or word) transfer. Take appropriate measures at each
interrupt.

7.3.8 Chain Transfer 199 Description added

... Figure 7.9 shows the memory map for chain transfer. When
activated, the DTC reads the register information start address
stored at the vector address, which corresponds to the activation
request, and then reads the first register information at that start
address. After the data transfer, the CHNE bit will be tested.
When it has been set to 1, DTC reads the next register
information located in a consecutive area and performs the data
transfer. These sequences are repeated until the CHNE bit is
cleared to 0.
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Item

Page Revision (See Manual for Details)

8.2.2 Register
Configuration

214

Port 1 Data Direction Register (P1DDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. P1DDR is initialized to H'00 ...

8.3.2 Register
Configuration

225

Port 2 Data Direction Register (P2DDR)
Description amended

... makes the pin an input pin. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. P2DDR is initialized to H'00 ...

8.4.2 Register
Configuration

230

Port 3 Data Direction Register (P3DDR)
Description amended

... an undefined value will be read. P3DDR cannot be modified.
Setting a P3DDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. P3DDR is initialized
to H'00 ...

8.5.2 Register
Configuration

235

Port 4 Register (PORT4)
Description amended

PORT4 is an 8-bit read-only register that shows port 4 pin states.
PORT4 cannot be modified. Bits 7 to 4 are reserved; ...

8.6.2 Register
Configuration

237

Port 5 Data Direction Register (P5DDR)
Description amended

... an undefined value will be read. PSDDR cannot be modified.
Setting a P5DDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. PSDDR is initialized
to H'O ...
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Item

Page Revision (See Manual for Details)

8.7.2 Register
Configuration

241

Port A Data Direction Register (PADDR)
Description amended

... an undefined value will be read. PADDR cannot be modified.
Setting a PADDR bit to 1 ... makes the pin an input pin. This
register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. PADDR is initialized
toHO ...

8.8.2 Register
Configuration

248

Port B Data Direction Register (PBDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PBDDR is initialized to H'00 ...

8.9.2 Register
Configuration

254

Port C Data Direction Register (PCDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PCDDR s initialized to H'0O0 ...

8.10.2 Register
Configuration

260

Port D Data Direction Register (PDDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PDDDR s initialized to H'0O ...

8.11.2 Register
Configuration

266

Port E Data Direction Register (PEDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PEDDR is initialized to H'00 ...

8.12.2 Register
Configuration

272

Port F Data Direction Register (PFDDR)
Description amended

... an undefined value will be read. This register is a write-only
register, and cannot be written by bit manipulation instruction.
For details, see section 2.10.4, Access Methods for Registers
with Write-Only Bits. PFDDR is initialized by a power-on reset ...
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Item

Page Revision (See Manual for Details)

8.13.2 Register
Configuration

278

Port G Data Direction Register (PGDDR)
Description amended

... an undefined value will be read. PGDDR cannot be modified.
This register is a write-only register, and cannot be written by bit
manipulation instruction. For details, see section 2.10.4, Access
Methods for Registers with Write-Only Bits. PGDDR is initialized
by a power-on reset ...

8.14 Handling of
Unused Pins

283

Section 8.14 added

9.2.1 Timer Control
Register (TCR)

294

Bits 4 and 30 Clock Edge 1 and 0 (CKEG1, CKEGO)
Note amended

Note: Internal clock edge selection is valid when the input clock
is @4 or slower. If @1 is selected as the input clock, this setting is
ignored and count at falling edge of @is selected.

9.2.5 Timer Status
Register (TSR)

311

Bit 30 Input Capture/Output Compare Flag D (TGFD)
Description amended
[Clearing conditions]

*  When DTC is activated by TGID interrupt while DISEL bit of
MRB in DTC is Oiwith the transfer counter not being O.

¢ When 0 is written to TGFD after reading TGFD =1

Bit 200 Input Capture/Output Compare Flag C (TGFC)
Description amended
[Clearing conditions]

«  When DTC is activated by TGIC interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being 0.

e When 0 is written to TGFC after reading TGFC = 1

312

Bit 100 Input Capture/Output Compare Flag B (TGFB)

Description amended

[Clearing conditions]

*  When DTC is activated by TGIB interrupt while DISEL bit of
MRB in DTC is 0;with the transfer counter not being 0.

e When 0 is written to TGFB after reading TGFB = 1
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Item Page Revision (See Manual for Details)

9.2.5 Timer Status 312
Register (TSR)

Bit 0O Input Capture/Output Compare Flag A (TGFA)
Description amended
[Clearing conditions]

e When DTC is activated by TGIA interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being 0.

¢« When 0 is written to TGFA after reading TGFA =1

9.7 Usage Notes 352

Description added

Note that the kinds of operation and contention described below
occur during TPU operation.

Module Stop Mode Setting

TPU operation can be disabled or enabled using the module stop
control register. The initial setting is for TPU operation to be
halted. Register access is enabled by clearing module stop
mode. For details, refer to section 18, Power-Down Modes.

Input Clock Restrictions
The input clock pulse width must be ...

Figure 9.52 Contention 360
between Overflow and
Counter Clearing

Figure 9.52 amended

TGF flag

TCFV flag !

Figure 9.53 Contention 361
between TCNT Write and
Overflow

Figure 9.53 amended
TCNT write cycle

M
N I
Address >< TCNT address ><
Write signal |
/ TCNT write data
TCNT HFFFF X "
TCFV flag Prohibited —w=i

10.2.2 Time Constant 367
Registers A0 and Al
(TCORAO, TCORA1)

Description amended

... Note, however, that comparison is disabled during the T2 state
of a TCORA write cycle. ...
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Item Page Revision (See Manual for Details)

10.2.3 Time Constant 367  Description amended

Registers BO and B1 ... Note, however, that comparison is disabled during the T2 state
(TCORBO, TCORB1) of a TCORB write cycle. ...

10.2.5 Timer 370 Bit 70 Compare Match Flag B (CMFB)

Control/Status Registers 0
and 1(TCSRO, TCSR1)

Description amended

[Clearing conditions]

e Cleared by reading CMFB when CMFB = 1, then writing O to
CMFB

e When DTC is activated by CMIB interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being 0.

371 Bit 60 Compare Match Flag A (CMFA)
Description amended
[Clearing conditions]
e Cleared by reading CMFA when CMFA = 1, then writing O to
CMFA
«  When DTC is activated by CMIA interrupt while DISEL bit of
MRB in DTC is 0 with the transfer counter not being 0.
10.6.1 Setting Module 381  Section 10.6.1 added
Stop Mode
11.2.2 Timer 391 Bit 70 Overflow Flag (OVF)
Control/Status Register Note * added
(TCSR) _ iy :
[Clearing condition] Cleared by reading TCSR when OVF =1,
then writing 0 to OVF*
Note: * When OVF is polled and the interval timer interrupt is
disabled, OVF = 1 must be read at least twice.
11.2.3 Reset 393 Bit 70 Watchdog Timer Overflow Flag (WOVF)
Control/Status Register Description amended
(RSTCSR) . . .
[Clearing condition] Cleared by reading RSTCSR when WOVF =
1, then writing 0 to WOVF
11.4 Interrupts 400 Description added
... whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to 0 in the interrupt handling routine.
11.5.6 OVF Flag 402  Section 11.5.6 added

Clearing in Interval Timer
Mode
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12.2.7 Serial Status
Register (SSR)

417

Bit 70 Transmit Data Register Empty (TDRE)

Note * added

[Clearing conditions]

¢ When 0 is written to ...

«  When the DTC* is activated by a TXI interrupt and write data

Note: * DTC can clear this bit only when DISEL is 0 with the
transfer counter not being 0.

418

Bit 600 Receive Data Register Full (RDRF)

Note * added

[Clearing conditions]

e When 0 is written to ...

e When the DTC* is activated by a RXI interrupt and write data

Notes: RDR and the RDRF flag are not affected ...

* DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

420

Bit 20 Transmit End (TEND)

Note * added

[Clearing conditions]

¢ When 0 is written to ...

*«  When the DTC* is activated by a TXI interrupt and write data

Note: * DTC can clear this bit only when DISEL is 0 with the
transfer counter not being 0.
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Item Page Revision (See Manual for Details)
12.2.8 Bit Rate Register 422  Table 12.3 amended
(BRR) @ (MHz)

Tabl_e 12.3 BRR _ 3.6864 4
Settings for Various Bit

Rates (Asynchronous Bit Rate Error Error
Mode) sy noo N e N
31250 — — — 0 0.00
38400 0 2 000 — = =
423 5 P MH2)
8
Bit Rate Error
(bit/s) n N (%)
sz50 0 7 000
38400 — B B
12.3.2 Operation in 437  Note * added to figure 12.4
Asynchronous Mode Set TE and RE¥ bits in SCR to 1, and set RIE, TIE, TEIE, and
Figure 12.4 Sample SCI MPIE bits

Note: * Perform this set operation with the RxD pin in the 1
state. If the RE bit is set to 1 with the RxD pin in the 0 state, it
may be misinterpreted as a start bit.

Initialization Flowchart

Figure 12.5 Sample 438 Note * added to figure 12.5
Serial Transmission

[3] Serial transmission continuation procedure: ... Checking and
Flowchart

clearing of the TDRE flag is automatic when the DTC# is
activated by a transmit data empty interrupt (TXI) request, and ...

Note: * The case, in which the DTC automatically checks and
clears the TDRE flag, occurs only when DISEL in DTC is 0 with
the transfer counter not being 0. Therefore, the TDRE flag should
be cleared by CPU when DISEL is 1, or when DISEL is 0 with the
transfer counter being 0.

Figure 12.7 Sample 441  Note * added to figure 12.7
Serial Reception Data

[5] Serial reception continuation procedure: ... The RDRE flag is
Flowchart

cleared automatically when the DTC* is activated by an RXI
interrupt and the RDR value is read.

Note: * The case, in which the DTC automatically clears the
RDREF flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the RDRF flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.
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12.3.3 Multiprocessor 447  Note * added to figure 12.10

Communication Function [3] Serial transmission continuation procedure: ... Checking and

Figure 12.10 Sample clearing of the TDRE flag is automatic when the DTC* is

Multiprocessor Serial activated by a transmit data empty interrupt (TXI) request, and ...

Transmission Flowchart Note: * The case, in which the DTC automatically clears the
TDRE flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the TDRE flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.

12.3.4 Operation in 456  Note * added to figure 12.16

Clocked Synchronous [3] Serial transmission continuation procedure: ... Checking and

Mode clearing of the TDRE flag is automatic when the DTC#* is

Figure 12.16 Sample activated by a transmit data empty interrupt (TXI) request, and ...

Serial Transmission

Flowchart
Note: * The case, in which the DTC automatically clears the
TDRE flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the TDRE flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.

Figure 12.18 Sample 459  Note * added to figure 12.18

Serial Reception [5] Serial reception continuation procedure: ... RDRF flag is

Flowchart cleared automatically when the DTC* is activated by a receive
data full interrupt (RXI) request, and ...
Note: * The case, in which the DTC automatically clears the
RDREF flag, occurs only when DISEL in DTC is 0 with the transfer
counter not being 0. Therefore, the RDRF flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer
counter being 0.

Figure 12.20 Sample 461 Note * added to figure 12.20

Flowchart of
Simultaneous Serial
Transmit and Receive
Operations

[5] Serial transmission/reception continuation procedure: ... Also
the RDREF flag is cleared automatically when the DTC* is
activated by a receive data full interrupt (RXI) request, and ...

Notes: When switching from transmit or receive operation to ...

* The case, in which the DTC automatically clears the TDRE
flag or RDRF flag, occurs only when DISEL in the corresponding
DTC transfer is 0 with the transfer counter not being 0.
Therefore, the corresponding flag should be cleared by CPU
when DISEL in the corresponding DTC transfer is 1, or when
DISEL is 0 with the transfer counter being 0.
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12.4 SCI Interrupt

462

Note * added

When TDRE flag in ... The TDRE flag is cleared to 0
automatically when data transfer is performed by the DTC*. The
DTC cannot be activated by ...

When RDREF flag in ... The RDRF flag is cleared to 0 )
automatically when data transfer is performed by the DTC¥. The
Note: * The flag is not cleared when DISEL is 0 and the transfer
counter value is not 0.

12.5 Usage Notes

464

Description added
The following points should be noted when using the SCI.
Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop
control register. The initial setting is for SCI operation to be
halted. Register access is enabled by clearing module stop
mode. For details, see section 18, Power-Down Modes.

Relation between Writes to TDR and TDRE Flag

467

Restrictions Concerning DTC Updating

.. When RDR is read by the DTC, be sure to set the activation
source to the relevant SCI reception data full interrupt (RXI).

* The flag is cleared only when DISEL in DTC is 0 with the
transfer counter not being 0. When DISEL is 1,or DISEL is 0 with
the transfer counter being 0, the flag should be cleared by CPU.

Note that transmitting, in particular, may not successfully be
executed unless the TDRE flag is cleared by CPU.

467
to
472

Description of "Operation in Case of Mode Transition" and
"Switching from SCK Pin Function to Port Pin Function" added

13.2.2 Serial Status
Register (SSR)

479

Bit 2 TEND description amended

[Clearing conditions]

e When 0 is written to ...

e When the DTC* is activated by a TXI interrupt and write data
to TDR

[Setting conditions] ...

¢  When TDRE = 1 and ERS = 0 (normal transmission) 12.5 etu
after transmission of 1-byte serial character when GM =0

*  When TDRE = 1 and ERS = 0 (normal transmission) 11.0 etu
after transmission of 1-byte serial character when GM = 1
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13.2.2 Serial Status 479
Register (SSR)

Note * added
Notes: etu: ...

* DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

13.3.4 Register Settings 486

SCR Setting
Description amended

... When the GM bit in SMR is cleared to 0, set these bits to B'00
if a clock is not to be output, or to B'01 if a clock is to be output.

13.3.6 Data Transfer 495
Operations

Fixing Clock Output Level
Description amended

When the GM bit in SMR is set to 1, ... In this example, GM is set
tol,..

496

497

Data Transfer Operation by DTC
Description amended

... If the TXI request is designated beforehand as a DTC
activation source, the DTC will be activated by the TXI request,
and transfer of the transmit data will be carried out. When DISEL
in DTC is 0 and the transfer counter value is not 0, the TDRE and
TEND flags are automatically cleared to 0 when data transfer is
performed. If DISEL is 1, or if DISEL is 0 and the transfer counter
value is 0, the DTC writes the transfer data to TDR but does not
clear the flags. Therefore, the flags should be cleared by the
CPU. In the event of an error, the SCI retransmits the same data
automatically. The TEND flag remains cleared to 0 during this
time, and the DTC is not activated. Thus, the number of bytes
specified by the SCI and DTC are transmitted automatically even
in retransmission following an error. However, the ERS flag is not
cleared ...

... If the RXI request is designated beforehand as a DTC
activation source, the DTC will be activated by the RXI request,
and transfer of the receive data will be carried out. At this time,
the RDREF flag is cleared to O if DISEL in DTC is 0 and the
transfer counter value is not 0. If DISEL is 1, or if DISEL is 0 and
the transfer counter value is 0, the DTC transfers the receive
data but does not clear the flag. Therefore, the flag should be
cleared by the CPU. If an error occurs, an error flag is set but the
RDREF flag is not.
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13.4 Usage Notes

500 Retransfer Operation
Description amended
« Retransfer operation when SCl is in receive mode

[4] ... If DTC data transfer by an RXI source is enabled, the
contents of RDR can be read automatically. When the RDR data
is read by the DTC, the RDRF flag is automatically cleared to O if
DISEL in DTC is 0 and the transfer counter value is not 0.

501 - Retransfer operation when SCl is in transmit mode

[9] ... If DTC data transfer by an RXI source is enabled, the
contents of RDR can be read automatically. When data is written
to TDR by the DTC, the TDRE bit is automatically cleared to O if
DISEL in DTC is 0 and the transfer counter value is not 0.

14.1.1 Features

503 « High-speed conversion
Description amended
O Minimum conversion time: 6.5 ps per channel (at 205—2MH2
operation)

14.2.2 A/D
Control/Status Register
(ADCSR)

508 Bit 70 A/D End Flag (ADF)
Note * added
[Clearing conditions]
¢ When 0 is written to ...

¢ When the DTC* is activated by a ADI interrupt and ADDR is
read

Note: * The flag is cleared only when DISEL in DTC is 0 and the
transfer counter value is not 0.

509 Bit 30 Clock Select (CKS)
Description added

... Is stopped (ADST = 0). Set the conversion time to a value
equal to or greater than the conversion time indicated in section
19.5, A/D Conversion Characteristics.

14.4.1 Single Mode
(SCAN = 0)

Figure 14.3 Example of
A/D Converter Operation
(Single Mode, Channel 1

Selected)

514  Note * added to figure 14.3

Read conversion result*
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14.4.3 Input Sampling 517  Figure 14.5 amended

and A/D Conversion

Time

Figure 14.5 A/D

Conversion Timing ¢
Address bus
Write signal

14.6 Usage Notes 519 Description added
The following points should be noted when using the A/D
converter.
Module Stop Mode Setting
Operation of the A/D converter can be disabled or enabled using
the module stop control register. The initial setting is for
operation of the A/D converter to be halted. Register access is
enabled by clearing module stop mode. For details, see section
18, Power-Down Modes.
Setting Range of Analog Power Supply and Other Pins

15.2.1 System Control 527  Bit figure amended

Register (SYSCR) Bit : 7 6 5 4 3 2 1

‘ — ‘ — ‘ INTM1 ‘ INTMO ‘ NMIEG ‘ — ‘ — ‘ RAME ‘

Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W — — R/W

16.1.1 Block Diagram 530 Figure 16.1 title amended

Figure 16.1 Block

Diagram of ROM

(Example with H8S/2246

and H8S/2245 in Modes

6,7)

16.2.1 Bus Control 531 Bit 50 External Address Enable (EAE)

Register L (BCRL) Description amended
... or areserved area* (in the H8S/2244, H8S/2243, ...

16.5.3 Programming 541 Description amended

Precautions

¢ The size of the PROM is 128 kbytes. Always set addresses
within the range ...
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17.7 Note on Crystal 553  Section 17.7 added

Resonator
18.6.3 Setting 565 Table 18.4 amended
Oscillation Stabilization 20 16 12 10 8 6 4 2
Time after Clearing STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit
Software Standby Mode 0 0 0 8192 states 041 051 068 082 1.0 14 20 41 ms
o 1 16384 states 082 10 14 16 20 27 41
Table 18.4 Oscillation 1 o 32768
o ; states 16 20 27 33 41 55 [82]164
Staplllzatlon Time 1 65536 states 33 41 55 66 16.4 32.8
Settings 1 0 0 131072 states 6.6 164 218 32.8 655
1 262144 states  [13.1 |16.4 21.8 26.2 32.8 437 655 1311
1 0 Reserved - = = = = - = — —
1 16 states 08 10 13 16 20 27 40 80 s
18.7.1 Hardware 567 Description amended

Standby Mode ... Ensure that the RES pin is held low until the clock oscillation

stabilizes (as least t_.,0 the oscillation stabilization timeO ...

'0OSC1

19.5 A/D Conversion 597 Table 19.9 amended
Characteristics Condition A Condition B Condition C
Table 199 A/D Item . Min Typ Max Min Typ Max Min Typ Max U}nit

. Resolution 10 10 10 10 10 10 10 10 10 bits
COﬂVerSlO.n ) Conversion time 131 — = 9.8 — = 6.5 — = us
Characteristics o R
A.1 Instruction List 603 (1) Data Transfer Instructions
Table A.1 Instruction Note * added
Set LDME STM#

Note: * Only register ERO to ER6 should be used when using
the STM/LDM instruction.

607 (2) Arithmetic Instructions
Note * added

Note: * Only register ERO, ER1, ER4, or ER5 should be used
when using the TAS instruction.

Table A.4 Number of 633 Notes *3 and *4 added
Cycles in Instruction LDM*
Execution

637 STM*¥ TAS*

Notes: 3. Only register ERO to ER6 should be used when using
the STM/LDM instruction.

4. Only register ERO, ER1, ER4, or ER5 should be used when
using the TAS instruction.
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Appendix B Register
Field

659 DTVECR H'FF37 DTC
Figure amended
Bit : 7 6 5 4 3 2 1 0
’ SWDTE ‘ DTVECG‘ DTVECS‘ DTVEC4‘ DTVECS‘DTVECZ‘ DTVECl‘DTVECO‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write :  RI(W)*1 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 R/I(W)*2 R/(W)2 R/(W)*2
Sets vector number for DTC software activation
DTC Software Activation Enable
0 | DTC software activation is disabled
[Clearing conditions]
* When the DISEL bit is 0 and the specified number of transfers have not ended
» When 0 is 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 activated by software
Notes: 1. A value of 1 can always be written to the SWDTE bit, but 0 can only be written after 1
is read.
2. Only write to bits DTVEC6 to DTVECO when SWDTE is 0.
662 SCKCR HFF3A Clock Pulse Generator
Figure amended
Bit : 7 6
| PSTOP | —
Initial value : 0 0
Read/Write : R/W R/W
680 SSRO H'FF7C SCIO

Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register 681 SSRO H'FF7C Smart Card Interface O
Field Note *2 added
R/(W)* DTC#*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
689 SSR1 HFF84 SCI1
Note *2 added
R/(W)* DTC#

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

690 SSR1 H'FF84 Smart Card Interface 1
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

698 SSR2 H'FF8C SCI2
Note *2 added
R/(W)* DTC#

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

699 SSR2 H'FF8C Smart Card Interface 2
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register
Field

702

ADCSR H'FF98 A/D Converter
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

705

TCSRO H'FFB2 8-Bit Timer Channel 0
TCSR1 H'FFB3 8-Bit Timer Channel 1
Note *2 added
R/(W)* DTC*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

707

TCSR H'FFBC(W) HFFBC(R) WDT
Note *2 added
R/(W)*!

Overflow Flag [Clearing condition] Cleared by reading TCSR
when OVF = 1, then writing 0 to OVF*

Notes: The method for wiitngto ... .~~~
1. Can only be written with O for flag clearing.

2. When polling OVF with the interval timer interrupt disabled,
read TSCR twice or more while OVF is set to 1.

709

RSTCSR HFFBE(W) HFFBF(R) WDT
Figure amended

Watchdog Timer Overflow Flag [Clearing condition] Cleared by
reading RSTCSR when WOVF = 1, then writing 0 to WOVF

716

TSRO HFFD5 TPUO
Note *2 added
R/(W)* DTC#

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.
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Appendix B Register 722 TSR1 HFFE5 TPU1
Field Note *2 added
R/(W)* DTC#*

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

728 TSR2 HFFF5 TPU2
Note *2 added
R/(W)* DTC#

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer
counter not being 0.

Appendix H Package 771  Figure H.1 replaced
Dimensions

Figure H.1 FP-100B
Package Dimensions

Figure H.2 TFP-100B 772  Figure H.2 replaced
Package Dimensions

All trademarks and registered trademarks are the property of their respective owners.

Rev.3.00 Mar. 26, 2007 Page xxviii of xlii
REJ09B0355-0300
RENESAS



Contents

SECHON L OVEIVIBW ...ttt sttt 1
O @ 177 VT PSS 1
1.2 Internal BIOCK Diagram......ccccccicieiieieiesiesieseeteeee e sesre e sae st sseesaesaesse e snesresseesaensessenseses 6
TR T = 1 DTS o1 o P 7
IR T R = a1 4 =00 = 0 1= o | 7
1.3.2 PinFunctionsin Each Operating MOde ..........ccooiierieininieineseee e 8
1.3.3  PINFUNCHONS ..ottt st s 12
SECHON 2 CPU ...t 19
P2 R @ V= V1= SRR 19
N O R = (1 == OSSPSR 19
2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU ..........cccccevvvieveveriennn 20
2.1.3 Differencesfrom H8/300 CPU........cccoiiririiiiiisere e 21
2.1.4 Differencesfrom H8/300H CPU.........cccooiiiiiiiineneeieee e 21
2.2 CPU Operating MOOES........ccoeiuiiierieeeeiesies e stesteseseesaesaestesaestessessesssessessessessessessessesssensnns 22
P22 T A0 0= S oo RS 27
24 ReQIStEr CONfIQUIELION.....cceiiiieieetieeestes e st st e e s e e sre st sse e e e naestesresresreeneenneaeneesrens 28
A R © V= V= ST 28
242  GENEral REJISIEIS. .. .ottt 29
243  CONrOl REJISIEIS ...vieieeeiirtieeierie ettt s 30
2.4.4 Initial REGISIEr VAIUES.......ccueeeieecieseere e sttt e sne e 32
25 DEAFOIMELS.......ccoieeieeeee e e e e 33
251 Genera Register Data FOrmMatS........ccocevvieeirecicie e 33
252  Memory Data FOMMELS.........ccooiiiiiiicieiese e s 35
2.6 INSITUCHION SEL ...ttt et b et e et e s be b e s be e e ene e e e naeseesnens 36
P R © V= V= ST 36
2.6.2 Instructions and Addressing MOdES...........ccceverrreneeieeiesese e 37
2.6.3 Tableof Instructions Classified by FUNCLION .........ccccceeeveieie i 39
2.6.4 BasiCINSrUCLION FOMMALS ......ccoierieiiierieesie ettt 49
26,5 Noteson Use of Bit Manipulation INSIrUCLiONS..........coeeririeeneneeneseese e 50
2.7 Addressing Modes and Effective Address Calculation.............ccocoeeeriiincicnccsescnens 50
271  AdressiNg MOOES ..ottt 50
2.7.2 Effective Address CalCUlEtion ...........ccocuveerineeneneneneseese e 53
T = (010> 10 [ = =S S 57
P T O V= oV 7= T SO 57
A = (= S - 1 XSRS 58
2.8.3 EXception-Handling SEALE........c.ccieirerieinienieese e 59

Rev.3.00 Mar. 26, 2007 Page xxix of xlii
REJ09B0355-0300
RENESAS



2.8.4  Program EXECULION SEALE..........ccuriruiieririeieiesieie et 61

285 BUSREEASEA SEALE......cccovceiireierereeee e 61
2.8.6  POWEr-DOWN SEALE........ociiiiiiiiiiic 61
P28 B = T T o T o 11 oo S 62
2.9. 1 OVEIVIBW. c.eeeieiitieeeet ettt ettt bbbttt b et b e e bt b n e 62
29.2  On-Chip Memory (ROM, RAM) ....cooiiiiiireininieesieseeesie e 62
2.9.3 On-Chip Supporting Module ACCESS TIMING ....covrverrirrenieerierieese e 64
2.9.4 Externa Address Space ACCESS TIMING ...cvvvreieeeeieererieseseseseeee e eseeseesee e seens 65
200 USAOE NOLES.....eiiiiiciee ittt sttt st st st saa e e st e e sat e e s abe e nate e sabeenbae e snneenareas 66
2.10.1 TASINSTUCHION....cutiiieiierreieseseeees e 66
2.10.2 STM/LDM INSLUCHION ...ttt s 66
2.10.3 Bit Manipulation INSIUCHIONS .......ccveuerviieierierieinieseeesi e 66
2.10.4 Access Methods for Registers with Write-Only Bits.........cocooeeiiiinciniincne 68
Section 3 MCU Operating MOUES.........c.oveieeneeineeneeieesssesssesessessssssssssssnees 71
Bl OVEIVIBW .ottt R et et R R R R n s 71
311 Operating Mode SEIECHION .......ccucueriiiciriie e 71
312 Register CONfiQUIaLION.......cceouerirrieeiirtiiei sttt 72
3.2 REQISIEr DESCIIPLIONS. . .cueitieeieeterteieste sttt b et n et s s e e e 73
3.21 Mode Control Register (MDCR) ......cccviieieeriiiesie e seseeee s ee e se e seenee e 73
3.22 System Control ReGIStEr (SYSCR) .....ccveieiiiieiereceeseeesese s see e snens 73
3.3 Operating MOde DESCIIPLIONS ......cveiereieisieseeee e e seste e e e ae e st sae e e e eaesresresneens 75
B.BL MO L.ttt bbbt bbb 75
332 MO 2.ttt n e 75
333 MO 3.ttt bbbt bbb 75
3. 3U4 MO A ... 76
385 MO S ... 76
336 MO B 76
3BT MOOE 7.ttt bbb bbbttt e e 77
3.4 PinFunctionsin Each Operating MOde...........ccoeiiinieinineneeeee e 77
35 Memory Map in Each Operating MOde ..o 78
Section 4 EXCEPtion HaNAIING ..ot eesssssssssssssseees 93
O @ Y= VT ST 93
411 Exception Handling Types and Priority ... 93
412 Exception Handling OpEration ..........coeeiereeineneine s 93
4.1.3 Exception Sources and Vector Table.........ccoeireirineneinereeseeee e 94
4.2 RESEL...eieeiceiert et R R e 96
421 OVEIVIBW...coiiieieieieees ettt r et e st e b s r et e nas 96
422 RESEL TYPES ..ttt sttt r et ne e n b 96
4.2.3  RESEL SEOUENCE ......eeiviiieeieeiereste sttt st s r et snens 97

Rev.3.00 Mar. 26, 2007 Page xxx of xlii
REJ09B0355-0300

RENESAS



424 INterruptS after RESEL... ..o e 98

425 State of On-Chip Supporting Modules after Reset Release........ccoveceevevvcvecnee 98
e B 01 1 (10 USSR PPUPPRUPRPRN 99
R 1 - o T 11 1 0 o1 o PSR 100
45  Stack Status after EXCeption Handling.........cccoeveiiereiienese e 101
4.6 NOteSON USE Of the SEACK ....c.oiiiiiiieeeee e s 102
Section 5 INterrupt CONLrOIEN ... 103
ST A @ V= V1= TSR 103
LT O R = (1 == OSSPSR 103
512  BlOCK DI8OIAM ....cecuiitiieiiiiiieisiese sttt 104
513  Pin ConfigUration........ccocureeeirieeiriiieesieseeesie e s 105
514 Register CONfiQUIaLioN........cccoiiuirieiriinieiniesieesie ettt 105
IV = =0 11 (= D 1= o ] o) 0] 1S 106
521 System Control ReGIStEr (SYSCR) ...cvcveiiiiiriesece e s stese e e s e 106
5.2.2 Interrupt Control Registers A to C (ICRA tO ICRC).....ccccccevevvnvreeieeerece e 107
523 IRQEnable RegIStEr (IER) ....ccceceeririiiririeirieiene et 108
524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL) .......cccecvineiininieeniene. 108
525 IRQ Status REGISIEr (ISR)...ceriiueuierieieririeieiesiete sttt seenas 109
5.3 INEEITUDPE SOUICES. ....oitiiiitieiiit sttt ettt st e sae e b s sbe e st eebe e sabessbeesabeesnneesanes 111
L N R o d (= 7= ) =T o] £ 111
Lo I 1 0\ = 7= B ) = o] (=T 112
5.3.3 Interrupt Exception Handling Vector Table..........cccoeieininiiineniseeceee 112
5.4 INEETUPL OPEIEIION. .....cueitieeiiitiieeesieste ettt b et b et b e st s b e e e 116
5.4.1 Interrupt Control Modes and Interrupt Operation ..........cccccveeeeenereienenenesennene 116
54.2 Interrupt Control ModE 0........cceiiieiiiiciceeeee e 119
54.3 Interrupt Control MOAE L........ccoeiiiiiieeeeeee e 121
5.4.4 Interrupt Exception Handling SEQUENCE ........cccvvveeeeeeieere e 124
545 Interrupt RESPONSE TIMES .....coveiiiiiieieiesie ettt 125
5.5 USAOE NOLES ... .ot e e 126
55.1 Contention between Interrupt Generation and Disabling.........c.ccoceevrereccneniennn. 126
5.5.2 Instructionsthat Disable INtErTUPLS......ccevveereeicie e 127
55.3 Timeswhen Interrupts Are Disabled .......cccovvvivcececiesccec e 127
5.5.4 Interrupts during Execution of EEPMOV INStruction..........cccceeevvecveveeveseenenne. 127
555  TRQ INEITUDL. ..ot s 127
556 NMI Interrupt USBgE NOLES........ccviiiiiieeeree e 128
56 DTC ACHVAioN DY INEEITUDL......cciiiieiieieee et 128
BB. 1 OVEIVIEW ..ottt sttt st st b st s sttt st st st ee et e ees 128
N S =1 Lo o [ B I o - o [ 129
LN S T @ o= - 1 o] o [P 129

Rev.3.00 Mar. 26, 2007 Page xxxi of xlii
REJ09B0355-0300
RENESAS



6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

L@ VTSP RSP 131
L0 O R = (1 == TSRS 131
(S0 W2 =1 Lo o [ Lo | - o ST 132
6.1.3  Pin CONfiQUILioN..........ccuruirieieireeisiesieeet st 133
6.1.4 Register CONfiQUIELION........ceieeuirtieeiirieietisieree sttt 134
REGISIEr DESCIIPLIONS.....c.ecviiteeeieiteeet ettt ettt se e b 135
6.2.1 BusWidth Control Register (ABWCR).......cccocivieeieeerereseseseeae e sreseenens 135
6.2.2 Access State Control Register (ASTCR) .....cceveeeeeerere e seesie e snens 136
6.2.3 Wait Control RegistersH and L (WCRH, WCRL).......cccccevvrievrnereseceerenie e 137
6.2.4 BusControl Register H (BCRH) .......ccciiiriiiriieirieeseeeseeseeese s 141
6.25 BusControl Register L (BCRL) ...ccoviviiririiieirieeeses et e 143
OVErVIew Of BUS CONLIOL .......cceiieieie ettt st s sre e enean 145
6.3.1  AreaPartitioniNg........cccevviiieeieieses s et enen 145
6.3.2  BUS SPECITICALIONS......ccue it n s 146
6.3.3  MEMOrY INLEITACES. ......ecieiecee et e ae e enaennaenreens 147
6.3.4  AQVANCED MOUE.... ..ottt st neas 148
6.3.5  Areasin NOrmMal MOE .......cccoiiriiiieieee et 149
6.3.6  Chip SElECt SIgNAIS.....cuiiviiciitiect e 150
2 S ol 1T 011 o S 150
6.4.1 On-Chip Memory (ROM, RAM) ACCESS TIMING .....coerererereeeeieseesie e erenseenens 151
6.4.2 On-Chip Peripheral Module ACCESS TiMING.....ccccveruereriererereseeeeseesieseesreseennens 152
6.4.3 External Address Space ACCESS TIMING .....ccvrerrereririeirinieeses e e 153
BaSiC BUS INLEITACE ......coviieiie ittt st 153
Lo R @ V= oV = PSSRSO 153
6.5.2 DataSizeand Data AligNMENt........ccccvivririeeie e 153
6.5.3  Valit SIrODES......couiieiieieree e e 155
6.5.4  BaSIC TIMING...cccieiieieieiiseseseeeestes e s ste e ere e e sae e sreste s e esee s eaeneesresresseenenneenes 156
6.5.5 WAL CONLION ..ottt e saesne s 164
BUISt ROM TNEEITACE. .....eoeeie ettt st s 166
B.6.1  OVEIVIBW...cneiieieecieeieeteeee ettt ettt sttt e e e et et e s besaeeaeeneenteneenbeneennens 166
6.6.2  BaSIC TIMING....cciieeieiiesieseseseeeesees e sre e e eseeeesee e sreste s e eae e s eseseesresresneenennnenees 166
LT B Y = 1 o 11 o TS 168
Ko (T @Yo = S 169
B.7.1  OPEIELION ...ttt b et b e bbbt b bt e e bt e e s aes 169
6.7.2 PinStatesin [dle CYCle.. ..o s 172
BUS REIEASE. ...ttt ettt ettt ettt ne e e 172
Lo ST A O Y= oV T 1 TP 172
(SRS © o= ¢ 1 o] o [0SR 172
6.8.3 Pin Statesin External Bus Released State..........coevverieeninieienenee e 173
6.8.4  TranSition TIMING ......cccoreeririieirieer bbb 174

Rev.3.00 Mar. 26, 2007 Page xxxii of xlii
REJ09B0355-0300

RENESAS



6.8.5  USBHE NOLE.......coiiiiieriieee e e e 175

6.9 BUSATDITIAION. ...ttt ettt 175
B.9. 1 OVEIVIBW ..c.eiuiiiiieetitee ettt b bttt st et nbe s 175
(SRS T2 © o= ¢ 1 o] o [P 175
6.9.3  BUSTransfer TiMiNg.......ccoeoririiiirieiee e 176
6.9.4 External Bus Release USage NOLe..........ocuciiiicineeee e 176
6.10 Resetsand the BUS CONIOIES .........coieiiieiesesese et neens 176
Section 7 DataTransfer CONtrOIES ..o 177
A% R @ V= 1= SRR 177
0 T R = (1= T PSPPSR 177
7.1.2  BlOCK DIBOIAIM .. .ceiuiitiieiisiiieeeesee sttt e 178
7.1.3  Register CONfiQUIaLON. .......ccciiuirieiriiieisieseeese et 179
FAZ = =0 1= (= D 1= o ] o) 0] 1S 180
721 DTCMode ReGISEr A (MRA) ...oiiiieece ettt e 180
722 DTCModeRegIiSter B (MRB)....ccccoieiiiinieisiereee sttt st 182
7.23 DTC Source Address RegIStEr (SAR) ....cciirieiririerisieie e 183
7.24 DTC Destination Address Register (DAR) ......cccooeiieneineneeseneee e 183
7.25 DTC Transfer Count Register A (CRA) ..ot 184
7.2.6 DTC Transfer Count RegiSter B (CRB)......ccccevevievieiecieresie et 184
7.27 DTCEnable RegiSterS (DTCER) ........coueirieiririeeeie ettt 185
7.28 DTCVector Register (DTVECR) .....cccoviiiereirieriee et 186
7.29 Module Stop Control Register (MSTPCR) ......cccoooieiiniienieesereeere e 187
S T © o= - (o OSSPSR PR 187
S T R © V= V= S RTT 187
7.3.2  ACHVELON SOUMCES......ceeiiiierieie sttt sttt sttt st st 189
7.3.3 DTCVECION TADIE.....eoiciiieee e e 191
7.3.4 Location of Register Information in Address Space.......ccocvvvveeeeveeieveeseseeeenns 194
7.3.5  NOMEI MOUE.......ooiiiiieeee et re e enes 195
7.3.6  REPEA MOUE.......cietiiieicte ettt sttt ae et aene e 196
7.3.7  BlOCK Transfer MOOE........coeeieieiiiese e 197
7.3.8  Chain TranSfer ....cviiieece e st 199
7.3.9  Operation TIMING......cccoeiiererereeeeeeseesesese e e e st e e sresre s e essesaesresresneeneeseenseses 200
7.3.10 Number of DTC EXECULION SEALES.......ccuerveirieieiriiieesieie st 201
7.3.11 Proceduresfor USINg DTC.....cooiiiiiciriereeese et 203
7.3.12 Examplesof USe of tNE DTC ..ot 204
T4 INEEITUDES. ..ot et r e e e n e e r et e e renre s 206
A T U L2 o = N [ PP PP PR 206
SECHON 8 /O POIS ...ttt 207
ST R @1V V1= 1 SO 207

Rev.3.00 Mar. 26, 2007 Page xxxiii of xlii
REJ09B0355-0300
RENESAS



8.2 POt L e e 213

ST R O Y= oV 7= 1 TP 213
8.2.2 Register CONfiQUIAtiON.....ccccceieiiiiecieeeies e ste e ee e e st eeaesreseesrenneas 214
8.2.3  PINFUNCHIONS .....ciiietiiiiieiisie ettt sttt se e nnenes 216
ST T o1 RS 224
o R © V= V= Y PSSRSO 224
8.3.2 Register CONfiQUIELION.......cceieeuirtiieieriiieierie ettt 224
8.3.3  PINFUNCHIONS ..ottt sttt st sa e neenes 227
ST o 1 S TSRS 229
S A O Y= oY= 1 TP 229
8.4.2 Register CONfiQUIELION.......cceieeeiitieeiirtiietesieree st 229
8.4.3  PINFUNCHONS ..ottt e et se et saesne s 232
B.5  POM 4.ttt R At R et et et et eneenenranen 234
TSI A O Y= oV 7= 1 TR 234
8.5.2 Register CONfigUIatioN........ccccveriieeeeieiere st e e se st e e e see e srenneas 234
8.5.3  PINFUNCHIONS. ..ottt st b e ne s 235
G2 T o1 O OSSR 236
B.6.1  OVEIVIBW. ..ttt sttt ettt sttt et et e e te st e besaeebe e e enteneeneennennens 236
8.6.2 Register CONfiQUIELION........ceiveeireieeierieieiesiese ettt 236
8.6.3 PN FUNCHIONS ..ottt sttt b neenes 239
S o 1 NSRS 240
S R O Y= oV 7= 1 TSP 240
8.7.2 Register CONfIQUIELION........ceieeuirtieeierieietestesee st 240
8.7.3  PINFUNCHONS ..ottt sttt e et et snesne s 244
8.7.4  MOSINPUt PUl-UP FUNCHION.....c.coiiiiieiiriirieieiereeeei e 246
SIS R o1 = PSSP 247
SRS T A O Y= V7= 1 TP 247
8.8.2 Register CONfiQUIatioN.......ccceieieieeeieieiese st e e te e eeae e eesrenneas 248
8.8.3  PINFUNCHONS ..ottt sttt et saesne s 250
8.8.4 MOSINPut PUl-UP FUNCHION.......cciitiieiriirieieereeeei s 252
LS00 A SRS 253
I I A O Y= oY= 1 TP 253
8.9.2 Register CONfiQUIatioN.......ccccveeiiieeieierere s see e et eeaesee e srenneas 254
8.9.3  PINFUNCHIONS ..ottt sttt ss e neenes 256
8.9.4  MOSINPUt PUl-UP FUNCHION.......cciiiieiiriirieieeneeeei e 258
G300 oo I SRS 259
B.10.1  OVEIVIBW...cneiie ettt sttt ettt sttt esbesbe e e ee st e s besbesae e st e e enteseesbesreeneeneenean 259
8.10.2 Register CONfiQUIatioN.......ccceieeireeiestese et see e ee e et sre st eenes 260
8.10.3 PiN FUNCHIONS ..ottt ettt e s 262
8.10.4 MOS Input PUll-UpP FUNCLION.......cceieieiceee et 264
530 T o4 SRS 265

Rev.3.00 Mar. 26, 2007 Page xxxiv of xlii
REJ09B0355-0300
RENESAS



8.11.2 Register CONfiQUIatioN......ccccvieiieeieeeese e e et ene e e s 266
8.11.3 PiN FUNCHIONS .....couiitiiieiete sttt sttt s sttt sbe st 268
8.11.4 MOS Input PUll-UpP FUNCLION.....c..ciiiiiieeceeeeee et 270
ST o 4 B SRS 271
S D R O V= V= RSP 271
8.12.2 Register CONfIQUIBLION. .......ceeviieeeeierieente sttt 272
8.12.3 PiN FUNCHIONS ..ottt ettt s sttt st st 274
ST G o 1 A TSR 277
8131 OVEIVIEW ..ttt sttt sttt sttt sttt b et n e st ne e st ne s ee 277
8.13.2 Register CONfIQUIBLION. .......ceeviieeeeierieieete ettt 278
8.13.3 PiNFUNCHIONS ....otiiiitieeeie ettt sttt st 281
8.14 Handling Of UNUSE PiNS.........coiiiiieieieieee ettt 283
Section 9 16-Bit Timer Pulse UNit (TPU) ..o 285
TN A @ VT SRR 285
LS R = (= T USRS 285
9.1.2  BIOCK DIBOIAIM ....cuecuiitiieiisiiieistesteest sttt 289
9.1.3  Pin CONfigUIELioN. .......ceeuiriiieiiriieiest et 290
9.1.4 Register CONfiQUIatioN.......c.coviieierieiecieieesese e e s e sae et e e see e e sreens 291
(S I 250 11 (= D 1= o ] o) o) 1S 292
9.21 Timer Control REQISLEr (TCR) ...ccecveieieeeeeeieiesees e ee e sae e et e e sne e 292
9.22 Timer Mode Register (TMDR) ..ottt e 296
9.23 Timer I/O Control ReGIStEr (TIOR) ....ccuecviirieiriirieieesieiee e 298
9.24  Timer Interrupt Enable Register (TIER) ........cccoiieirinierieere e 307
9.25 Timer Status REGISLEr (TSR) ...eieeeeieiire st 309
LS 2 ST 0= @0 TN T = g (X1 ) 313
9.2.7 Timer General REGIStEr (TGR) ..cuecveeecieieeresie e see e st sne s 313
9.28 Timer Start REGISIEr (TSTR)....eciiiieirieieerieieese e 314
9.29 Timer Synchro ReGISIEr (TSYR) ..ccueiveiiriiieiee et 315
9.2.10 Module Stop Control Register (MSTPCR) .......ccccoveiirireneesereese e 316
0.3 INErfaCetO BUSIMESIEN .......oiuiiiiieiieeeee et e 317
9.3 1 16-Bit REGISIEIS .ottt 317
0.3.2  B-BIt REQISIEIS ..ottt bbb 317
0.4 OPEIBLION. ...ttt ettt b e s bbb bRt b R R bbb bt nh e nne 319
S R © V= V= S RUT 319
9.4.2  BaSIC FUNCHIONS.......couiiiiie ettt sttt sne e 320
(SR GRS Y/ v a 001010 ST @] o 1= - 1o S 325
Lo R ST 1 (= G @< =[] o S 328
945 PWM MOUES....c.couiiiiriiiriisieie ettt bbbt s ee e 331
9.4.6 Phase Counting MOUE.........ccoieiiirieee ettt e e 336

Rev.3.00 Mar. 26, 2007 Page xxxv of xlii
REJ09B0355-0300
RENESAS



0.5 INEEITUBES. ..ot e 341
9.5.1 Interrupt SOUrces and Prioriti€S........cccviveerieeierere et 341
9.5.2 DT C ACHVALION.....ciuiietiriiieterieeete sttt ettt st e s e e s nsenes 342
9.5.3  A/D Converter ACHVALION.........covveeiriieirie st seenes 342
9.6 OPEraLioN TIMING....couerreueerereeeetereeeete ettt es et se et sr s bese e ebe e e e esess s esesb e s esesne s ene s 343
9.6.1  INPUL/OULPUL TIMING ....veviuieiirteieieseeieesiee e 343
9.6.2 Interrupt SIgNal TIMING ...ccoerieiiireieeee s 348
0.7 USAOE NOLES....eeiiiiictee ettt st s saa e st enaa e e s st e e naa e e sabeenbee e sneeennreas 352
SECtioN 10 8-Bit TIMENS. ...ttt 363
O R @ Y= VT RSP TPR 363
O {1 SRS 363
10.1.2 BIOCK DI@QIaM....ccueiveueiuerieieniesieesie et sttt sttt sb et st sb e e 364
0 RS = T o T @ 1 [0 (o) o 365
10.1.4 Register Configuration.........cccerereieseseeeeieesesesresre s e eee e see e saesre s e esesaeseesneens 365
10.2 ReQiStEr DESCIIPLIONS ... .eiuieeieieeetesiesteste s esee e e ste s e te e s e e e e aessesbesresresseeneeseeseeeeseesrenses 366
10.2.1 Timer CountersOand 1L (TCNTO, TCNTL) ...ccvcvvereeiiereeese e e sieseeesreseeseenens 366
10.2.2 Time Constant Registers AO and A1 (TCORAO, TCORAL) ....cccvvviveeirerieennns 367
10.2.3 Time Constant Registers BO and B1 (TCORBO, TCORBL).......cccccerrieererirenenn 367
10.2.4 Time Control Registers0and 1 (TCRO, TCRL) ....cccevevievvnereeeereere e seeseeeenes 368
10.2.5 Timer Control/Status Registers0 and 1 (TCSRO, TCSR1).....ccccccevvrvreeerereenenns 370
10.2.6 Module Stop Control Register (MSTPCR) ......cccvveerierevesereeee e 373
L0 B @ 1< - 1 (o] o RO P ST P T OTUR PSP PRTURPPRPRPIN 374
10.3.1 TCNT Incrementation TiMiNG ......coeoeererererermeesreseeesreseesesreseesesreseeseesesseseesens 374
10.3.2 Compare MatCh TIMING.......ccoreeeerieinierieietese ettt ere e eere s 375
10.3.3 Timing of External RESET ON TCNT ....cccoviiiiece e 377
10.3.4 Timing of Overflow Flag (OVF) SEttiNg ......ccccevvrerereriecereese e 377
10.3.5 Operation with Cascaded CONNECLION........c.ccceeeeierere e e 378
104 INEEITUDPE SOUICES......cviieiiririierieieeieete st sttt s r et e e se e resresr e sr e nnenns 379
10.4.1 Interrupt Sources and DTC ACHVALION ........ccveerieieeirieeeereeee et 379
10.4.2 A/D Converter ACHVALION.........ccoeeiierierise et s 379
OIS == 041 o [SW A o] o] [ Tor= ! (o) o S 380
L10.6  USBGE INOLES....coiiei ittt ettt ettt st st st nbe e e b e e e nbe e sabe e s nbeeebeeessaeenate s 381
10.6.1 Setting Module StOP MOTE.........ccviieieieeie e se e 381
10.6.2 Contention between TCNT Write and Clear..........ccocoveveeiererene e 381
10.6.3 Contention between TCNT Write and Increment ...........ccoceveveneveneneeieeneenies 382
10.6.4 Contention between TCOR Write and Compare Match ..........coeeeevencenenenens 383
10.6.5 Contention between Compare Matches A and B ........cccccevveeeveie s 384
10.6.6 Switching of Internal Clocks and TCNT Operation...........cccceevevevesesesesieesnens 384
10.6.7 Interrupts and Module StOP MOGE.......cccecerereeeeesese e 386

Rev.3.00 Mar. 26, 2007 Page xxxvi of xlii
REJ09B0355-0300

RENESAS



Section 11 WatChdog TIMEr ...t 387

P11 OVEIVIBW ...ttt ettt b e bt b s e b et e b e s e bt nner s 387
L1101 FEBIUMES....ceeeeeeeestet sttt b et n e nn s 387
11.1.2 BIOCK DI@Qram....c.ccueeeeieiiesiesiesiestesieeae e ste e st ste e esaesae e s resreste e essenaeneesnessesneens 388
11.1.3 Pin CONfIQUIBLION. .....citiieeirieietesieseei sttt sr e e sre e 389
11.1.4 Register CONfigUIratioN........ccoeoeeirieirerieeee sttt b e ere b sre e 389

11.2 ReGISIEr DESCIIPIIONS .. ..ttt ettt sn et nn s 390
11.21 Timer COUNEr (TCONT) .eoeereeriiriereesreere e 390
11.2.2 Timer Control/Status ReGIStEr (TCSR) ....ccvveeeeeiere st 390
11.2.3 Reset Control/Status Register (RSTCSR) ......cccveveverevineneereseeeeeseese e sresnens 392
11.2.4 NOLES ON REGISIEr ACCESS.....cviieuirtiieiirtisteest sttt ne s 394

RS B @ 1< - 1 (o] o I TSSOSO 396
11.3.1 Watchdog Timer OPEration .........cceerereeerireeinie et 396
11.3.2 Interval Timer OPEIratioN ........ccccveiererieieseseeieeiesees e see e sseeseeseesees e sresresseeseennens 398
11.3.3 Timing of Setting Overflow Flag (OVF) ... 399
11.3.4 Timing of Setting of Watchdog Timer Overflow Flag (WOVF) ......ccccceeevevienene. 400

I 1 1= 1 U £ TPV P PR 400

115 USBGENOLES....c.ceiiiiiieieie sttt r et r e s r et nn e r e 401
11.5.1 Contention between Timer Counter (TCNT) Write and Increment ............c........ 401
11.5.2 Changing Value of CKS2 t0 CKSO.......cccccviiiirsireeiereese et se e seenae s 401
11.5.3 Switching between Watchdog Timer Mode and Interval Timer Mode................ 402
1154 System Reset by WDTOVE SigNal ......cccoeivimeinenieenreees e 402
1155 Internal Resetin Watchdog Timer MOGE..........ccoevveeririeininecesieseese e 402
11.5.6 OVF Flag Clearing in Interval Timer MOde..........cccovveininieienineenceeseseeeees 402

Section 12 Serial Communication Interface (SCI) ..., 403

12,1 OVEIVIBW ...ttt r et b e e et e b b ne b et neen e e rer e ns 403
12,01 FEBIUMES....ceeeeeeiestete sttt ettt r et n e nn s 403
12.1.2 BIOCK DI@QIaM.....ccveueeterieieeierieeete sttt eb bbb ebe b e b b e enesresnenesneneas 405
12.1.3  Pin CONFIQUIBLION. .....citieetirieieiestereete sttt sr e e sne e 406
12.1.4 Register CONfigUIaLioN........ccoeeririeinerieise sttt b e ere e enesre e 407

12.2 ReQiSIEr DESCIIPLIONS .....uiiieeieeeeiereese et ste e e e s e e te et seesa e e e e saesresresneesee s eneeseeneenreens 408
12.2.1 Receive Shift RegIStEr (RSR).....cvrrreierreererieiesreesesre e 408
12.2.2 Receive Data Register (RDR) .....cccoveieireenirieieseeserieeses e 408
12.2.3 Transmit Shift REGISIEr (TSR) ...c.everieirireerereee e 409
12.2.4 Transmit Data RegiSter (TDR).....cccovueiririeieirieeeesieeeieseeee e 409
12.25 Serial Mode RegIStEr (SMR)....cucuiiiiriiiieierrieeesee e e 410
12.2.6 Serial Control REGISLEr (SCR).....ccveieeierieriesesesteseeieseesese st sre e esaeseeeesnesre e 413
12.2.7 Serial Status REGISLEr (SSR)...cvcvvuerrrreireeieermnreiresree s 417
12.2.8 Bit Rate RegiSter (BRR) ....ccovviiiireeieirieenerieieesre s 421
12.2.9 Smart Card Mode Register (SCMR) .....veveeiriirieiriinieesiesieese e 430

Rev.3.00 Mar. 26, 2007 Page xxxvii of xlii
REJ09B0355-0300
RENESAS



12.2.10 Module Stop Control Register (MSTPCR) ........cooeveiiereeneneeeesre e 431

220G T @ o 1= - o o S 432
12.3. 1 OVEIVIBW...ueitiieieeiesieieete sttt sttt sttt be st se b bese s sbesee st be st et ebeseenesbesaenenrens 432
12.3.2 Operation in ASynchronOUS MOGE.........cccueveiireieeieerese s 434
12.3.3 Multiprocessor CommuniCation FUNCLION ..........ccvvereeiinennineneese e 445
12.3.4 Operation in Clocked Synchronous MOdE............ccoeerereneeneneese s 453

12,4 SCIINEEITUDBES. ...ccueieeteieiste sttt s r et e e renn s 462

12,5 USBGE INOLES....coiiie ittt sttt sttt s b et st e bt e e b e e e nbe e eabe e e nbeeebeeenaeeennne s 464

Section 13 Smart Card INLEITACE.........coceieeeeee e 473

ST R @ Y= VT RSP PR 473
T = (=SS 473
13.1.2 BIOCK DI@QIaM....ccueieeueiterieiesiereeesie ettt sttt sttt s 474
TN RS I = T o T o0 1 [0 (o) o 475
13.1.4 Register Configuration.........cceveieiesiereeeeieesesesresteseeee e sre e sne st eenaesneseesne e 475

13.2 ReQISIEr DESCIIPLIONS ... .ecueeieeieeeiesteste st eeetee e e ste s e e e re e e e tesrestesresresseeneesaeseeeeseenrenes 477
13.2.1 Smart Card Mode RegiSter (SCMR) ......ooueieiiriiieerierieesie et 477
13.2.2 Serial Status REGISLEr (SSR) ....cvrvrueririeiririeie st 478
13.2.3 Serial Mode RegISter (SMR)......couiuiiiiirieririerereeree e s 480
13.2.4 Seria Control REGISLEr (SCR).....ccviirierieeeresese s stesieeaeseeste e s e eaesnesne e e 481

TG T @ o 1= - 1o o S 482
13,31 OVEIVIBW...ueitiieieete ettt sttt s e sttt be st e se st see st be st e e ebeseeneebesaenenbens 482
13.3.2 PiN CONNECLIONS. .....coeiiereisie ittt sttt st st see e eneenes 483
13.3.3 DEtBFOIMEL ......c.eeeeieiieie ettt sb e e e e ae b b en 434
13.3.4 REGISIEr SEINGS ....eiveeeieiterieieeie ettt 485
IS LT TSSO 488
13.3.6 Data Transfer OPerations.........ccccoceeererererieeieeseesieseeseseeseeseesseseeseesresseeseeseenseses 490
13.3.7 Operation iNn GSM MOGE ........ccveieeieriesiesie et re e e s 497

134 USBGE NOLES......coueiieie ittt et sr e r e er e e e nr e ns 498

SECtiON 14 A/D CONVEITET ... ssssenens 503

LA L OVEIVIBW oottt st sttt ettt e et st et et e s te e et e s b e e et e st e e ebesbe e ebesbeneebesbeseeseneeneas 503
T4 11 FEAIUIES. ..ottt ettt sttt sttt b e sb e e et e st e seebesbe st ebesbeneenenbeneas 503
270 2 = 1 o Tox QI 1T o[- o S 504
14.1.3 Pin CONFIQUIBLTION. .....eivieetirieeetistereete sttt st sr e e e sre e sneseeneas 505
14.1.4 Register CONfIQUIBLION. .....cceiueietiieeeetereeee ettt r e er e s ebe e 506

14.2 ReGISIEr DESCIIPIIONS . ..c.ecueitiieeiirtereeieet ettt b bbb e b e s sre e 507
14.2.1 A/D DataRegisters A to D (ADDRA tO ADDRD) ......ccvvveeevieenienisene s 507
14.2.2 A/D Control/Status Register (ADCSR) ......cocveieeereie e sreseeeeeseesie e 508
14.2.3 A/D Control RegiSter (ADCR) ......ccveieeriese e ctese et see et sne s 510
14.2.4 Module Stop Control Register (MSTPCR) .......coirieiriirieieeneeeeeieseeeeese e 511

Rev.3.00 Mar. 26, 2007 Page xxxviii of xlii
REJ09B0355-0300
RENESAS



14.3  INEIfACE IO BUS IMASIET .....ccoiceeii ittt ettt e et ae e e e st e e s saae e s sebanesesabenesanes 512

I R @ o 1= - (o TS 513
14.4.1 SINgIe MOdE (SCAN = 0) .eovveieieeiereeeerie e e st see e sre e e e e e snesresne e 513
14.4.2 SCaN MOOE (SCAN = 1) .ottt st sttt e 515
14.4.3 Input Sampling and A/D CoNVErsSion TIME .........cceeriirieerinereeesieseeeseseeeeienees 517
14.4.4 Externa Trigger INPUE TiMiNG ....cccoereeeirinieiieneeesiesieee e 518

TA5  INEEITUDES. ..ttt r e e n e sa e r e bt bt e nenrenrenr e 519

T4.6  USBGE INOLES .....oiiiiiiiie ittt sttt s st sbe e s e sbe e s bt e e nbe e e s bb e e be e e sbteebee e sbeeenateas 519

SECHON 15 RAM .ottt 525

ST R @ Y= VT Y SRR 525
15.1.1 BIOCK DI@QIaM.....ccveueeuirieieeierieeetesieeste st st sre b b en e e b b e s sresnenesneneas 526
15.1.2 Register ConfigUralion........ccocoeeerieirerieine et r s ere e ene e 526

15.2 ReQiSEr DESCIIPLIONS .....uiiteeieeeeiertese ettt e e s e te et re e e s e s e e saesresbesneesee s eneeseeneeneeens 527
15.2.1 System Control ReEGIStEr (SYSCR) ....cccveieiiriciereeseste e seesaesees e see st seeeeneens 527

TG T @ o 1= - o o TS 527

SECHON 16 ROM ...ttt 529

2 R @ Y= VT Y SRR 529
16.1.1 BIOCK DI@Qram......cceceeieiesiesiesiestesieeeesieste e steste e eseesaeste e sresre s e eseenasneesnessesneens 530
16.1.2 Register ConfiguIation.........cccieieeuereeieeiesesesesese e e see e e s sre e sree e eeeseeseesneens 530

16.2 ReQiSIEr DESCIIPLIONS ....uiiieeieeeeieriese e st st e e s e e st st te e ese e e e aesaesresresneese e e eneeseeneenreens 531
16.2.1 BusControl Register L (BCRL) .....cccviieeiriirieieierieieiesiesee e 531

RS B @ 1< - 1 o] o ISR PRSP 532

16.4 PROM MOUE......ciiiiiiiiiiiiieistese ettt stee sttt st se et ba s se s s e sesessesesessensesessensanen 533
16.4.1 PROM MOUE SELING.....cuerveerririiiniirieietisieeee sttt 533
16.4.2 Socket Adapter and MemOry MaP ......cccveieeierereneseeeeieeeseese e se e seenee s 533

16.5  ProgramMiNg......cccccceeceeiueresesiestesseseesessessessessessesssesessessessessessesssssssssessessessessesssessessensenes 536
L16.5. 1 OVEIVIBW. ..cueiieitieieeiieee sttt ettt st sttt et se e e sae st e saeeaeensese e besaesbesneeneeneens 536
16.5.2 Programming and VerifiCalion..........ccceireriririinieiriiee e 536
16.5.3 Programming PreCAULIONS..........curuereeuiriireeiriinieiesieseeesie e 541
16.5.4 Reliability of Programmed Data..........cccceeeveeeeieeieenevese e seseeeeeseese s 542

Section 17 Clock PUISE GENENELON ..o 543

R R @ Y= VT ST 543
17.1.1 BIOCK DI@Qram.....ccveueeuiieeeeierieeete et sse sttt s eb bbb e b b e enesrennenesneneas 543
17.1.2 Register ConfigUIratioN........ccocoeeereeirerieiee st r e ere i sre e 544

17.2 ReQiSEr DESCIIPLIONS .....viiveceeeeeieriese et ste e e e s e e sttt seesa e s e e saesresresneese e e eneeseeneenreens 544
17.2.1 System Clock Control Register (SCKCR) .....cccvceeeeveiereseseeeeseese e sreseeseeeens 544
17.2.2 Low Power Control Register (LPWCR) .......ccceviiecieieese e 545

S T @ o || - (o ST 546

Rev.3.00 Mar. 26, 2007 Page xxxix of xlii
REJ09B0355-0300
RENESAS



17.3.1 Connecting a Crystal RESONGLON ..........c.eieirierieisie et 546

17.3.2 External ClOCK INPUL......cccooiiiiiieeeee e 548
17.4 Duty AdIUSIMENE CIFCUIT......ecveeeeeeiesiisiese st eee e s e e st se e se e e tesresre e e e e eeeseesrenrs 553
175 Medium-Speed CIOCK DIVIEN .......ccccoiiiieeeiceeiere st st enes 553
17.6 BusMaster Clock SEleCtion CIrCUIT.........cciiiiirireeieree e 553
17.7 NOte 0N Crystal RESONGLON ........ccveoeeueriieeiisiirieisie ettt sn e 553
Section 18 POWEr-DOWN MOUES............cooeirieeeee e 555
L18. 1 OVEIVIEW . ..eueeieteieeieete sttt sttt et sttt st et st et et e st et ek e st e et e st e e et e sbe e ebenbeneebesbeseeseneeneas 555
18.1.1 Register ConfigUIation........cccuevueieiesieseeeeieeses e seste s e seesre et e e e sne e sne s 556
18.2 REGISIEr DESCIIPIIONS . ..c.ecuiitieeiiiterieieete ettt sttt sttt b bbb e b e b sre e 557
18.2.1 Standby Control Register (SBYCR) ...c.ccviirieiierieeeerereeese e 557
18.2.2 System Clock Control Register (SCKCR) .....covcveerieieerieeeesieneeiesie e 558
18.2.3 Module Stop Control Register (MSTPCR) ......cccovcveeeiere e 559
18.3 MediUm-SPEEA MOE........ccveiiriireeierie ettt sttt st st e ne b e 560
ST S = o 11V, oo L= S 561
185 MOUUIE SIOP MOUE .....cvieeiiitiieeieete ettt b et b e e b e s ebesre e 562
18.5.1 MOdUIE SIOP MOE ...ttt b e 562
18.5.2 USAOENOLES......oiueiieiiie sttt 563
18.6 Software Standby MOGE..........ccceviiiriceie e e 564
18.6.1 Software Standby MOE..........cccecieviiirieeie e e 564
18.6.2 Clearing Software Standby MOGE........cccccceveiireeieie e 564
18.6.3 Setting Oscillation Stabilization Time after Clearing Software Standby Mode... 565
18.6.4 Software Standby Mode Application Example..........coeoeevineininenneneneennene 565
18.6.5 USAPENOLES. .....oiuiiiiiiie st e 566
18.7 Hardware Standby MOGE ........cceeeeieriiriereseeeeee et se ettt e e e sr et e sre e enee s 567
18.7.1 Hardware Standby MOCE..........ccceeieieiire s 567
18.7.2 Hardware Standby Mode TimiNg.......cccceverererienieeieesese e eeseeae e 567
18.8 @ Clock Output Disabling FUNCLION ...........couiuirieiiieiriceeeseeese s 568
Section 19 Electrical CharaCteriStiCS.........ooirinineneisseseessesseeseesessssssssssesseees 569
19.1 Absolute MaXimum RatINGS ......cccveieriireiisireeeese s e se st neeneeseeseenes 569
19.2 Power Supply Voltage and Operating Frequency RaNgES .........cccevvvevenieeieereneseseeeens 570
19.3 DC CharaCteriStCS ..eevereeuerierieiisie ettt sttt st st se b be e e b s be e ebeseeneereas 572
R Y O @ 0= ok = on PR 579
19.4.1  ClIOCK TIMING t..viutetereeueeterteeeteseeseete st se et sre s ebe st se st sb e e et sbesee e ebesee e ebesre e ebesneneenens 580
19.4.2 Control Signal TIMING ......coveeeirieeneree et 582
19.4.3 BUSTIMING .ocviiieieicieieese st e e ste st te s e esee e aesne e e e e enaeseenresaesrenseennenes 584
19.4.4 Timing of On-Chip Supporting MOdUIES...........cccceverieienireeiere e 592
19.5 A/D Conversion CharaCteristiCS........oouiiireirireeesieesieie s 597
19.6  USBGENOLES......coueiiiie ittt s r e nr s 598

Rev.3.00 Mar. 26, 2007 Page xI of xlii
REJ09B0355-0300

RENESAS



ApPPENdiX A INSIFUCLION SEL.........c.oveeeeiceeeeeee et 599

R g 1 0 1o g 1 L USROS 599
A.2  Operation COUE MaBP......ccvieerieieiesesesese et e e et e ste st e sre st s e e ee s s e tesresbesseereenneneeneesrenees 623
A.3  Number of States Required for INStruction EXECULION .........ccccoeverereseseceese e 627
Appendix B RegIStEr FI€ld..........ccoooiicieiceicese s 638
B.1l  REGISIEr AGUrESSES.....c.ecuiitiieiiiteieeient ettt bt n e e 638
(2 2 S =0 1S (= D= o 101 644
Appendix C /O Port BIOCK DIiagrams............ccoocueeeeeeeneieseesseseesseessseeseesennes 730
C.1  POrt 1 BIOCK DIiGQram ......ceeueiuieeuiriinieiesiisseesiesie st ssees bbb st be e snens 730
C.2  POrt 2 BIOCK DIiGQIaM ..c..oeeueeieeiesiinieesiesseesie sttt sbe bbb 734
C.3 POt 3 BIOCK DIGQIaM ...c..eeeueeieeiiriiieiesieseeessesie sttt bbbt b e 738
(% o 0 =1 oo S o = o SR 741
(O T = 0T o =1 oo [ o = o [ SPR 742
(O I o AN 2] o o L DI T -4 PRSP 746
C.7 POt B BIOCK DIi@QIamM......cccuiiuiieiiriinieiniisieiesies ettt 747
C.8  POrt CBIOCK DIi@QIam......cceueiuirieiiriinieisiesieiesiesie sttt 748
C.9  POrt D BIOCK DIBgIam......c.ceiuieiiriisieisiisieesi sttt s 749
(O 0T o7l = =] Lo S DT | - o 750
C.11 PoOrt F BIOCK DiaQram ......ccccceeeeieiesiesesie s s eeeseseeste e sre e e eaesaestesaesressesnenaesaessessesnens 751
C.12 POrt G BIOCK DIGQIram......cceiueeieeeeiesiesesesesteseeeeseeste s e stesres e esaessessestesressesseessesssssessessens 759
APPENAIX D PiN SLAES ... 763
D.1  Port Statesin EaCh MOOE. ......ccoiiiiieiectie et 763
Appendix E Pin States at POWEr-ON ..., 767
E.1  When Pins Settle from an Indeterminate State at POWEr-On .........cccocvveeereneienennesenenns 767
E.2 When Pins Settle from the High-Impedance State at POWer-On.........cccoovveeereneienenienenns 768

Appendix F Timing of Transition to and Recovery from Hardware

StanNdby MOGE...........c.oouiecce e 769
Appendix G Product Code LiNQUP..........cocieeeeseeesieeiesieeeeiesiesiesen 770
Appendix H Package DIMENSIONS.............cccocmiieieiieieisee e 771

Rev.3.00 Mar. 26, 2007 Page xli of xlii
REJ09B0355-0300
RENESAS



Rev.3.00 Mar. 26, 2007 Page xlii of xlii
REJ09B0355-0300
RENESAS



Section 1 Overview

Section1l Overview

11 Overview

The H85/2245 Group is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2000 CPU, employing Renesas Technology proprietary architecture, and equipped with
peripheral functions on-chip.

The H8S/2000 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 data transfer controller
(DTC) bus masters, ROM and RAM, a 16-hit timer-pulse unit (TPU), 8-bit timer, watchdog timer
(WDT), serial communication interface (SCI), A/D converter, and I/O ports.

The on-chip ROM is either PROM (ZTAT") or mask ROM, with a capacity of 128 kbytes,

64 kbytes, or 32 kbytes. 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.

Seven operating modes, modes 1 to 7, are provided, and there is a choice of address space and
single-chip mode or external expansion mode.

The features of the H8S/2245 Group are shown in table 1.1.

Note: ZTAT isaregistered trademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.l Overview

Iltem

Specification

CPU

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: 20 MHz

O High-speed arithmetic operations (20-MHz operation)
8/16/32-bit register-register add/subtract: 50 ns
16 x 16-bit register-register multiply: 1000 ns
32 + 16-bit register-register divide: 1000 ns

Instruction set suitable for high-speed operation

O Sixty-five basic instructions

O 8/16/32-bit move/arithmetic instructions

O Unsigned/signed multiply and divide instructions

O Powerful bit-manipulation instructions

Two CPU operating modes

O Normal mode:  64-kbyte address space

0 Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for each area

Choice of 8-bit or 16-hit access space for each area (CS0 to CS3)
2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

External bus release function

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
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Section 1 Overview

Iltem

Specification

16-bit timer-pulse

3-channel 16-bit timer on-chip

unit (TPU} « Pulse I/O processing capability for up to 8 pins'

* Automatic 2-phase encoder count capability
8-bit timer e 8-bit up-counter (external event count capability)
2 channels

Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits

Input: 4 channels

Single or scan mode selectable
Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

I/O ports

75 1/0O pins, 4 input-only pins

Memory

PROM or mask ROM
High-speed static RAM

Product Name ROM RAM

H8S/2246 128 kbytes 8 kbytes
H8S/2245 128 kbytes 4 kbytes
H8S/2244 64 kbytes 8 kbytes
H8S/2243 64 kbytes 4 kbytes
H8S/2242 32 kbytes 8 kbytes
H8S/2241 32 kbytes 4 kbytes
H8S/2240 — 4 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
34 internal interrupt sources
Three priority levels settable
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Section 1 Overview

Item Specification

Power-down state  « Medium-speed mode
e Sleep mode
e Module stop mode
» Software standby mode
» Hardware standby mode

Operating modes  Seven MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
Al On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
3* Single-chip mode Enabled — —
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
* Single-chip mode Enabled — —

Note: * Cannot be used in the H8S/2240.

Clock pulse e Built-in duty correction circuit
generator
Packages * 100-pin plastic QFP (FP-100B)

e 100-pin plastic TQFP (TFP-100B)
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Item Specification

Product lineup Model
Mask ROM Version ZTAT Version ROM/RAM (Bytes) Packages
HD6432246 HD6472246 128 k/i8 k FP-100B
HD6432245 — 128 k/4 k TFP-100B
HD6432244 — 64 k/8 k
HD6432243 — 64 ki4 k
HD6432242 — 32 k/8 k
HD6432241R — 32 ki4 k
HD6432240 — —l4k
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Section 1 Overview

1.2

Internal Block Diagram

Figure 1.1 shows an internal block diagram.
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Figure1l.1 Block Diagram

Rev.3.00 Mar. 26, 2007 Page 6 of 772

REJ09B0355-0300

RENESAS




Section 1 Overview

1.3

131

Pin Description

Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8S5/2245 Group.
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Figure1l.2 H8S2245 Group Pin Arrangement (FP-100B, TFB-100B: Top View)
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Section 1 Overview

132 Pin Functionsin Each Operating Mode
Table 1.2 shows the pin functionsin each of the operating modes.

Table1.2 Pin Functionsin Each Operating Mode

Pin No. Pin Name

FP-100B, PROM

TFP-100B Mode 1 Mode 2*'  Mode 3*' Mode 4 Mode 5 Mode 6 Mode 7*' Mode*’

1 P1/ P1,/ P1/ P1/ P1,/ P1/ P1/ NC
TIOCCO/  TIOCCO/ TIOCCO/  TIOCCO/ TIOCCO/  TIOCCO/  TIOCCO/
TCLKA TCLKA TCLKA TCLKA/A,, TCLKA/A,, TCLKA/A, TCLKA

2 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC
TIOCDO/  TIOCDO/  TIOCDO/ TIOCDO/ TIOCDO/  TIOCDO/  TIOCDO/
TCLKB TCLKB TCLKB TCLKB/A,, TCLKB/A, TCLKB/A,, TCLKB

3 P1,/TIOCAL P1,/TIOCA1 P1,/TIOCAL P1,/TIOCAL P1,/TIOCAL P1,/TIOCAL P1,/TIOCAL NC

4 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC
TIOCBL/ TIOCBL  TIOCBlL TIOCBlL TIOCBl/ TIOCBl  TIOCBY/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

5 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC
TIOCA2  TIOCA2 TIOCA2 TIOCA2 TIOCA2  TIOCA2  TIOCA2

6 P1/ P1/ P1/ P1/ P1/ P1/ P1/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/  TIOCB2/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

7 VSS VSS VSS VSS VSS VSS VSS VSS

8 P3/TxD0  P3/TxD0 P3/TxD0 P3/TxD0 P3/TxD0 P3/TxD0 P3/TxD0 NC

9 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 P3/TxD1 NC

10 P3/RxD0 P3/RxD0 P3/RxDO P3/RxD0 P3/RxD0 P3/RxD0 P3/RxD0 NC

11 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 P3/RxD1 NC

12 P3,/SCKO/ P3/SCKO/ P3/SCKO/ P3/SCKO/ P3/SCKO/ P3/SCKO/ P3/SCKO/ NC
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4

13 P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ P3/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5 IRQ5

14 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

15 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

16 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

17 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC

18 Y, vV \Y; \Y; vV \Y; Y, vV

ss ss ss ss ss

ss

ss

ss
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Pin No. Pin Name

FP-100B, PROM
TFP-100B Mode 1 Mode 2" Mode 3*' Mode 4 Mode 5 Mode 6*° Mode 7*'  Mode*’
19 PE,/D, PE,D, PE, PE,/D, PE,D, PE,/D, PE, NC
20 PE./D, PE./D, PE, PE./D, PE./D, PE./D, PE, NC
21 PE,/D, PE,/D, PE, PE,/D, PE,/D, PE,/D, PE, NC
22 PE./D, PE,/D, PE, PE./D, PE,/D, PE./D, PE, NC
23 D, D, PD, D, D, D, PD, D,
24 D, D, PD, D, D, D, PD, D,
25 D,, D, PD, D,, D, D,, PD, D,
26 D, D, PD, D, D, D, PD, D,
27 D, D, PD, D, D, D, PD, D,
28 D, D, PD, D, D, D, PD, D,
29 D, D, PD, D, D, D, PD, D,
30 D, D, PD, D, D, D, PD, D,
31 VSS VSS VSS VSS VSS VSS VSS VSS
32 A, PC/A, PC, A, A, PC/A, PC, A,
33 A PC/A, PC, A A PC/A, PC, A
34 A, PC/A, PC, A, A, PCJA, PC, A,
35 A, PC/A, PC, A, A, PCJA, PC, A,
36 A, PC/A, PC, A, A, PC,A, PC, A,
37 A PC/A, PC, A A, PCJA, PC, A,
38 A, PC/A, PC, A, A, PCJA, PC, A,
39 A, PC/A, PC, A, A, PCJ/A, PC, A,
40 Ve Vee Ve Ve Vee Ve Ve Vee
41 A, PB,/A, PB, A, A, PB,/A, PB, A,
42 A, PB,/A, PB, A, A, PB,/A, PB, OE
43 A, PB,JA,, PB, A, A, PB,A,, PB, A,
44 A, PBJA, PB, A, A, PB,A, PB, A,
45 A, PB,/A,, PB, A, A, PB,/A,, PB, A,
46 A, PBJA,, PB, A, A, PBJA,, PB, A,
47 A, PBJA,, PB, A, A, PBJA,, PB, A,
48 A, PB,JA,, PB, A, A, PB,JA, PB, A,
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Section 1 Overview

Pin No. Pin Name
FP-100B, PROM
TFP-100B Mode 1 Mode 2 Mode 3*" Mode4  Mode5 Mode 6*° Mode 7*'  Mode*’
49 Vs Vs Vs Vs Vs Vs Vs Vs
50 PA, PA, PA, A, A, PAJA,, PA, A,
51 PA, PA, PA, A, A, PAJA, PA, Ve
52 PA, PA, PA, A, A, PAJA,, PA, Ve
53 PA, PA, PA, A, A, PAJA,, PA, NC
54 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 P5/TxD2 NC
55 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 P5/RxD2 NC
56 P5,/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 P5/SCK2 NC
57 MD, MD, MD, MD, MD, MD, MD, Ve
58 MD, MD, MD, MD, MD, MD, MD, «
59 P5, PS5, P5, P5, PS5, P5, P5, NC
60 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC
61 MD, MD, MD, MD, MD, MD, MD, Ve
62 RES RES RES RES RES RES RES V.,
63 NMI NMI NMI NMI NMI NMI NMI A,
64 STBY STBY STBY STBY STBY STBY STBY Ve
65 Vee Vee Vee Vee Vee Vee Vee Vee
66 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC
67 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC
68 Vs Vs Vs Vs Vs Vs Vs Vs
69 PF./¢@ PF./@ PF./¢@ PF./¢@ PF./@ PF./¢@ PF./¢@ NC
70 AS AS PF, AS AS AS PF, NC
71 RD RD PF, RD RD RD PF, NC
72 HWR HWR PF, HWR HWR HWR PF, NC
73 LWR LWR PF/IRQ3 LWR LWR LWR PF/IRQ3 NC
74 PF/WAIT/ PF/WAIT/ PF/IRQ2 PF,/WAIT/ PF/WAIT/ PF/WAIT/ PF/IRQ2 CE

BREQO/  BREQO/ BREQO/ BREQO/ BREQO/

IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
75 PF/BACK/ PF/BACK/ PF/IRQ1T PF/BACK PF/BACK PF/BACK PF/IRQT PGM

IRQ1 IRQT IRQ1 IRQT IRQ1
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Section 1 Overview

Pin No. Pin Name
FP-1008B, PROM
TFP-100B Model  Mode2*' Mode3*' Mode4  Mode5  Mode6* Mode7*' Mode*’
76 PF/BREQ/ PF/BREQ/ PF/IRQ0 PF/BREQ/ PF/BREQ/ PF/BREQ/ PF/IRQ0 NC
IRQO IRQO IRQO IRQO IRQO
77 AV AV AV AV AV AV AV Ve
78 V., V., V., V., V., V., V., Ve
79 P4JANO  P4JANO  P4/ANO  P4/ANO  P4/ANO  P4/ANO  P4/ANO  NC
80 P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4/AN1  P4/AN1  NC
81 P4,JAN2  P4/JAN2  P4/AN2  P4/AN2  P4/AN2  P4/AN2  P4/AN2  NC
82 P4JAN3  P4JAN3  P4/AN3  P4/AN3  P4/AN3  P4/AN3  P4/AN3  NC
83 AV AV AV AV AV AV AV Vg
84 Ves Vs Ves Ves Ves Ves Ves Vs
85 P2, P2, P2, P2, P2, P2, P2, NC
86 P2, P2, P2, P2, P2, P2, P2, NC
87 P2,/TMRIO P2/TMRIO P2/TMRIO P2/TMRIO P2,/TMRIO P2,/TMRIO P2,/TMRIO NC
88 P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCIO P2/TMCIO NC
89 P2/TMRI1 P2/TMRI1 P2/TMRI1 P2/TMRI1 P2/TMRI1 P2/TMRI1 P2/TMRI1 NC
90 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 P2/TMCI1 NC
91 P2/TMO0 P2/TMO0 P2/TMOO P2/TMO0 P2/TMO0 P2/TMO0 P2/TMO0 NC
92 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMO1 P2/TMOl P2/TMO1 NC
93 PG,/IRQ6/ PG,IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ PG/IRQ6/ NC
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
94 PG/IRQ7 PG/IRQ7 PG/IRQ7 PG/CS3/ PG/CS3/ PG,/CS3/ PG/IRQ7 NC
IRQ7 IRQ7 IRQ7
95 PG, PG, PG, PG,/CS2 PG,/CS2 PG,/CS2 PG, NC
96 PG, PG, PG, PG/CST PG/CS1T PG/CST PG, NC
97 PG/CSO PG,/CSO PG, PG/CSO PG,/CSO PG,/CSO PG, NC
98 Vee Ve Vee Vee Ve Vee Vee Ve
99 P1,/ P1/ P1,/ P1,/ P1/ P1,/ P1,/ NC
TIOCAO  TIOCAO  TIOCAO  TIOCAO/A, TIOCAO/A, TIOCAO/A, TIOCAO
100 P/ P1/ P/ P/ P1/ P/ P/ NC

TIOCBO TIOCBO TIOCBO TIOCBO/A,, TIOCBO/A,, TIOCBO/A,, TIOCBO

Notes: 1. Cannot be used in the H8S/2240.
2. NC should be left open.
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Section 1 Overview

133 Pin Functions
Table 1.3 outlines the pin functions.

Table1.3 Pin Functions

Pin No.

Type Symbol

FP-100B, TFP-100B 1/O

Name and Function

Power V

CcC

40, 65, 98

Input

Power supply: All V. pins should be
connected to the system power

supply.

V 7,18, 31, 49, 68, 84

ss

Input

Ground: All V pins should be
connected to the system power

supply (0 V).

Clock XTAL 66

Input

Connects to a crystal oscillator.
See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

EXTAL 67

Input

Connects to a crystal oscillator.
The EXTAL pin can also input an
external clock.

See section 17, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.

Output

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

Symbol

Pin No.

FP-100B, TFP-100B

I/0

Name and Function

Operating mode MD, to

control

MD,

61, 58, 57

Input

Mode pins: These pins set the
operating mode.

The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the
H8S/2245 Group is operating.

Except for mode changing, be sure to
fix the levels of the mode pins (MD, to
MD,) by pulling them down or pulling
them up until the power turns off.

Operating

MD, MD. MD, Mode

1 0

0 0

Mode 1
Mode 2*
Mode 3*

Mode 4
Mode 5
Mode 6*
1 Mode 7*

O|rRr|O|(FrR|O| L] O

Note: * Cannot be used in the
H8S/2240.

System control

62

Input

Reset input: When this pin is driven
low, the chip is reset. The type of
reset can be selected according to the
NMI input level. At power-on, the NMI
pin input level should be set high.

STBY

64

Input

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

|

w
o3|
m
O

76

Input

Bus request: Used by an external bus
master to issue a bus request to the
H8S/2245 Group.

BREQO

74

Output

Bus request output: The external bus
request signal used when an internal
bus master accesses external space
in the external bus-released state.
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Pin No.

Type Symbol  FP-100B, TFP-100B 1/O Name and Function

System control BACK 75 Output Bus request acknowledge: Indicates
that the bus has been released to an
external bus master.

Interrupts NMI 63 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.

IRQ7to 94,93, 13, 12, Input  Interrupt request 7 to O: These pins

IRQO** 731076 request a maskable interrupt.

Address bus A, to 2,1, 100, 99, Output Address bus: These pins output an

A, 53 to 50, 48 to 41, address.

39to0 32

Data bus D, to 30t0 19,17 to 14 I/0 Data bus: These pins constitute a

D, bidirectional data bus.

Bus control CS3to 94 to 97 Output Chip select: Signals for selecting

CSo areas 30 0.

AS 70 Output Address strobe: When this pin is low,
it indicates that address output on the
address bus is enabled.

RD 71 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 72 Output High write: A strobe signal that writes
to external space and indicates that
the upper half (D, to D,) of the data
bus is enabled.

LWR 73 Output Low write: A strobe signal that writes
to external space and indicates that
the lower half (D, to D,) of the data
bus is enabled.

WAIT 74 Input  Wait: Requests insertion of a wait

state in the bus cycle when accessing
external 3-state address space.
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Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function
16-bit timer- TCLKDto 6,4,2,1 Input  Clock input D to A: These pins input
pulse unit TCLKA an external clock.
(TPU)
TIOCAO, 99,100,1,2 1/0 Input capture/output compare match
TIOCBO, A0 to DO: The TGROA to TGROD
TIOCCO, input capture input or output compare
TIOCDO output, or PWM output pins.
TIOCA1, 3,4 110 Input capture/output compare match
TIOCB1 Al and B1l: The TGR1A and TGR1B
input capture input or output compare
output, or PWM output pins.
TIOCA2, 5,6 110 Input capture/output compare match
TIOCB2 A2 and B2: The TGR2A and TGR2B
input capture input or output compare
output, or PWM output pins.
8-bit timer TMOO, 91, 92 Output Compare match output: The compare
TMO1 match output pins.
TMCIO, 88, 90 Input  Counter external clock input: Input
TMCI1 pins for the external clock input to the
counter.
TMRIO, 87, 89 Input Counter external reset input: The
TMRI1 counter reset input pins.
Watchdog WDTOVF 60 Output Watchdog timer: The counter overflow
timer (WDT) signal output pin in watchdog timer
mode.
Serial TxD2, 54,9,8 Output Transmit data (channel 0, 1, 2):
communication TxD1, Data output pins.
interface (SCI)/ TxDO
_Smafrt Card RxD2, 55, 11, 10 Input  Receive data (channel 0, 1, 2):
Interface RxD1, Data input pins.
RxDO
SCK2, 56, 13,12 1/0 Serial clock (channel 0, 1, 2):
SCK1, Clock I/0 pins.
SCKO

Rev.3.00 Mar. 26, 2007 Page 15 of 772

RENESAS

REJ09B0355-0300



Section 1 Overview

Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function
A/D converter  AN3to 821079 Input  Analog 3 to 0: Analog input pins.
ANO
ADTRG 93 Input  A/D conversion external trigger input:
Pin for input of an external trigger to
start A/D conversion.
AV . 77 Input  This is the power supply pin for the
A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
AV 83 Input  This is the ground pin for the A/D
converter.
This pin should be connected to the
system power supply (0 V).
of 78 Input  This is the reference voltage input pin
for the A/D converter.
When the A/D converter is not used,
this pin should be connected to the
system power supply (+5 V).
I/O ports P1,to 6to 1,100, 99 1/0 Port 1: An 8-bit I/O port. Input or
P1, output can be designated for each bit
by means of the port 1 data direction
register (P1DDR).
P2, to 92 to 85 I/O Port 2: An 8-bit I/O port. Input or
P2, output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).
P3, to 13to 8 1/O Port 3: A 6-bit I/O port. Input or output
P3, can be designated for each bit by
means of the port 3 data direction
register (P3DDR).
P4, to 8210 79 Input  Port 4: A 4-bit input port.
P4,
P5, to 59, 56 to 54 1/0 Port 5: A 4-bit I/0O port. Input or output
PS5 can be designated for each bit by

means of the port 5 data direction
register (P5DDR).
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Pin No.
Type Symbol  FP-100B, TFP-100B 1/O Name and Function
I/O ports PA, to 53 to 50 I/O Port A: A 4-bit I/O port. Input or output

PA*? can be designated for each bit by
means of the port A data direction
register (PADDR).

PB, to 48 t0 41 I/O Port B: An 8-bit I/O port. Input or

PB,** output can be designated for each bit
by means of the port B data direction
register (PBDDR).

PC, to 391032 /0 Port C: An 8-bit I/O port. Input or

PC** output can be designated for each bit
by means of the port C data direction
register (PCDDR).

PD, to 30to 23 /0 Port D: An 8-bit I/O port. Input or

PD,** output can be designated for each bit
by means of the port D data direction
register (PDDDR).

PE, to 221t019,17to 14 1/0 Port E: An 8-hit I/O port. Input or

PE, output can be designated for each bit
by means of the port E data direction
register (PEDDR).

PF, to 69 to 76 /0 Port F: An 8-bit I/0 port. Input or

PF** output can be designated for each bit
by means of the port F data direction
register (PFDDR).

PG, to 97 to 93 /0 Port G: A 5-hit I/O port. Input or

PG output can be designated for each bit

by means of the port G data direction
register (PGDDR).

Notes: 1. IRQ3 cannot be used in modes 1, 2, 4, 5, and 6, or in the H8S/2240.
Cannot be used in modes 4 and 5 in the H8S/2240.

Cannot be used in the H8S5/2240.
PF, to PF, cannot be used in the H8S/2240.

2.
3.
4.

RENESAS
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Section 2 CPU

Section2 CPU

21 Overview

The H85/2000 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/2000 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 H85/2000 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-bit
registers)

Sixty-five basic instructions

0 8/16/32-bit arithmetic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

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

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

Immediate [#xXx:8, #xx:16, or #xx:32]

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

Memory indirect [ @@aa:8]

16-Mbyte address space

O Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

OoOoOooogoooao
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High-speed operation

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

O Maximum clock rate: 20 MHz

O 8/16/32-bit register-register add/subtract: 50 ns (20-MHz operation)

O 8 x 8-hit register-register multiply: 600 ns (20-MHz operation)
O 16 + 8-bit register-register divide: 600 ns (20-MHz operation)
O 16 x 16-hit register-register multiply: 1000 ns (20-MHz operation)
O 32+ 16-hit register-register divide: 1000 ns (20-MHz operation)

Two CPU operating modes

O Norma mode

O Advanced mode

Power-down state

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

212 Differences between H85/2600 CPU and H85/2000 CPU

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

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 MULXS instructions.

Internal Operation

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

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.
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213 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers

O Eight 16-bit expanded registers, and one 8-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-Mbyte address space.

Enhanced addressing

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

Enhanced instructions

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

O Two-bit shift instructions have been added.

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

Higher speed

0 Basicinstructions execute twice as fast.

214 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

Additional control register

O One 8-bit control register has been added.

Enhanced instructions

O Addressing modes of bit-manipulation instructions have been enhanced.
O Two-bit shift instructions have been added.

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

Higher speed

0O Basicinstructions execute twice as fast.
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22 CPU Operating Modes

The H85/2000 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.

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

Figure2.1 CPU Operating Modes

(1) Normal Mode
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 (EQ to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit 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
general 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.
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Exception Vector Tableand Memory Indirect Branch Addresses: In norma 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 |
HO005 | (Reserved for system use)  --- i
H'0006 | BN 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 -

.

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'00FF. Note
that this areaiis 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 and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2.3. The extended control register (EXR) is not pushed onto the
stack. For details, see section 4, Exception Handling.

\/—\ \_/_\

sP—~| PC Sp— CCR
(16 bits) CCR*
PC

\_/—\ (16 bits)

(&) Subroutine Branch (b) Exception Handling

Note: * 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-hit 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 allocated 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 N
~ Power-on reset exception vector ]
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008
I 71 > Exception vector table
H'0000000B | ]
(Reserved for system use)
H'0000000C | ]
HooOOOOI0 | Reserved |
7 Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit 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-hit branch address. The upper 8 bits of these 32 bits are areserved areathat isregarded 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.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in

exception handling, they are stored as shown in figure 2.5. The extended control register (EXR) is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP-—~

\_/_\

Reserved

R PC ———
(24 bits)

\_/_\

(@) Subroutine Branch

SP —

\_/—\

CCR

S PC I
(24 bits)

\_/—\

(b) Exception Handling

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, see section 3, MCU Operating

Modes.
H'0000 H'00000000
HFFFF Program area
H'0OOFFFFFF Data area
Cannot be
used by the
H8S/2245
Group
H'FFFFFFFF
(&) Normal Mode (b) Advanced Mode

Figure2.6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hasthe internal registers shown in figure 2.7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4AL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
ExR [T]-[-[—[-[12]i]i0]

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

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
ul: User bit or interrupt mask bit

Note: * This register does not affect operations in the H8S/2245 Group.

Figure2.7 CPU Registers
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242 General Registers

The CPU has eight 32-bit general registers. These general registers are al 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-bit, or 8-bit register. When the general registers are used
as 32-hit registers or address registers, they are designated by the letters 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 RY). 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). These registers 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

e 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 Usageof General Registers

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.
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Free area

SP (ER7) —»]

Stack area

/\/

Figure2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

This 24-hit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU ingtructionsis 2 bytes (one word) so the least significant PC bit isignored. (When an
instruction isread, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR)

This 8-bit register does not affect operation in the H85/2245 Group.

Bit 7—Trace Bit (T): Thisbit isreserved. It does not affect operation in the H8S/2245 Group.
Bits 6 to 3—Reserved: These bits are reserved. They are alwaysread as 1.

Bits2 to O—Interrupt Mask Bits (12 to 10): These bits are reserved. They do not affect operation
in the H85/2245 Group.
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(3) Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NM1 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 thereisacarry 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
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 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 0 otherwise.

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

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 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 acarry occurs, and cleared to 0 otherwise. Used by:

e Addingtructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to indicate a carry

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 bhits 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.

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in 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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2.5 Data For mats
The CPU can process 1-hbit, 4-bit (BCD), 8-hit (byte), 16-hit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn(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 For mats

Figure 2.10 shows the data formats in genera registers.

Data Type General Register Data Image
1-bit data rRnH 7 0
7[6[s]4[3[2[1]0]  pontcare
1-bit data R
_______ Dontcare [76[5|4]3[2]1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare |
4-bit BCD data R 7 43 0
| Dontcare [ Upper | Lower |
Byte data RnH 7 O .
T ] et
MSB s T
Byte data R 7 0
Don't care |
""""""""""" MSB LSB

Figure2.10 General Register Data Formats
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Data Type General Register Data Image

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

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)

Rev.3.00 Mar. 26, 2007 Page 34 of 772
REJ09B0355-0300
RENESAS




Section 2 CPU

25.2 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 O, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Data image
Address /\/
7 0
1-bit data AddressL| 7|6 |54 (3|2 |1|0
Byte data AddressL |MSB: @ i . ISB
Word data Address 2M |MSB: ¢+
Address 2M + 1 §|_s|3
Longword data Address 2N MSB: © ¢
Address 2N + 1
Address 2N + 2
Address 2N + 3 'LSB

Figure2.11 Memory Data Formats

When SP(ER?7) 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 I nstruction Set

2.6.1 Overview

The H85/2000 CPU has 65 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 19

operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B

Logic operations AND, OR, XOR, NOT BWL

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 Bec*?, JMP, BSR, JSR, RTS —

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9

Block data transfer EEPMOV —

Total: 65 types
Legend:
B: Byte size
W: Word size
L: Longword size
Notes: 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. Cannot be used in the H8S/2245 Group.
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4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
5. Only register ERO to ER6 should be used when using the STM/LDM instruction.

26.2

Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000 CPU

can use.
Table2.2 Combinationsof Instructions and Addressing M odes
Addressing Modes
+
jo
. . |l |5 —_
Function Instruction o x| g ~ | O
w | w| 2 O | a | o
© | o | € o | ||| g |2
x|l c|luwlZ2|2|Y |88 |&8|&|=2|2|@®
£l |®| Q|08 |©® 0|0 |8 |0 |06 |6 |
Data MOV BWL|BWL|BWL|BWL|BWL|BWL| B WL| — [BWL| — | — | — | —
transfer POP, PUSH — - == =] == — | — | =] = —=|WL
LDM, STM — | — N D R R R R e _ =1L
MOVFPE*, — |- ==|=|=|B|=|—=|—=|—=|—-|-
MOVTPE*
Arithmetic |ADD, CMP pwLBwL| — | — | —m | —m | — | — | — | — | — | — | — | —
operations SUB YRV I N I L D I e I I I R
ADDX, SUBX B B|l—|—|—|—|—=|—=|=]|—=|—=|—=1]—=1]—=
ADDS, SUBS S [ TR N (R (NN [ (U (N N U I U _—
INC, DEC — BWL| — | —m | —m | —m | —m | —m | — | — | — | — | — | —
DAA, DAS — B —_— | -] - - - - | = = | = | = | = | =
MULXU,DIVXU| — |BW | — | — | — | —m | —m | —m | — | —m | — | — | — | —
MULXS,DIVXS| — |BW | — | —m | — | — | —m | —m | — | — | — | — | — | —
NEG —BWL| — | — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS — WL — | —m | —m | —m | —m | —m | = | = | = | = | = | =
TAS — | —|B | == =]|=|=|=|=|=|=1]|=1|-=
Logic AND,OR,XORBWLBWL| — | —m | —m | —m | —m | —m | — | — | — | — | — | —
operations [NoT —lBwll — == T = =T =T =1=1T=1T=1T=
Shift —BWL| — | —m | —m | — | — | — | — | — | — | — | — ] —
Bit manipulation — | B B|—|—|—|B B|—|B | —|—|—|—
Branch Bcc, BSR - =] === =] =] =] =l =100 | ==
JMP, JSR == =l=]=]l=lO0|=|l=]|=]0]=
RTS — == =]=]|=]|=]|=]=]=]=]=1]—=1]0

RENESAS
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Addressing Modes

+
jo
) . |l |5 —
Function Instruction o o ® ~ | O
wo = 8 | o
g = S|z © g N % o | 8 g
x| clul2|2|Y 8|8 |&§|8|2|2|@
¥ || ©®|©®| 0|00 |0 |0 |0 |6 |6 |6 |
System TRAPA — - === == =] =] = =|=]=1]0
control RTE I =] =l =10
SLEEP == =l=|=]=l=]=|l=]=]=1]0
LDC B B WIW|W|W|—W|—|W|—|—|—|—
STC — B WIW| W W|—W|—|W|—|—|—|—
ANDC, ORC, B RN U [N [ [P | [ U P | U U —
XORC
NOP - - == =|=|=]|=|=|=|=]|—=1—=160
Block data transfer — === =] =] =|=|=|=|=]—=1|—|BW
Legend:
B: Byte
W: Word
L: Longword
Note: * Cannot be used in the H8S/2245 Group.
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26.3 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in the
tablesis defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERn General register (32-bit register)
(EAd) Destination operand
(EAs) Source operand
EXR Extended control register
CCR Condition-code register
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
ad Logical AND
g Logical OR
ad 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-hit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3 DataTransfer Instructions

Instruction Size**

Function

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/2245 Group.

MOVTPE B Cannot be used in the H8S/2245 Group.

POP W/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 Wi/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.

STM*? L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

2. Only register ERO to ER6 should be used when using the STM/LDM instruction.
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Table2.4 Arithmetic Operation Instructions

Instruction  Size**  Function

ADD B/W/L Rd*Rs - Rd, Rdz#MM - Rd

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, Rdx#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 Rdz1 - Rd, Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

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.

MULXU B/W Rd xRs - Rd
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/IL 0-Rd - Rd

Takes the two's complement (arithmetic complement) of data in a
general register.
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Instruction Size**

Function

EXTU WiL

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 WIL

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 - (<hit 7> of @Erd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table25 Logic Operations|nstructions

Instruction Size* Function

AND B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdORs - Rd, RdO#IMM - 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/L -Rd - Rd
Takes the one's complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Operations|Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) - Rd

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.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7 Bit-Manipulation Instructions

Instruction

Size*

Function

BSET

B

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR

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-bit immediate data or the lower three bits of
a general register.

BNOT

= (<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.

BTST

= (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory 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

BIAND

C O(<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.

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

BIOR

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.

C O[~ (<bit-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.
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Instruction Size* Function

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 bitin 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.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B - C - (<bit-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.

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions

Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High coz=o0
BLS Low or same coz=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 ZONOV)=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
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Table2.9 System Control Instructions

Instruction Size* Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC 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 B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B 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.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size

Function

EEPMOV.B —

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;

Transfer a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG6.

Execution of the next instruction begins as soon as the transfer is
completed.
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264 Basic I nstruction For mats

The H85/2245 Group 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).

Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

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

op m rm

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

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

op cc EA (disp) BRA d:16, etc

Figure2.12 Instruction Formats (Examples)

(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 four bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies ageneral 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 bits specifying immediate data, an absolute
address, or adisplacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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265 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahead
of time. See section 2.10.3, Bit Manipulation Instructions, for details.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The CPU supports the eight addressing modes listed in table 2.11. 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 ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 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 #xXX:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8
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(1) Register Direct—Rn

Theregister field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-hit 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

Theregister field of the instruction code specifies an address register (ERn) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are al assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn)

A 16-hit 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-hit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

* Register indirect with post-increment— @ERN+
The register 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. Theresult 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

Theinstruction code contains the absolute address of a memory operand. The absolute address
may be 8 bitslong (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32).
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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'FFFFFF). For a 16-bit absolute address the upper 16 bits are asign 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 all assumed to be 0 (H'00).

Table 2.12 indicates the accessible absol ute address ranges.

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFO0O0 to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'O07FFF,
H'FF8000 to H'FFFFFF

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

Program instruction 24 bits (@aa:24)
address

(6) Immediate—#xx:8, #xx:16, or #xx:32

Theinstruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. 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 data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

Thismode is used in the Bcc and BSR instructions. An 8-hit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch address.
Only the lower 24 bits of this branch address are valid; the upper 8 bits are al 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.
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(8) Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absol ute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address rangeis 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 bits long. 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.

\_/\ \_/\

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

\_/—\

Branch address

(@) Normal Mode (b) Advanced Mode

Figure2.13 Branch Address Specification in Memory Indirect Mode

If an odd addressis specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, 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.)

2.7.2 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Table2.13 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-released 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 etc.
See section 18, Power-Down Modes, for details.

Figure2.14 Processing States
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End of bus request

Bus request
Program execution
state
End of bus SLEEP
request Bus instruction
request SLEEP with
: . \SSBY =0
Y instruction
with
Bus-released state SSBY =1
Request for |
S)?cdeo{ion exception : —
handrl)ing handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt Software standby mode

RES = high

_N STBY = high, RES = low -
Reset state™! - Hardware standby mode™?

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
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.

Figure2.15 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. Al
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 11,
Watchdog Timer.
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2.8.3

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 resets, interrupts, and trap instructions. Table 2.14 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.

Table2.14 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.

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
is executed a trap (TRAPA) instruction is

Low executed*?

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.
2. 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 goes high again,
reset exception handling starts. 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 NMI, are disabled during reset exception handling and after it ends.

(3) 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 bitsin 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.

\/\\/—\

SP— CCR SP— CCR
*
CCR o pC o
pC (24 bits)
(16 bits)
Normal mode Advanced mode

Note: * Ignored when returning.

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 bus is released, the CPU halts except for internal operations.

There is one bus masters other than the CPU — the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

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 three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes. medium-speed mode, and module stop 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. For details, refer to section 18, Power-Down Modes.

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 SLEEP instruction. The contents of
CPU registers are retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBY CR is set to 1. 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 are retained. The I/O ports also remain in their
existing states.

Hardwar e 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.
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29 Basic Timing

29.1 Overview

The H8S/2000 CPU is driven by a system clock, denoted by the symbol ¢. The period from one
rising edge of @to 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.

29.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The databusis 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.

! Bus cycle !

Internal address bus X Address

X
Internal read signal \ /

Read !
access 1
Internal data bus < Read data )———
) Internal write signal A '/
Write ! !
access |

e

Internal data bus

Write data >—

Figure2.17 On-Chip Memory Access Cycle
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Bus cycle |

Address bus Unchanged
AS High
RD High
HWR, LWR High
Data bus iHigh-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.

L Bus cycle N
| Tl ! T2 |
Internal address bus >< Address

Internal read signal '\ /

Read : 3

access ! / \
Internal data bus : \ Read data >7
Internal write signal 1 \ 3/

Write |

access ! : 3
Internal data bus : < Write data >7

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

Address bus Unchanged
AS Hijgh
RD Hi:gh
HWR, LWR Hijgh :
Data bus High-impetj:lance 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 6, Bus Controller.
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210 Usage Notes

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 Renesas Technology H8S and H8/300 Series C/C++ compilers.
If the TAS instruction is used as a user-defined intrinsic function, ensure that only register EROQ,
ER1, ER4, or ER5 is used.

2.10.2 STM/LDM Instruction

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers: ERO and ER1, ER2 and ER3, or ER4 and ER5
For three registers: ERO to ER2, or ER4 to ER6
For four registers: ERO to ER3

For the Renesas Technology H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction
including ER7 is not created.

2.10.3  Bit Manipulation Instructions

When aregister that includes write-only bitsis manipulated by a bit manipulation instruction,
there are cases where the bits manipulated are not manipulated correctly or bits unrelated to the
bits manipulated are changed.

When aregister containing write-only bitsisread, the value read is either afixed value or an
undefined value. This means that the bit manipulation instructions that use the value of bitsread in
their operation (BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR, BLD, and BILD)
will not perform correct bit operations.

Also, bit manipulation instructions that perform awrite operation on the dataread after the
calculation (BSET, BCLR, BNOT, BST, and BIST) may change bits unrelated to the bits
manipulated. Thus extreme care is required when performing bit manipulation instructions on
registers that include write-only hits.
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The BSET, BCLR, BNOT, BST, and BIST instructions perform their operations in the following
order.

1. Read the datain byte units
2. Perform the bit manipulation operation according to the instruction on the data read
3.  Write the data back in byte units

Example: Using the BCLR instruction to clear only bit 4 in the port 1 PADDR register.

The P1DDR register consists of 8 write-only bits and sets the 1/0 direction of the port 1 pins.
Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. Currently, P17 to P14 are set to be output pins and P13 to P10 are set to be input pins.
At this point, the value of PADDR is H'FO.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0

To switch P14 from the Output pin to the input pin function, the value of PLDDR bit 4 must be
changed from 1to O (H'FO - H'EQ). Here we assume that the BCLR instruction is used to clear
P1DDR hit 4.

BCLR  #4,@P1DDR

However if abit manipulation instruction of the type shown aboveis used on PIDDR, whichisa
write-only register, the following problem may occur.

Although the first thing that happensisthat datais read from PLDDR in byte units, the value read
at thistime is undefined. An undefined value isavalue that is either 0 or 1 in the register but reads
out as an arbitrary value whose relationship to the actual value is unknown. Since the PIDDR bits
are al write-only bits, every bit reads out as an undefined value. Although the actual value of
P1DDR at this point is H'FO, assume that bit 3 becomes a 1 here, and the value read out is H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
Read value 1 1 1 1 1 0 0 0
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The bit manipulation operation is performed on this value that was read. In this example, bit 4 will
be cleared for H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
After bit 1 1 1 0 1 0 0 0
manipulation

After the bit manipulation operation, this datawill be written to PLDDR, and the BCLR
instruction compl etes.

P17 P16 P15 P14 P13 P12 P11 P10
I/10 Output | Output | Output Input Output Input Input Input
P1DDR 1 1 1 0 1 0 0 0
Write value 1 1 1 0 1 0 0 0

Although the instruction was expected to write H'EO back to PADDR, it actually wrote H'E8, and
P13, which was expected to be an input pin, is changed to function as an output pin. While this
section described the case where P13 was read out as a 1, since the values read are undefined
when P17 to P10 are read, when this bit manipulation instruction compl etes, bits that were 0 may
be changed to 1, and bits that were 1 may be changed to 0. To avoid this sort of problem, see
section 2.10.4, Access Methods for Registers with Write-Only Bits, for methods for modifying
registers that include write-only hits.

Also note that it is possible to use the BCLR instruction to clear to O flagsin internal 1/O registers.
Inthis case, if it is clear from the interrupt handler or other information that the corresponding flag
isset to 1, then there is no need to read the value of the corresponding flag in advance.

2104  Access Methodsfor Registerswith Write-Only Bits

Undefined values will be read out if adata transfer instruction is executed for aregister that
includes write-only bits, or if abit manipulation instruction is executed for aregister that includes
write-only bits. To avoid reading undefined values, use methods such as those shown below to
access registers that include write-only bits.

The basic method for writing to aregister that includes write-only bitsisto create awork areain
internal RAM or other memory area and first write the data to that area. Then, perform the desired
access operation for that memory and finally write that data to the register that includes write-only
bits.
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Write data to the work area

Write the work area data to the
register that includes write-only bits

Access the work area data
(data transfer and bit manipulation
instructions can be used)

Write the work area data to the register
that includes write-only bits

Initial value write

Modifying the value of a register
that includes write-only bits

Figure2.21 Flowchart for Access Methodsfor Registers That Include Write-Only Bits

Example: To clear only bit 4 inthe port 1 PLDDR

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.

Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. First, we write the initial value H'FO written to PADDR to the work areain RAM

(RAMO).

MOV.B #H'FO, ROL

MOV.B ROL, @PAMO

MOV.B ROL, @P1DDR

P17 P16 P15 P14 P13 P12 P11 P10

I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 11 1 | o | o o | o

RENESAS
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To switch P14 from being an output pin to being an input pin, we must change the value of
P1DDR hit 4 from 1to 0 (H'FO —» H'EQ). Here, were execute a BCLR instruction for RAMO.

BCLR #4, @RAMO
P17 P16 P15 P14 P13 P12 P11 P10
I/10 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 | 1 | 1 | 0o | o | o | o | o0

Since RAMO can be read and written, when the bit manipulation instruction is executed, only bit 4
in RAMO is cleared. Then we write this RAMO value to PIDDR.

MOV.B @RAMO, ROL

MOV.B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output Input Input Input Input Input
P1DDR 1 1 1 0 0 0 0 0
RAMO 1 1 | 2 | o | o | 0o | o | o

If this procedure is used to write registers that include write-only bits, programs can be written
without depending on the type of the instructions used.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

Except for the H8S/2240, all H8S5/2245 Group products have seven operating modes (modes 1 to
7). The H85/2240 has three operating modes (modes 1, 4, and 5). These modes enabl e selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and theinitial bus width setting, by
setting the mode pins (MD, to MD,).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 — — — — —

1 1 Normal On-chip ROM disabled, Disabled 8 bits 16 bits
expanded mode

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

3* 1 Single-chip mode — —

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

5 1 expanded mode 8bits 16 bits

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

* 1 Single-chip mode — —

Note: * Cannot be used in the H8S/2240.

The CPU's architecture allows for 4 Ghytes of address space, but the H8S/2245 Group actually
accesses a maximum of 16 Mbytes.

Modes 1, 2, and 4 to 6 are externally expanded modes that allow access to external memory and
peripheral devices.
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The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit 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
access is selected for al areas, 8-bit busmode is set.

Note that the functions of each pin depend on the operating mode.

The H85/2245 Group can be used only in modes 1 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 H85/2245 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SY SCR) that controls the operation of the
H8S/2245 Group. Table 3.2 summarizes these registers.

Table3.2 Register Configuration

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R Undetermined H'FF3B
System control register SYSCR R/W H'01 H'FF39

Note: * Lower 16 bits of the address.
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3.2 Register Descriptions

321 Mode 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 R R

Note: * Determined by pins MD, to MDy,.
MDCR is an 8-bit read-only register that indicates the current operating mode of the H85/2245
Group.
Bit 7—Reserved: Read-only bit, awaysread as 1.
Bits 6 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MD, (the current operating mode). Bits MDS2 to MDSO correspond to MD, to MD,,.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD, to MD,) input
levels are latched into these bits when MDCR isread. These latches are canceled by a power-on
reset, but are retained after a manual reset.

322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ INTM1 ‘ INTMO ‘ NMIEG ‘ — ‘ — ‘ RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W — — R/W

SY SCR is an 8-hit readable/writable register that selects the interrupt control mode, the detected
edge for NMI, and enable or disable the on-chip RAM.

SYSCRiisinitialized to H'01 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Reserved: This bit can be read or written, but does not affect operation.
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Bit 6—Reserved: Read-only bit, always read as 0.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO): 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 I bit (Initial value)
1 1 Control of interrupts by | bit, U bit, and ICR
1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NM | Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3
NMIEG Description

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

Bits 2 and 1—Reserved: Read-only hits, always read as 0.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset statusis released. It isnot 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 should not be cleared to 0.
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3.3 Operating Mode Descriptions

331 Mode 1

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM s disabled, and
8-hit bus mode is set, immediately after areset.

Ports B and C function as an address bus, port D functions as a data bus, and part of port F carries
bus control signals. However, note that if 16-bit accessis designated by the bus controller, the bus
mode switches to 16 bits and port E becomes a data bus.

3.3.2 Mode 2

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled, and
8-bit bus mode is set immediately after areset.

Ports B and C function asinput portsimmediately after areset. They can each be set to output
addresses by setting the corresponding bits in the data direction register (DDR) to 1. Port D
functions as a data bus, and part of port F carries bus control signals. However, note that if 16-bit
access is designated by the bus controller, the bus mode switchesto 16 bits and port E becomes a
data bus.

The amount of on-chip ROM that can be used on the H85/2246, H8S/2245, H8S/2244, and
H8S5/2243 islimited to 56 kbytes.

Note: Mode 2 cannot be used in the H8S/2240.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal 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.

The amount of on-chip ROM that can be used on the H85/2246, H8S/2245, H85/2244, and
H8S5/2243 islimited to 56 kbytes.

Note: Mode 3 cannot be used in the H85/2240.
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334 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, and ports 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. Pins P1, to P1, function asinput ports
immediately after areset. They can each be set to output address use by setting the corresponding
bits in the data direction register (DDR) to 1.

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 switches to 8 hits.

335 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P1, to P1,, and ports A, B, and C function as an address bus, ports D functions as a data bus,
and part of port F carries bus control signals. Pins P1, to P1, function asinput ports immediately
after areset. They can each be set to output address use by setting the corresponding bitsin the
data direction register (DDR) to 1.

Theinitia bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

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

Pins P1, to P1,, and ports A, B, and C function asinput portsimmediately after areset. They can
each be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port D functions as a data bus, and part of port F carries bus control signals.

The initial bus mode after areset is 8 hits, with 8-bit accessto all areas. However, notethat if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

Note: Mode 6 cannot be used in the H8S/2240.
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3.3.7 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 1/0 ports are available for use as input-output ports.

Note: Mode 7 cannot be used in the H85/2240.

34 Pin Functionsin Each Operating Mode

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.3 shows
their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2** Mode 3**> Mode4 Mode5 Mode 6** Mode 7**

Port1 P1,toP1, P*YT P*YT P*YT P*YTIA  P*YTIA  P*YTIA  P*YT

PortA PA,toPA, P P P A A P*'IA P

Port B A P*YA P A A P*A P

Port C A P*YA P A A P*Y/A P

Port D D D P D D D P

Port E P**/D P*'/D P P/D** P**/D P**/D P

PortF  PF, p/C** p/C** P*YC p/C** p/C** p/C** P*'/C
PF,toPF, C C P C C C P
PF,to PF, P*'/C P*YC P*YC P*'/C P*'/C

Legend:

P: 1/O port

T: Timer /O

A: Address bus output

D: Data bus I/O

C: Control signals, clock I/O

Notes: 1. After reset
2. Cannot be used in the H8S5/2240.
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35 Memory Map in Each Operating Mode

The H8S/2246, H8S/2245, H8S/2244, H8S/2243, H8S/2242, H8S/2241, and H8S/2240 memory
maps are shown in figures 3.1 to 3.7.

The address space is 64 kbytesin modes 1 to 3 (normal modes), and 16 Mbytesin modes 4 to 7
(advanced modes).

The on-chip ROM size is 128 kbytes in the H8S/2246 and H8S/2245, and 64 kbytesin the
H8S5/2244 and H85/2243, but only 56 kbytes are available in modes 2 and 3 (normal modes).

The on-chip ROM size in the H85/2242 and H8S/2241 is 32 kbytes.

The address space is divided into eight areas for modes 4 to 6. For details, see section 6, Bus
Controller.
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO08

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FCO00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

H'0000

H'DFFF

H'E400

HFBFF

H'FE40
H'FFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

‘ Internal 1/0 registers‘

‘ Internal I/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S/2246 Memory Map in Each Operating M ode
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

=~

External address
space

H'FFDCO00

HFFFBFF

On-chip RAM*3

H'FFFCO00
H'FFFE3F

External address
space

Internal 1/O registers

H'FFFFO8

External address
space

HFFFF28
H'FFFFFF

Internal 1/0O registers

(advanced expanded mode
with on-chip ROM enabled)

Mode 6

H'000000

H'0OFFFF
H'010000

H'O1FFFF

On-chip ROM

On-chip ROM/
external address
space™!

H'020000 | External address |

space

H'FFDCO00

HFFFBFF

On-chip RAM*3

H'FFFCO00
H'FFFE3F

External address
space

Internal I/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/O registers

(advanced

Mode 7
single-chip mode)

H'000000
On-chip ROM
HOOFFFF | |
H'010000
On-chip ROM/
reserved area*?
H'01FFFF
H'FFDC00
On-chip RAM
H'FFFBFF
H'FFFE40 .
H'EEEFO7 ‘ Internal 1/O reglsters‘
H'FFFF28 -
H'EFEEEE ‘ Internal 1/0 reglsters‘

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to 0, it is on-chip ROM.

2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when
the EAE bit is cleared to 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S/2246 Memory Map in Each Operating M ode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'EC00

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO00

H'FBFF
H'FC00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

H'0000

H'DFFF

H'EC00

HFBFF

H'FE40
H'FFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

‘ Internal 1/0 registers‘

‘ Internal I/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S/2245 Memory Map in Each Operating M ode

Rev.3.00 Mar. 26, 2007 Page 81 of 772

RENESAS

REJ09B0355-0300




Section 3 MCU Operating Modes

Modes 4 and 5

(advanced expanded modes

with on-chip ROM disabled)

H'000000

External address
space

=— =

H'FFDCO00

Reserved area*3

H'FFEC00
H'FFFBFF

On-chip RAM*3

H'FFFC00
H'FFFE3F

External address
space

Internal 1/0 registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/0O registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

Mode 7
(advanced single-chip mode)

H'000000 H'000000

On-chip ROM On-chip ROM
H'OOFFFF| | HOOFFFF | |
H'010000 H'010000

On-chip ROM/ On-chip ROM/

external address reserved area”2

space*!
H'01FFFF H'01FFFF
H'020000 |_External address | .

" space N

H'FFDCO00

Reserved area”™3
H'FFECO00 . *3 H'FFEC00 .
H'EFEBEE On-chip RAM H'EFFBEF On-chip RAM
H'FFFCO00| External address
H'FFFE3F|Pace :

. H'FFFE40 .

Internal I/O registers HEFFFO7 ‘ Internal 1/0 reg|sters‘
H'FFFFO8| External address

space
H'FFFF28 . H'FFFF28 .
H'FEEFEE Internal I/0O registers H'EEEEEE ‘ Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to 0, it is on-chip ROM.

2. This area is reserved when the EAE bit in BCRL is set to 1, and on-chip ROM when

the EAE bit is cleared to 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S2245 Memory Map in Each Operating Mode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'FBFF
H'FC00
H'FE3F

H'FFO08

H'FF28
H'FFFF

Mode 1

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'FBFF
H'FCO00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

H'0000

H'DFFF

H'E400

HFBFF

H'FE40
H'FFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

‘ Internal 1/0 registers‘

‘ Internal I/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.3 H8S/2244 Memory Map in Each Operating M ode
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

External address
space

H'FFDCO00

H'FFFBFF

On-chip RAM*2

H'FFFCO00
H'FFFE3F

External address
space

Internal I/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal I/O registers

(advanced expanded mode
with on-chip ROM enabled)

Mode 6

H'000000

H'0OFFFF

On-chip ROM

H'010000

H'O1FFFF
H'020000 |

H'FFDCO00

H'FFFBFF
H'FFFCO00
H'FFFE3F
H'FFFFO8

H'FFFF28

T space

External address
space/reserved

*
area™!

| External address |

On-chip RAM*2

External address
space

Internal I/O registers

External address
space

H'FFFFFF

Internal I/0O registers

(advanced

Mode 7
single-chip mode)

H'000000

On-chip ROM
H'00FFFF
H'FFDCO00

On-chip RAM
H'FFFBFF
H'FFFE40 ‘ : ‘
H'EEEEO07 Internal I/O registers
H'FFFF28 )
H'EFFFFF ‘ Internal I/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure 3.3 H852244 Memory Map in Each Operating Mode (cont)
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(normal expanded mode
with on-chip ROM disabled)

H'0000

H'E400

H'EC00

H'FBFF
H'FC00
H'FE3F

H'FFO08

H'FF28
H'FFFF

Mode 1

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal 1/O registers

(normal expanded mode
with on-chip ROM enabled)

H'0000

H'DFFF
H'E000

H'E400

H'ECO00

H'FBFF
H'FCO00
H'FE3F

H'FFO8

H'FF28
H'FFFF

Mode 2

On-chip ROM

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers

External address
space

Internal I/O registers

H'0000

H'DFFF

H'EC00

HFBFF

H'FE40
H'FFO7

H'FF28
H'FFFF

Mode 3

(normal single-chip mode)

On-chip ROM

On-chip RAM

‘ Internal 1/0 registers‘

‘ Internal I/0 registers‘

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.4 H8S/2243 Memory Map in Each Operating M ode
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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) 9 P

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM

External address
Space H'00FFFF H'00FFFF
H'010000

External address

space/reserved
area*!
H'01FFFF
L S H'020000 | | External address | .
N N | space N
H'FFDCO00 Reserved area®2 H'FFDCO00 Reserved area*?
H'FFECO00 . *o H'FFECO00 . - H'FFECO00 e
H'EFFBEF On-chip RAM H'EFEBEFE On-chip RAM A On-chip RAM
H'EFFFCO00 | External address H'FFFCO00| External address
H'FFFE3F | SPace : HFFFE3F|=P2ce : H'FFFE40 :
Internal 1/O registers Internal 1/O registers H'EEEFO7 ‘Internal 110 reglsters‘
H'FFFFOS8 | External address H'FFFFO8| External address
space space
H'FFFF28 ; H'FFFF28 . H'FFFF28 .
Internal 1/O registers ‘ ‘
H'EEFEEE g HEFEEEF Internal 1/O registers HEFFEEF Internal 1/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.4 H8S2243 Memory Map in Each Operating Mode (cont)
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Mode 1 Mode 2
(normal expanded mode (normal expanded mode
with on-chip ROM disabled) with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOQO | External address
space
H'E400 H'E400 H'E400
On-chip RAM* On-chip RAM* On-chip RAM

H'FBFF H'FBFF H'FBFF
H'FCO00 | External address H'FCO00 | External address
H'FE3F [>Pace - H'FE3F [>Pace - H'FE40 .

Internal I/O registers Internal I/O registers H'EED7 ‘Internal 110 reglsters‘
H'FFO8 | External address H'FFO8 | External address

space space
H'FF28 - H'FF28 , H'FF28 :

Internal 1/O registers ‘ ‘
HFEEF g HEFEE Internal I/O registers H'EFEE Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H8S/2242 Memory Map in Each Operating M ode
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

External address
space

H'FFDCO00

H'FFFBFF

On-chip RAM*2

H'FFFCO00

External address
space

H'FFFE3F

Internal 1/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/O registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'008000

H'00FFFF

Reserved area

H'010000

H'OLFFFF
H'020000 |

H'FFDCO00

H'FFFBFF
H'FFFCO00
H'FFFE3F
H'FFFFO8
H'FFFF28

T space

External address
space/reserved

*
area™!

| External address |

On-chip RAM*2

External address
space

Internal 1/O registers

External address
space

H'FFFFFF

Internal 1/O registers

Mode 7
(advanced single-chip mode)

H'000000

On-chip ROM
H'007FFF
H'FFDC00

On-chip RAM
H'FFFBFF
H'FFFE40 ,
H'EEEFO7 ‘ Internal I/O reglsters‘
H'FFFF28 :
H'EEEEEE ‘ Internal 1/0 reglsters‘

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE
bit is cleared to 0, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H852242 Memory Map in Each Operating Mode (cont)
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Section 3 MCU Operating Modes

Mode 1 Mode 2
(normal expanded mode (normal expanded mode
with on-chip ROM disabled) with on-chip ROM enabled)

Mode 3
(normal single-chip mode)

H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
H'7FFF H'7FFF
External address H'8000
space

Reserved area

H'DFFF
H'EOOO | External address
space
' H'E400
H'E400 Reserved area* Reserved area*
H'EC00 H'EC00 H'EC00
On-chip RAM* On-chip RAM* On-chip RAM
H'FBFF H'FBFF H'FBFF
H'FCO00 | External address H'FCO00 | External address
HFE3F [-SPace _ H'FE3F |-SPace . H'FE40 ,
Internal I/O registers Internal I/O registers H'EED7 ‘Internal 110 reglsters‘
H'FFO8 | External address H'FFO8 | External address
space space
H'FF28 - H'FF28 , H'FF28 :
Internal I/O registers ‘ ‘
HEFEE g HEFEE Internal I/O registers H'EFEE Internal I/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.6 H8S/2241 Memory Map in Each Operating M ode
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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) 9 P

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'007FFF H'007FFF
H'008000

Reserved area

External address

space H'00FFFF
H'010000
External address
space/reserved
area*!
H'01FFFF
4 . H'020000 |_External address_| .
N N | space N
H'FFDCO00 Reserved area®2 H'FFDCO00 Reserved area*?
H'FFECO00 . *o H'FFECO00 . - H'FFECO00 e
H'EFFBEF On-chip RAM H'EFEBEFE On-chip RAM A On-chip RAM
H'EFFFCO00 | External address H'FFFCO00| External address
H'FFFE3F | SPace _ H'FFFE3FSPace _ H'EEFE40 :
Internal 1/O registers Internal 1/O registers H'EEEFO7 ‘Internal 110 reglsters‘
H'FFFFOS8 | External address H'FFFFO8| External address
space space
H'FFFF28 ; H'FFFF28 . H'FFFF28 .
Internal 1/O registers ‘
H'EEFEEE g HEFEEEF Internal 1/O registers HEFFEEF Internal 1/O registers

Notes: 1. When the EAE bit in BCRL is set to 1, this area is external address space. When the EAE

bit is cleared to 0, it is reserved.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.6 H852241 Memory Map in Each Operating Mode (cont)
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Section 3 MCU Operating Modes

(normal expanded mode
with on-chip ROM disabled)

Mode 1

H'0000

External address
space

H'E400

Reserved area*®

H'ECO00

H'FBFF

On-chip RAM*

H'FCO0

External address
space

H'FE3F

Internal /O registers

H'FF08

External address
space

H'FF28

Internal 1/O registers

H'FFFF

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000

External addres:
space

S

H'FFDCO00

Reserved area*

H'FFEC00
H'FFFBFF

On-chip RAM*

H'FFFCO0
H'FFFE3F

External address
space

Internal 1/O registers

H'FFFFO8

External address
space

H'FFFF28
H'FFFFFF

Internal 1/O registers

Figure3.7 H8S/2240 Memory Map in Each Operating Mode (Modes 1, 4, and 5 Only)
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, 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. See appendix D.1, Port Statesin Each
Mode.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM 1 bits of SY SCR.

Table4.1 Exception Handling Typesand Priority

Priority Exception Handling Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at
the RES pin, or when the watchdog timer overflows.

Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has
been issued**

Low Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA)
Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

2. Trap instruction exception handling requests are accepted at all times in program
execution state.

4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. Theinterrupt mask hits are updated.

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.
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Section 4 Exception Handling

4.1.3 Exception Sour ces and 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

Exception External interrupts: NMI, IRQ7 to IRQO

Interrupts . . .
sources P Internal interrupts: 34 interrupt sources in

on-chip supporting modules

\_ Trap instruction

Figure4.1 Exception Sources

In modes 6 and 7, the on-chip ROM available for use on the H85/2246 and H85/2245 after a
power-on reset is the 64-kbyte area comprising addresses H'000000 to H'O0FFFF. Care is required
when setting vector addresses. In this case, clearing the EAE bit in BCRL enables the 128-kbyte
area comprising addresses H'000000 to H'01FFFF to be used for the on-chip ROM.
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0006

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

H'000A to H'000B

H'0014 to H'0017

H'000C to H'000D

H'0018 to H'001B

External interrupt

NMI

H'000E to H'000F

H'001C to H'001F

Trap instruction (4 sources)

H'0010 to H'0011

H'0020 to H'0023

Ol N|O|O| B[l W[N|L,|O

H'0012 to H'0013

H'0024 to H'0027

[EnY
o

H'0014 to H'0015

H'0028 to H'002B

[ERN
[N

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EnY
N

H'0018 to H'0019

H'0030 to H'0033

[EnY
w

H'001A to H'001B

H'0034 to H'0037

[ERY
I

H'001C to H'001D

H'0038 to H'003B

[EEY
)]

H'001E to H'O01F

H'003C to H'003F

External interrupt

IRQO

=
[o)]

H'0020 to H'0021

H'0040 to H'0043

IRQ1

[
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

=
oo

H'0024 to H'0025

H'0048 to H'004B

IRQ3

=
©

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

N
=

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F

Internal interrupt*?

N
S

© __
-

H'0030 to H'0031

|
H'00B6 to H'00B7

H'0060 to H'0063

|
H'016C to H'O16F

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.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the H8S5/2245 Group enters the 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 begins when the RES pin changes from low to high.

Thelevel of the NMI pin at reset determines whether the type of reset is a power-on reset or a
manual reset.

The H85/2245 Group can aso be reset by overflow of the watchdog timer. For details see section
11, Watchdog Timer.

4.2.2 Reset Types

A reset can be of either of two types: a power-on reset or amanual reset. Reset types are shown in
table 4.3.

The internal state of the CPU isinitialized by either type of reset. A power-on reset also initializes
all the registersin the on-chip peripheral modules, while a manual reset initializes all the registers
in the on-chip supporting modules except for the bus controller and 1/0 ports, which retain their
previous states.

With amanual reset, since the on-chip supporting modules are initialized, ports used as on-chip
supporting module 1/0O pins are switched to I/O ports controlled by DDR and DR.

Table4.3 Reset Types

Reset Transition

Conditions Internal State
Type NMI RES CPU On-Chip Supporting Modules
Power-on reset High Low Initialized Initialized
Manual reset Low Low Initialized Initialized, except for bus controller

and 1/O ports
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A reset caused by the watchdog timer can also be of either of two types: a power-on reset or a
manual reset.

423 Resat Sequence
The H85/2245 Group enters the reset state when the RES pin goes low.

To ensure that the H8S5/2245 Group isreset, hold the RES pin low for at least 20 ms at power-up.
To reset the H8S/2245 Group during operation, hold the RES pin low for at least 20 states. See
appendix D.1, Port Statesin Each Mode.

When the RES pin goes high after being held low for the necessary time, the H8S/2245 Group
starts reset exception handling as follows:

1. Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

2. Thereset 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.

Vector Internal Fetch of first program
fetch  processing instruction

¢ I e e
RES / | | | | |
Internal f f i i i
;(}g:ggs bus X @) X ®) X X:
Internal read ‘ | | | |
signal : ! :

Internal write

signal High
Internal data {(2) ) @)
bus 1 \_/ 1 ‘

(1) Reset exception handling vector address ((1) = H'0000)

(2) Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Modes2 and 3)
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Internal Fetch of first

Vectorfetch  processing  program instruction

- -

(p B : - .
RES / i i A 3

Address bus (1) X ®) X ®) X:
o I |
AWR, LWR High |

Dy 0 Do (@) (@) — ®

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(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.

Figure 4.3 Reset Sequence (Mode 4)

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 aprogram is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

425 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCR isinitialized to H'3FFF and all modules except the DTC enter
modul e 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.
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4.3 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
34 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-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer
controller (DTC), and A/D converter. 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
three priority/mask levelsto enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

(" External NMI (1)
interrupts IRQ7 to IRQO (8)

Interrupts
WDT* (1)
TPU (13)
Internal 8-bit timer (6)
_ interrupts SCI (12)
DTC (1)

A/D converter (1)

Notes: Numbers in parentheses are the numbers of interrupt sources.

* When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 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 4.4 shows the status of CCR after execution of trap instruction exception handling.

Table4.4 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode I ul
0 1 —
1 1 1
Legend:
1: Settol

—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP —» CCR

(16 bits)

\/—\

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal Modes)

SP —m CCR

,,,,,,,,,, PC J

\/\

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.6 Notes on Use of the Stack

When accessing word data or longword data, the H85/2245 Group 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:

PUSH W Rn (or MOV.WRn, @ SP)
PUSH L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

POP.W  Rn (or MOV. W @P+, Rn)
POP. L ERn  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to amalfunction. 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
sP» | 1 | ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7
—_— B —

SP set to HFFFEFF  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 H85/2245 Group controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bits
in the system control register (SY SCR).

Priorities settable with ICR

O Aninterrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for all interrupts except NMI.

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 external interrupts

O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

O Faling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO.

DTC control
0 DTC activation is performed by means of interrupts.
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5.1.2 Block Diagram

A block diagram of the interrupt controller is shown in figure 5.1.

INTM1 INTMO
SYSCR|
NMIEG | L
NMI input = NMI input unit - Interrupt
request
BA —1 | IRQinputunit |——
IRQ input Q IS?? - Vector

number
ISCR IER Priority

determination

CPU

. I, Ul
Internal interrupt
request
WOVI to TEI
ICR
Interrupt controller

Legend:

ISCR :IRQ sense control register

IER : IRQ enable register

ISR : IRQ status register

ICR : Interrupt control register

SYSCR : System control register

| CCR

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 I/0 Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or

requests 7to 0 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'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)*? H'00 H'FF2F
Interrupt control register A ICRA R/W H'00 H'FECO
Interrupt control register B ICRB R/W H'00 H'FEC1
Interrupt control register C ICRC R/W H'00 H'FEC2

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

‘ — ‘ — ‘ INTM1 ‘ INTMO ‘ NMIEG ‘ — ‘ — ‘ RAME ‘
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W — — R/W

SY SCR 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 areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (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 1 Interrupts are controlled by | and Ul bits and ICR
1 0 — Setting prohibited
1 — Setting prohibited

Bit 3—NM | Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

WDescription

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 Interrupt Control Registers A to C (ICRA to ICRC)

Bit : 7 6 5 4 3 2 1 0

‘ ICR7 ‘ ICR6 ‘ ICR5 ‘ ICR4 ‘ ICR3 ‘ ICR2 ‘ ICR1 ‘ ICRO ‘
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 ICR registers are three 8-hit readabl e/writable registers that set the interrupt control level for
interrupts other than NMI.

The correspondence between ICR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn):

Bit n

WDescription

0 The corresponding interrupt requests have priority level 0 (low priority)  (Initial value)
1 The corresponding interrupt requests have priority level 1 (high priority)

Note: n=7to0

Table5.3  Correspondence between Interrupt Sourcesand ICR Settings

Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog —
IRQ3 IRQ5 IRQ7 timer
ICRB — A/D TPU TPU TPU — — —
converter channel 0 channell channel 2
ICRC 8-bit timer 8-bit timer — SCI SCI SCI — —
channel 0 channel 1 channel 0 channel 1 channel 2
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523  |IRQ Enable Register (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.

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupts disabled (Initial value)

1 IRQn interrupts enabled

Note: n=7to0

524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit : 15 14 13 12 11 10 9 8
‘ IRQ7SCB ‘ IRQ?SCA‘ IRQGSCB‘ IRQGSCA‘ 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 ‘ IRQESCA‘ IRQ2SCB ‘ IRQZSCA‘ IRQ1SCB ‘ IRQLSCA ‘ 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
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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.

Bits 15 to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQ0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
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

525  IRQ StatusRegister (ISR)

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
R/W . RI(W)*  R/I(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.
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Bits 7 to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n
IRQnF  Description

0 [Clearing conditions] (Initial value)
e Cleared by reading IRQnF flag when IRQnF = 1, then writing O to IRQnF flag
«  When IRQn 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 (IRQnSCB =1 or IRQNSCA =1)
e When DTC is activated by IRQn interrupt while DISEL bit of MRB in DTC is 0.
1 [Setting conditions]
«  When IRQn 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
(IRQnNSCB =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)
Note: n=7t00
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (34
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO can
be used to restore the H8S5/2245 Group from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is aways accepted by the CPU
regardless of 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.

IRQ7 to 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, it is 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 control level can be set with ICR.

» The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQNE
IRQNSCA, IRQNSCB

‘ IRQNF
Edge/level s IRQn interrupt
detection circuit g Q request
IRQn input r R

Clear signal

Note: n=7t00

Figure5.2 Block Diagram of InterruptsIRQ7 to IRQO

Figure 5.3 shows the timing of setting IRQNF.
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IRQnN
input pin \

IRQNF

Note: n=71t00

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. Interrupt request flags
IRQ7 to IRQO are set when the setting condition is met, regardless of the |ER setting, and
therefore only the necessary flags should be checked.

532 Internal Interrupts
There are 34 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of theseis set to
1, an interrupt request isissued to the interrupt controller.

* Theinterrupt control level can be set by means of ICR.

e TheDTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request. When the
DTC isactivated by an interrupt, it is not affected by the interrupt control mode and interrupt
mask hits.

533 Interrupt Exception Handling Vector Table

Table 5.4 shows 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 ICR. 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 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address*

Origin of
Interrupt ~ Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E H'001C High
IRQO pin 16 H0020  H'0040 ICRA7 T
IRQ1 17 H'0022 H'0044 ICRA6
IRQ2 18 H'0024 H'0048 ICRA5
IRQ3 19 H'0026 H'004C
IRQ4 20 H'0028 H'0050 ICRA4
IRQ5 21 H'002A H'0054
IRQ6 22 H'002C  H'0058 ICRA3
IRQ7 23 H'002E H'005C
SWDTEND (software DTC 24 H'0030 H'0060 ICRA2
activation interrupt end)
WOVI (interval timer) Watchdog 25 H'0032 H'0064 ICRAL
timer
Reserved — 26 H'0034 H'0068 ICRAO
— 27 H'0036 H'006C ICRB7
ADI (A/D conversion end) A/D 28 H'0038 H'0070 ICRB6
Reserved — 29 H'003A H'0074
30 H'003C  H'0078
31 H'003E H'007C
TGIOA (TGROA input TPU 32 H'0040 H'0080 ICRB5
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0042 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0044 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'0046 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0048 H'0090
Reserved — 37 H'004A H'0094
38 H'004C  H'0098
39 H'004E H'009C Low
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Vector Address*

Origin of
Interrupt  Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
TGI1A (TGR1A input TPU 40 H'0050 H'00A0 ICRB4 High
capture/compare match) channel 1 3
TGI1B (TGR1B input 41 H'0052 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'0054 H'00A8
TCI1U (underflow 1) 43 H'0056 H'00AC
TGI2A (TGR2A input TPU 44 H'0058 H'00BO ICRB3
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'005A  H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'005C H'00B8
TCI2U (underflow 2) 47 H'005E H'00BC
Reserved — 48 H'0060 H'00CO ICRB2
49 H'0062 H'00C4
50 H'0064 H'00C8
51 H'0066 H'00CC
52 H'0068 H'00DO
53 H'006A  H'00D4
54 H'006C  H'00D8
55 H'006E H'00DC
— 56 H'0070 H'00EOQ ICRB1
57 H'0072 H'00E4
58 H'0074 H'00E8
59 H'0076 H'00EC
— 60 H'0078 H'00F0 ICRBO
61 H'007A  H'OOF4
62 H'007C  H'OOF8
63 H'007E H'00FC Low
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Vector Address*

Origin of
Interrupt  Vector Normal  Advanced
Interrupt Source Source Number Mode Mode ICR Priority
CMIAO (compare match A) 8-bit timer 64 H'0080 H'0100 ICRC7 High
A

CMIBO (compare match B) channel 0 65 H'0082 H'0104 1
OVIO (overflow 0) 66 H'0084 H'0108
Reserved — 67 H'0086 H'010C
CMIAL (compare match A) 8-bit timer 68 H'0088 H'0110 ICRC6
CMIB1 (compare match B) ~ channell  gq HO08A  HO0114
OVI1 (overflow 1) 70 H'008C  H'0118
Reserved — 71 H'008E H'011C
Reserved — 72 H'0090 H'0120 ICRC5

73 H'0092 H'0124

74 H'0094 H'0128

75 H'0096 H'012C

76 H'0098 H'0130

77 H'009A  H'0134

78 H'009C  H'0138

79 H'009E H'013C
ERIO (receive error 0) SCI 80 H'00A0 H'0140 ICRC4
RXIO (reception completed 0) channel0  gq HO0A2  HO0144
TXIO (transmit data empty 0) 82 H'00A4 H'0148
TEIO (transmission end 0) 83 H'00A6 H'014C
ERI1 (receive error 1) SCI 84 H'00A8 H'0150 ICRC3
RXI1 (reception completed 1) channel 1 85 H'0O0AA  H'0154
TXI1 (transmit data empty 1) 86 H'0O0AC  H'0158
TEI1 (transmission end 1) 87 H'0O0AE  H'015C
ERI2 (receive error 2) SCI 88 H'00BO H'0160 ICRC2
RXI2 (reception completed 2) channel 2 89 H'00B2 H'0164
TXI2 (transmit data empty 2) 90 H'00B4 H'0168
TEI2 (transmission end 2) 91 H'00B6  H'016C Low

Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

54.1 Interrupt Control Modesand Interrupt Operation
Interrupt operations in the H8S/2245 Group 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.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bitsin the CPU's CCR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Interrupt
Control Mode INTM1 INTMO Setting Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is
performed by the | bit.

Priority can be set with ICR.

1 1 ICR I, Ul 3-level interrupt mask control
is performed by the | and Ul
bits.

Priority can be set with ICR.
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Figure 5.4 shows a block diagram of the priority decision circuit.

ICR

Interrupt ——\
source

Interrupt acceptance

control and >

3-level mask control

Interrupt control modes

Oand 1

Default priority

determination Vector

number

Figure5.4 Block Diagram of Interrupt Control Operation

(1) Interrupt Acceptance Control and 3-Level Control

Interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bits
in CCR, and ICR (control level).

Table 5.6 shows the interrupts selected in each interrupt control mode.

Table5.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI and control level 1 interrupts
NMI interrupts
Legend:

*: Don't care
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(2) Default Priority Determination

When an interrupt is selected its priority is determined and a vector number is generated.

If the same valueis set for ICR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the table 5.4 and has a vector number

generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.

Table 5.7 shows operations and control signal functionsin each interrupt control mode.

Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance

Interrupt Control Setting Control 3-Level Control Default Priority
Mode Determination
INTM1 INTMO | Ul ICR
0 0 0 O IM — PR O
1 O IM IM PR O
Legend:

O: Interrupt operation control performed
IM: Used as interrupt mask bit

PR: Sets priority.
—: Not used.
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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, and ICR. Interrupts are enabled when the | bit is cleared to O,
and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting 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] Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit is set to 1, only an NMI interrupt 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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1

| Program execution status |

|

Interrupt generated?

Yes

Yes

ending

A

Yes

|
| Save PC and CCR |

!

| |

Y

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5.5 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode O
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54.3 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU's CCR, and ICR.

» Control level 0 interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

» Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQ3 interrupts are set to control
level 1 and other interrupts to control level 0), the situation is as follows:

 When| =0, all interrupts are enabled

(Priority order: NMI > 1RQ2 > IRQ3 > IRQO ...)
 Whenl| =1and Ul =0, only NMI, IRQ2, and IRQ3 interrupts are enabled
e Whenl =1and Ul =1, only NMI interrupts are enabled

Figure 5.6 shows the state transitions in these cases.

Only NMI, IRQ2, and
IRQ3 interrupts enabled

Exception handling execution
orUl « 1

10
All interrupts enabled D l<1.U <0

<0 Ul -0

Only NMI interrupts enabled

Exception handling execution
orl « 1,Ul « 1

Figure5.6 Exampleof State Transitionsin Interrupt Control Mode 1

Figure 5.7 shows a flowchart of the interrupt acceptance operation in this case.
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[1] If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting 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] Thel bitisthen referenced. If the | bit iscleared to 0, it is not affected by the Ul bit.

An interrupt request set to interrupt control level 0 is accepted when the | bit is cleared to 0. If
thel bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level 0, and is accepted if the |l bitiscleared to O, or if the | bitsissetto 1 and
the Ul bit iscleared to 0.

When both the | bit and the Ul bit are set to 1, only an NMI interrupt 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, the | and Ul bitsin CCR are set 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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1

| Program execution status|

=~

Interrupt generated?

Hold pending

A

Control level 1
interrupt?
Yes

Y

| Save PC and CCR |

1

| lc1,Ul 1 |

1

| Read vector address |

|Branch to interrupt handling routine|

Figure5.7 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 1
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Interrupt Exception Handling Sequence

5.4.4

Figure 5.8 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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Figure5.8 Interrupt Exception Handling
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545 Interrupt Response Times

The H85/2245 Group 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 5.8 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.8 are explained in table 5.9.

Table5.8 Interrupt Response Times

Normal Mode Advanced Mode
No. Execution Status INTM1 =0 INTM1=0
Interrupt priority determination** 3 3
Number of wait states until executing 1to 19+2-S, 1to 19+2-S,
instruction ends*?
3 PC, CCR stack save 2-S, 2-S,
4 Vector fetch S, 2'S,
5 Instruction fetch** 2S, 2:S,
6 Internal processing** 2 2
Total (using on-chip memory) 11to 31 12to 32

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.

Table5.9 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 S,

Legend:
m: Number of wait states in an external device access.
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55 Usage Notes

551 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, 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 asBCLR or
MOV, if an interrupt 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 there is 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.
Figure 5.9 shows and example in which the CMIEA bit in 8-bit timer TCR is cleared to 0.

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

TCR write cycle by CPU CMIA exception handling
(p ———
Internal >< TCR address X
address bus

Internal
write signal

CMIEA

CMFA

CMIA
interrupt signal

Figure5.9 Contention between Interrupt Generation and Disabling
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55.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interruptsincluding NMI are disabled and the next instruction is
always executed. When the | bit or Ul 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.

554 Interrupts during Execution of EEPM OV Instruction

Interrupt operation differs between the EEPMOV .B instruction and the EEPM OV .W instruction.

With the EEPM OV .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 is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

55.5 IRQ Interrupt

When operating by clock input, acceptance of input to an IRQ is synchronized with the clock. In
software standby mode, the input is accepted asynchronously. For details on the input conditions,
see section 19.4.2, Control Signal Timing.
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556 NMI Interrupt Usage Notes

The NMI interrupt is part of the exception processing performed cooperatively by the LSl's
internal interrupt controller and the CPU when the system is operating normally under the
specified electrical conditions. No operations, including NMI interrupts, are guaranteed when
operation is not normal (runaway status) due to software problems or abnormal input to the LSI's
pins. In such cases, the LSI may be restored to the normal program execution state by applying an
external reset.

5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
» Activation request to DTC
» Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC, see section 7, Data
Transfer Controller.
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56.2 Block Diagram

Figure 5.10 shows a block diagram of the DTC and interrupt controller.

Control logic

|
DTC activation

request vector
number

Interrupt
request Selection
circuit
IRQ
interrupt Select
signal
Clear signal
) Interrupt source DTCER
On-chip clear signal
supporting
module
DTVECR
SWDTE
clear signal
Interrupt controller

Determination of
priority

Clear signal

DTC

CPU interrupt
request vector

number

I, Ul

CPU

Figure5.10 Interrupt Control for DTC

5.6.3 Operation

The interrupt controller has three main functionsin DTC control.

(1) Selection of Interrupt Source

Interrupt sources can be specified as DTC activation requests or CPU interrupt requests by means

of the DTCE hit of DTCEA to DTCEF inthe DTC.

After aDTC datatransfer, the DTCE hit can be cleared to 0 and an interrupt request sent to the

CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC has performed the specified number of data transfers and the transfer counter value
is zero, the DTCE bit is cleared to O and an interrupt request is sent to the CPU after the DTC data

transfer.
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(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 7.3.3, DTC Vector Table, for the respective
priorities.

(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.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE hit of DTCEA to DTCEF in the DTC and the DISEL bit of MRB in
the DTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X VAN
1 0 VAN X

©) A

Legend:

A\ 1 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

(4) Usage Note

SCI and A/D converter interrupt sources are cleared when the appropriate DTC register isread or
written to, and are independent of the DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H85/2245 Group 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 and the data transfer controller (DTC).

6.1.1 Features
The features of the bus controller are listed below.

» Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 128-kbytes/2-Mbytes
O Innormal mode, manages the external space asasingle area
O Bus specifications can be set independently for each area
0 Burst ROM interface can be set
» Basic businterface
O Chip select (CSO to CS3) can be output for areas 0 to 3
O 8-bit 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
* Burst ROM interface
0 Burst ROM interface can be set for area 0
O 1-state or 2-state burst access can be selected
» ldlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidle cycle can beinserted in case of an external write cycleimmediately after an
externa read cycle

e Busarbitration function

O Includes abus arbiter that arbitrates bus mastership among the CPU, and DTC
e Other features

O Externa bus release function

Rev.3.00 Mar. 26, 2007 Page 131 of 772
REJ09B0355-0300
RENESAS



Section 6 Bus Controller

6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS0to CS3 ~_ Internal
Area decoder . address bus
Q
ABWCR
External bus control signals ASTCR :
BCRH [
BCRL [

BREQ —————*™

BAALS - |
BACK Bus Internal control

BREQO <+— controller signals

— Bus mode signal

Internal data bus

Q

[A—— - Wait
WAIT controller WCRH
WCRL
~—— CPU bus request signal
) ~~—— DTC bus request signal
Bus arbiter .
— CPU bus acknowledge signal
— DTC bus acknowledge signal
Legend:

ABWCR: Bus width control register
ASTCR: Access state control register
WCRH:  Wait control register H
WCRL:  Wait control register L
BCRH:  Bus control register H
BCRL:  Bus control register L

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol I/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 written, and upper half (D, to D,) of data
bus is enabled.

Low write LWR Output  Strobe signal indicating that external space is
to be written, and lower half (D, to D,) of data
bus is enabled.

Chip select 0 S0 Output  Strobe signal indicating that area 0 is selected.

Chip select 1 Cst1 Output  Strobe signal indicating that area 1 is selected.

Chip select 2 CSs2 Output  Strobe signal indicating that area 2 is selected.

Chip select 3 CSs3 Output  Strobe signal indicating that area 3 is selected.

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 acknowledge BACK Output  Acknowledge signal indicating that bus has

been released.

Bus request output BREQO Output  External bus request signal used when
internal bus master accesses external space
when external bus is released.
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6.1.4 Register Configuration
Table 6.2 summarizes the registers of the

Table6.2 BusController Registers

bus controller.

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 H'FF Retained HFED1
Wait control register H WCRH R/W  HFF Retained H'FED2
Wait control register L WCRL RW  HFF Retained  H'FED3
Bus control register H BCRH R/W  HDO Retained  H'FED4
Bus control register L BCRL R/W  H3C Retained H'FED5

Notes: 1. Lower 16 bits of the address.

2. Determined by the MCU operating mode.
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
‘ ABW7 ‘ ABW6 ‘ ABW5 ‘ ABW4 ‘ ABW3 ‘ ABW?2 ‘ ABW1 ‘ ABWO ‘
Modes 1, 2,3,5,6, 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 isan 8-bit readable/writable register that designates each areafor either 8-bit access or
16-hit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless 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 1,
2,3,and5, 6, 7, and to H'00 in mode 4. It is not initialized by a manual reset or in software
standby mode.

Bits7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO): These hits select whether the
corresponding areaisto be designated for 8-bit access or 16-bit access. In normal mode, only part
of area 0 is enabled, and the ABWO bit selects whether external spaceisto be designated for 8-bit
access or 16-bit access.

Bit n

WDescription

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

Note: n=71t00
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6.2.2 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 isan 8-bit 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 amanual 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 area is to be designated as a 2-state access space or a 3-state access space. In
norma mode, only part of area 0 is enabled, and the ASTO bit selects whether external spaceisto
be designated for 2-state access or 3-state access.

Wait state insertion is enabled or disabled at the same time.

Bit n
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

Note: n=71t00
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readabl e/writable registers that select the number of program wait
states for each area.

In normal mode, only part of areais 0 is enabled, and bits W01 and WOO select the number of
program wait states for the external space. The settings of bits W71, W70 to W11, and W10 have
no effect on operation.

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 ‘ w4l ‘ 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 bits select the number of
program wait states when area 7 in external space is accessed while the 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)
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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 bit in 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)

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)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These hits select the number of
program wait states when area 4 in external space is accessed while the AST4 bitin ASTCR is set
to 1.

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 ‘ Wil ‘ W10 ‘ W01 ‘ 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 bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set
to 1.

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 while the AST2 bit in 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 bits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in 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)

Bits1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These hits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 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 0 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)
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6.24 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0

‘ ICIS1 ‘ ICISO ‘BRSTRM‘ BRSTSl‘ BRSTSO‘ — ‘ — ‘ — ‘
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W (RIW) (RIW) (RIW)

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 0.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is hot
initialized by amanual reset or in software standby mode.

Bit 7—Ildle Cyclelnsert 1 (I1CIS1): Selects whether or not oneidle 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 CycleInsert 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)
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Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface. In normal mode, the selection can be made from the entire external space.

Bit 5
BRSTRM Description

0 Area 0 is basic bus interface (Initial value)

1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRSTS1): 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)

Bit 3—Bur st Cycle Select 0 (BRSTS0): 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—Reserved: Only 0 should be written to these bits.
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6.2.5 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0

‘ BRLE ‘BREQOE‘ EAE ‘ — ‘ — ‘ ASS ‘ — ‘ WAITE ‘
Initial value : 0 0 1 1 1 1 0 0
R/W : R/W R/W R/W (RW)  (RIW) R/W (R/IW) R/W

BCRL is an 8-hit readable/writable register that performs selection of the external bus release state
protocol, selection of the area partition unit and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by amanual 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 /O ports.
(Initial value)

1 External bus release is enabled.

Bit 6—BREQO Pin Enable (BREQOE): Outputsasignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus release state, when an internal bus
master performs an external space access.

Bit 6

MDescription

0 BREQO output disabled. BREQO can be used as 1/O port. (Initial value)
1 BREQO output enabled.
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Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'O1FFFF are
to be internal addresses or external addresses.

This setting isinvalid in normal mode.

Bit 5

EAE Description

0 Addresses H'010000 to H'O1FFFF are in on-chip ROM (H8S/2246 and H8S/2245) or
a reserved area* (H8S/2244, H8S/2243, H8S/2242, and H8S/2241).

1 Addresses H'010000 to H'O1FFFF are external addresses (external expansion mode)
or a reserved area* (single-chip mode). (Initial value)

Note: * Reserved areas should not be accessed.

Bits 4 and 3—Reserved: Only 1 should be written to these bits.

Bit 2—Area Partition Unit Select (ASS): Selects the area partition unit.

Bit 2

ASS Description

0 Area partition unit is 128 kbytes (1 Mbit)

1 Area partition unit is 2 Mbytes (16 Mbits) (Initial value)

Bit 1—Reserved: Only 0 should be written to this bit.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit O

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
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6.3

6.3.1

Area Partitioning

Overview of Bus Control

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 128-kbyte or 2-Mbyte units, and performs bus control for external space in areaunits. In

normal mode, it controls a 64-kbyte address space comprising part of area 0. Figure 6.2 shows an
outline of the memory map.

Chip select signals (CSO to CS3) can be output for areas 0 to 3.

H'000000
H'OLFFFF
H'020000
H'03FFFF
H'040000
H'O5FFFF
H'060000
H'O7FFFF
H'080000
H'09FFFF
H'0A0000
H'OBFFFF
H'0C0000
H'ODFFFF
H'0E0000

H'FFFFFF

()]

Advanced mode
When ASS =0

Area 0 H'000000
(128 kbytes)  [~77TTTTTTIT Area 0
Area 1 (2 1bvies)
(128 kbytes) H'1FFFFF
H'200000
Area 2
(128 kbytes) e
Area 3 s
(128 kbytes) P 00000
H'400000
Area 4 Area 2
128 kb
( ytes) (2 Mbytes)
Area 5
H'SFFFFF
(128 kbytes) H'600000
Area 6
Area 3
(128 Kbytes) (2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
2 Mbytes
Area 7 H'BFFFFF ( "
(15 Mbytes) H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
. _HFFFFFE

(2) Advanced mode
When ASS =1

(3) Normal mode

Figure6.2 Overview of Area Partitioning
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and internal /O 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-hbit access space.

If al areas are designated for 8-bit access, 8-bit bus mode is 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 mode is
always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR. An area
for which 2-state access is 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 burst ROM interface, the number of statesis one or two regardless of the ASTCR setting.
When 2-state access space is designated, wait insertion is disabled.

(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 O to 3 program wait states can be selected.
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Table 6.3 shows the bus specifications for each basic bus interface area.

Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WCRH WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn Wwn1l Wn0 Bus Width Access States Program Wait
States
0 0 — — 16 2 0
0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

6.3.3 Memory Interfaces

The H85/2245 Group memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on; and a burst ROM interface that allows direct connection
of burst ROM.

An areafor which the basic bus interface is designated functions as normal space, and an areafor
which the burst ROM interface is designated functions as burst ROM space.
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6.3.4 Advanced Mode

Theinitia state of each areais basic bus interface, 3-state access space. Theinitia buswidthis
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface should be referred to for further details.

Area0

Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area0 is external
space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external space.

When area 0 external space is accessed, the CSO0 signal can be outpuit.

Either basic businterface or burst ROM interface can be selected for area 0.

The size of area 0 is switched between 128 kbytes and 2 Mbytes according to the state of the ASS
bit.

Areas1to6

In external expansion mode, all of area 1 to 6 is external space.

When area 1 to 3 external space is accessed, the CS1 and CS3 pin signals respectively can be
output.

Only the basic bus interface can be used for areas 1 and 6.

The size of areas 1 to 6 is switched between 128 kbytes and 2 Mbytes according to the state of the
ASS bit.

Area’7

Area 7 includes the on-chip RAM and internal 1/0 registers. In external expansion mode, the space
excluding the on-chip RAM and internal 1/O registersis externa 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
bit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes external
space.

Only the basic bus interface can be used for the area 7.

The size of area 7 is switched between 15 Mbytes and 2 Mbytes according to the state of the ASS
bit.
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6.3.5 Areasin Normal Mode

In normal mode, a 64-kbyte address space comprising part of area0 is controlled. Area
partitioning is not performed in normal mode. In ROM-disabled expansion mode, the space
excluding the on-chip RAM and internal 1/0O registersis externa space. In ROM-enabled
expansion mode the space excluding the on-chip ROM, on-chip RAM, and internal 1/0 registersis
external space. The on-chip RAM is enabled when the RAME hit in the system control register
(SYSCR) is set to 1; when the RAME bit is cleared to O, the on-chip RAM is disabled and the
corresponding addresses become external space.

When external space is accessed, the CS0 signal can be output.

In normal mode, the basic bus interface or burst ROM interface can be selected.
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6.3.6 Chip Select Signals

The H8S/2245 Group can output chip select signals (CSO to CS3) to areas 0 to 3, the signal being
driven low when the corresponding external space areais accessed. In normal mode, only the CSO
signal can be output.

Figure 6.3 shows an example of CSn (n = 0 to 3) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CS0 pin is placed in the output state after a power-on reset.
Pins CS1 to CS3 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS3.

In ROM-enabled expansion mode, pins CSO to CS3 are all placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputting signals CS0 to CS3.

For details, see section 8, 1/0 Ports.

! Bus cycle !
- O rE

Address bus X Area n external address X

CSn

Figure6.3 CSn Signal Output Timing (n =0to 3)

6.4 Basic Timing

The CPU isdriven by a system clock (¢q), denoted by the symbol ¢. The period from onerising
edge of @to the next isreferred to asa"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 periphera
modules, and the external address space.
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6.4.1 On-Chip Memory (ROM, RAM) Access Timing

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word transfer instruction. Figure 6.4 shows the on-chip memory access cycle. Figure 6.5 shows the
pin states.

Bus cycle |
T, |

0 T

Internal address bus X Address X

Read {Imernal read signal :\ /

Internal data bus . Read data

) Internal write signal \ )/
Write |

!
access i

Internal data bus : Write data

I l
access

Figure6.4 On-Chip Memory Access Cycle

| Bus cycle |
i
1 Ta 1
-

Address bus | Unchanged

AS 3 High 3
BRD : High :
HWR, LWR High :
Data bus :High—impedance statei

Figure6.5 Pin Statesduring On-Chip Memory Access
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6.4.2 On-Chip Peripheral Module Access Timing

The on-chip peripheral modules are accessed in two states. The data bus is either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 6.6 shows the access
timing for the on-chip peripheral modules. Figure 6.7 shows the pin states.

Bus cycle
: T1 \ T2
Internal address bus X Address X

Read {Imernal read signal N\ / !

Internal data bus ‘ { Read data —

l |
access

access !

Internal data bus —%—( Write data —

) Internal write signal | N\ /
Write ! !

Figure6.6 On-Chip Peripheral Module Access Cycle

! Bus cycle !

T T
Address bus i :Unchanged :
AS ! Hi:gh !
RD Hilgh
FIWR, TWR i
Data bus i High—impe(;ance state ;

Figure6.7 Pin Statesduring On-Chip Peripheral Module Access

Rev.3.00 Mar. 26, 2007 Page 152 of 772
REJ09B0355-0300
RENESAS



Section 6 Bus Controller

6.4.3 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 6.5.4, Basic Timing.

6.5 Basic BusInterface

6.5.1 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
6.3).

6.5.2 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 (D, to D,) or lower databus (D, to D,) is used according to the bus specifications
for the area being accessed (8-bit access space or 16-hit access space) and the data size.

8-Bit Access Space

Figure 6.8 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper databus (D, to D,) is always used for accesses. The amount of data that can be accessed
at onetime isone byte: aword transfer instruction is performed as two byte accesses, and a
longword transfer instruction, as four byte accesses.
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Upper data bus Lower data bus

P1s

Byte size

| 1stbuscycle |

Word size | 2nd bus cycle |

[ 1st bus cycle
2nd bus cycle
3rd bus cycle

| 4th bus cycle

Longword size

Figure6.8 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space

Figure 6.9 illustrates data alignment control for the 16-bit access space. With the 16-hit access
space, the upper databus (D, to D,) and lower data bus (D, to D,) are used for accesses. The
amount of data that 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 databusis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus

D1s Dg D7 Do,
Byte size  +<Evenaddress [ | | | | | |
Byte size  + Odd address N
Word size I R
Longword | 1stbus cycle e
size 2nd bus cycle N R

Figure6.9 Access Sizesand Data Alignment Control (16-Bit Access Space)
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6.5.3 Valid Strobes
Table 6.4 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 isvalid for the upper half of the data bus, and the LWR signal for the
lower half.

Table6.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write  Address  Strobe (D,;to Dy) (D,to D))
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

Note: Invalid: Input state; input value is ignored.
Hi-Z: High impedance.
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6.5.4 Basic Timing
(1) 8-Bit 2-State Access Space

Figure 6.10 shows the bus timing for an 8-bit 2-state access space. When an 8-hit access space is
accessed, the upper half (D, to D,) of the data bus is used.

The LWR pinisfixed high. Wait states cannot be inserted.

~——— Buscycle ————————=

Ty

(p *I
Address bus |
CSn

Read D15 to Dg Valid |

pal JLHL

Dy to Dg Invalid |
HWR
CWR 3 High :
Write ! ! |
Dys 10 Dg ——< | valid >7
D7 to Dy ‘ ‘ High impedance —l—

Note: n=0to 3

Figure6.10 BusTiming for 8-Bit 2-State Access Space
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(2) 8-Bit 3-State Access Space

Figure 6.11 shows the bus timing for an 8-bit 3-state access space. When an 8-hit access space is
accessed, the upper half (D, to D,) of the data bus is used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle -
Ty T2 T3

Address bus >< ><

Read D5 to Dg Valid

D5 to Dg Invalid

vl ]

LWR High

D;5 to Dg ~—< 3 valid | >7

D, to Dg : — High impedance

Write

Note: n=0to0 3

Figure6.11 BusTimingfor 8-Bit 3-State Access Space
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(3) 16-Bit 2-State Access Space

Figures 6.12 to 6.14 show bus timings for a 16-bit 2-state access space. When a 16-hit access
space is accessed, the upper haf (D, to D,) of the data busis used for the even address, and the
lower half (D, to D,) for the odd address.

Wait states cannot be inserted.

~————— Buscycle ————————
|

T, ! T,

Address bus >< )t

Read D;5to Dg Valid

D7 to Dy i : { Invalid i)—

HWR
LWR i High !
Write
D15 to Dg ‘%—< i Valid >7
D, to Dg L High impedance ———

Note: n=0to0 3

Figure6.12 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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~——— Buscycle ——

Ty T2
. B A
Address bus >< ><:
o _1 l_
o —
RD -

Read Dis to Dg : : { Invalid | }—

Dy to Dy ‘ : {  wvalid r—

HWR 3 High §

[WR |

Write | ! 1
D5 to Dg High impedance—:—

D, to Dy —< " Valid >7

Note: n=0to 3

Figure6.13 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Buscycle ————————

Address bus

Read D15 to Dg

3 { valid | }—

D7 to DO

{  Vvalid | F—

—

Write

Valid >7
Valid \>7

D7 to DO

-
Ty
D5 to Dg ——<

Note: n=0to 3

Figure6.14 BusTiming for 16-Bit 2-State Access Space (3) (Word Access)
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(4) 16-Bit 3-State Access Space

Figures 6.15 to 6.17 show bus timings for a 16-bit 3-state access space. When a 16-hit access
space is accessed, the upper haf (D, to D,) of the data busis used for the odd address, and the
lower half (D, to D,) for the even address.

Wait states can be inserted.

Read

Write

¢

Address bus |

CSn

D15 to Dg

D7 to DO

I
By

D15 to Dg

D7 to Dy

Note: n=0to 3

r Bus cycle -
Ty T2 T3
{ Vvalid [}—
{ Invalid | —
High

—< Valid >—

High impedance

Figure6.15 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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- Bus cycle -
Ty | T2 | T3

Address bus >< !

CSn !

Read D15 to D8 Invalid i

D- to Do ; . Valid |
HWR : High
[WR |
Write |
Di5to Dg . High impedance -

TDQ I b

D to Dy ~—< : Valid

Note: n=0to 3

Figure6.16 BusTimingfor 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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A

Bus cycle
T1 : T, |

Address bus >< 1

D7 to DO

T
0

Write !

Dj5 to Dg —< i valid |
D to Dy ~—< : Valid

Note: n=0to 3

T3
Read | DystoDg —— ] { vald {}—

Figure6.17 BusTimingfor 16-Bit 3-State Access Space (3) (Word Access)
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6.5.5 Wait Control

When accessing external space, the H85/2245 Group can extend the bus cycle by inserting one or
more wait states (T,). There are two ways of inserting wait states: (1) program wait insertion and
(2) pin wait insertion using the WAIT pin.

(1) Program Wait Insertion

From O to 3 wait states can be inserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.

(2) Pin Wait Insertion Using WAIT Pin

Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program
wait insertion isfirst carried out according to the settingsin WCRH and WCRL. Then, if the
WAIT pinislow at thefalling edge of gpinthelast T,or T state, a T, state isinserted. If the
WAIT pinisheld low, T, states are inserted 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 bit setting appliesto all areas.
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Figure 6.18 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl TZ Tw Tw TW T3
= -t T 1= - T >
° |
WAIT
Address bus :>< ><i
AS

R |
Read
Data bus < Read data >—
HWR, LWR
Write
Data bus 4< Write data >—

Note: /indicates the timing of WAIT pin sampling.

Figure6.18 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. When amanual reset is performed, the contents of bus controller registers are
retained, and the wait control settings remain the same as before the reset.
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6.6 Burst ROM Interface

6.6.1 Overview

With the H8S/2245 Group, external space area 0 can be designated as burst ROM space, and burst
ROM interfacing can be performed. The burst ROM space interface enables 16-bit configuration
ROM with burst access capahility to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.6.2 Basic Timing

The number of statesin the initial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO hit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst
ROM space, it becomes 16-hit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsiis performed.

The basic access timing for burst ROM space is shown in figures 6.19 (a) and (b). The timing
shown in figure 6.19 (@) is for the case where the ASTO and BRSTSL1 bits are both set to 1, and
that in figure 6.19 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access
Tl ‘ T3 Tl ‘ T2 Tl ‘ TZ
]
\/
Address bus X Only lower adld\ress changed

CSo r
AS

RD r

Data bus —< Read data >—< Read data >—< Read data >—

Figure6.19 (a) Exampleof Burst ROM Access Timing (When ASTO=BRSTS1=1)

RENESAS

Rev.3.00 Mar. 26, 2007 Page 167 of 772

REJ09B0355-0300




Section 6 Bus Controller

Full access Burst access

LEY T2 LE T

; ( \/ ) :
Address bus XOnIy lower ad/d{ess changed

Data bus 4< Read data ><Read data><Read data>i

Figure6.19 (b) Example of Burst ROM Access Timing (When ASTO=BRSTS1 = 0)

6.6.3 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 6.5.5, Wait

Control.

Wait states cannot be inserted in aburst cycle.
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6.7 Idle Cycle

6.7.1 Operation

When the H85/2245 Group 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, 1/0 interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH issetto 1, an idle
cycleisinserted at the start of the second read cycle. Thisis enabled in advanced mode.

Figure 6.20 shows an example of the operation in this case. In this example, buscycle 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 acollision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and a data collision is prevented.

. BuscycleA  BuscycleB . BuscycleA  BuscycleB
iTl T, T33T1 Tzi iTl LP) T33T| T Tzi
o LTI LI o [LI LI LI LI

Address bus j X X: Address bus j X

CS (area A) 3 CS (area A) |

CS (area B)

RO | B B oL 1T

Data bus | “§ Data bus j—( 3 9-

[t

' Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)

Figure6.20 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bitin BCRH issetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.21 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 cycle isinserted, and a data collision is prevented.

, BuscycleA BuscycleB , BuscycleA = BuscycleB
3 T, T, T ‘ T ‘ ‘ T, T, T3 ‘ T T ‘
(0} ¢
Address bus j X X: Address bus j 1X X:
CS (area A) 1 CS (area A) 1
CS(areaB) | CS(areaB) | ‘
RD | 1 RD | |
WA 1 1 WA 1 1
oata s N omams J——A { }
' : Data
Long output | ¢jigjon
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICISO=0) (Initial value ICISO = 1)

Figure6.21 Example of 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 6.22.

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.

Buscycle A BuscycleB Bus cycle A Bus cycle B

|
- T

|

|

|

|
Ll
|
|
|

Address bus j { X: Address bus ~ | X

CS (area A) ; CS (area A) |

CS (area B) i i CS (area B) i |—|_
RD | /! [ |

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 6.22 Relationship between Chip Select (CS) and Read (RD)
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6.7.2 Pin Statesin Idle Cycle
Table 6.5 shows pin statesin anidle cycle.

Table6.5 Pin Statesin ldleCycle

Pins Pin State

A 10 A Contents of next bus cycle
D, to D, High impedance

CSn High

AS High

RD High

HWR High

LWR High

6.8 Bus Release

6.8.1 Overview

The H85/2245 Group can release the external bus in response to a bus request from an external
device. In the external bus released state, the internal bus master continues to operate aslong as
there is no external access.

If an internal bus master wants to make an external access in the external bus released state, it can
issue a bus request off-chip.

6.8.2 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/2245 Group.
When the BREQ pin is sampled, at the prescribed timing the BACK pin is driven 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.
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If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external
access in the external bus released state, the BREQO pin is driven low and arequest can be made
off-chip to drop the bus request.

When the BREQ pinisdriven high, the BACK pinisdriven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus rel ease request, and external access request generation,
the order of priority isasfollows:

(High) External bus release > Internal bus master external access (Low)

6.8.3 Pin Statesin External Bus Released State
Table 6.6 shows pin states in the external bus released state.

Table6.6 Pin Statesin Bus Released State

Pins Pin State

A 10 A High impedance
D, to D, High impedance
CSn High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
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6.8.4 Transition Timing

Figure 6.23 shows the timing for transition to the bus-rel eased state.

CPU
CPU cycle External bus released state cycle
To Ty T,
25 N S I T o I O B
: High impedance
Address bus >< Address / ;
/ High impedance
Data bus N

High impedance

High impedance

TTT ] E

: High impedance
HWR, LWR ! 3
BREQ \ ! / |
BACK ' Minimum | \ i
| 1state :
-~ !
[1] [2] [3] [4] [5]

[1] Low level of BREQ pin is sampled at rise of T, state.

[2]1 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 pin is driven high, ending bus release cycle.

Figure6.23 Bus-Released State Transition Timing
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6.8.5 Usage Note

When MSTPCR has been set to H'FFFF or H'EFFF and a transition has been made to sleep mode,
the external bus release function is stopped. If the external bus release function isto be used in
sleep mode, H'FFFF or H'EFFF should not be set in MSTPCR.

6.9 Bus Arbitration

6.9.1 Overview
The H85/2245 Group has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC, 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.

6.9.2 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 as follows:
(Highy DTC > CPU (Low)

An internal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus rel ease request, and internal bus master external access
request generation, the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)
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6.9.3 Bus Transfer Timing

Even if abusrequest 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 busis 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, the bus
arbiter transfers the bus to the bus master that issued the request. The timing for transfer of the bus
isasfollows:

» 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.

e Ifthe CPU isin deep 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, a register information read (3 states), a single data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle data transfer, or aregister information write (3 states).

6.9.4 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The RD signal
remains low until the end of the external bus cycle. Therefore, when external busreleaseis
performed, the RD signal may change from the low level to the high-impedance state.

6.10 Resetsand the BusController

In a power-on reset, the H8S/2245, including the bus controller, enters the reset state at that point,
and an executing bus cycle is discontinued.

In amanual reset, the bus controller's registers and internal state are maintained, and an executing
external bus cycleis completed. In this case, WAIT input isignored and write datais not
guaranteed.
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Section 7 Data Transfer Controller

71 Overview

The H85/2245 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data

7.1.1 Features

e 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

O 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

O 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e 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

e Activation by software is possible
¢ Module stop mode can be set

O Theinitia setting enables DTC registersto be accessed. DTC operation is halted by setting
module stop mode.
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7.1.2 Block Diagram
Figure 7.1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM*. A 32-bit bus connectsthe DTC to
the on-chip RAM (1 kbyte), enabling 32-hit/1-state reading and writing of the DTC register
information and hence helping to increase processing speed.

Note: * Whenthe DTC isused, the RAME bit SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller ~ DTC RAM
c :
o |
< |
: gls E 2
Interrupt 0 o W||m = o o
request) P=0l2 D = x %% @ - 3
[oh7 c S|<||Ojn Q
o oo 83| s | Exlx 3
23| O <|0|O >
EI- g
O |
'_ |
O ] U ‘ ‘
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 : DTC enable registers Ato F
DTVECR : DTC vector register

Figure7.1 Block Diagram of DTC
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7.13 Register Configuration
Table 7.1 summarizes the DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value ~ Address*!

DTC mode register A MRA —*? Undefined —?

DTC mode register B MRB —x? Undefined —x3

DTC source address register SAR —*? Undefined —?

DTC destination address register DAR —x? Undefined —x3

DTC transfer count register A CRA *2 Undefined —x3

DTC transfer count register B CRB —*? Undefined —?

DTC enable registers DTCER R/W H'00 H'FF30 to H'FF35
DTC vector register DTVECR R/W H'00 H'FF37

Module stop control register MSTPCR R/W H'3FFF H'FF3C

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'F800 to H'FBFF. It cannot
be located in external space. When the DTC is used, do not clear the RAME bit in

SYSCR to 0.
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7.2 Register Descriptions

721  DTC ModeRegister A (MRA)

Bit : 7 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 is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM 1, SMO0): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a data transfer.

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, DMO0): 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 (MD1, MDQ): 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 J—

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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722  DTC ModeRegister B (MRB)

Bit : 7 6 5 4 3 2 1 0
one [ 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 data transfers 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

WDescription

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 requeststo 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, and should always be written
with 0 in awrite.
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7.2.3 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

R/W N --- _ = = = —

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 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 N --- _ = = = —

DAR isa24-bit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.
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7.25 DTC Transfer Count Register A (CRA)

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
R/W = = = = = = = = = = = = = = = —

-« CRAH — »=w+———————————— CRAL ——»

CRA isa 16-bit register that designates the number of times dataiis to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). Itis
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). In repeat mode, CRAH holds the number of transfers while
CRAL functions as an 8-hit transfer counter (1 to 256). In block transfer mode, CRAH holds the
block size while CRAL functions as an 8-hit block size 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.

7.2.6 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

RIW - - - - = = = = = = = = = = = =

CRB is a 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 65536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.
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7.2.7 DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0

‘ DTCE7 ‘ DTCE6 ‘ DTCES ‘ DTCE4 ‘ DTCE3 ‘ DTCE2 ‘ DTCE1 ‘ 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 six 8-bit readabl e/writable registers, DTCERA to DTCERF,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters areinitialized 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]
1. When DISEL = 1 and data transfer ends
2. When the specified number of transfers end

1 DTC activation by this interrupt is enabled

[Holding condition]

When DISEL = 0 and the specified number of transfers have not ended
Note: n=7t00

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 7.3, together with the vector number
generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are masked, multiple activation sources can be set at one time by writing data after executing a
dummy read on the relevant register.
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728  DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
\ SWDTE \ DTVEC6 \ DTVECS‘ DTVEC4‘ DTVEC3 \ DTVEC2 \ DTVECl‘ DTVECO \

Initial value: 0 0 0 0 0 0 0 0

RIW D RIW)™L RIW)*2 R/(W)*2 RI(W)*2 R/(W)*2 RI(W)*2 R/(W)*2 R/(W)*2

Notes: 1. A value of 1 can only be written to the SWDTE bit.
2. DTVECS6 to DTVECO bits can only be written when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR sinitialized to H'00 by areset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7
SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
1. When DISEL = 0 and the specified number of transfers have not ended

2. When 0 is 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]

1. When DISEL = 1 and data transfer ends

2. When the specified number of transfers end
3. During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECOQ): These bits
specify avector number for DTC software activation.

The vector addressis expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-hit | ft-
shift. For example, when DTVEC6 to DTVECO = H'10, the vector addressis H'0420.
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7.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/IW R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

When the MSTP14 bit in MSTPCR 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 MSTP14 hit
whilethe DTC is operating. For details, see section 18.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 14—M odule Stop (M STP14): Specifies the DTC module stop mode.

Bit 14

WDescription

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set

7.3 Operation

7.3.1 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 data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with a single activation.
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Figure 7.2 shows aflowchart of DTC operation.

Read DTC vector

—
i

Y

Read register information

Y

Data transfer

1

Write register information

Next transfer

Y

Transfer counter = 0

or Yes

A
Clear an activation flag Clear DTCER

Interrupt
End exception handling

Note: * For details on interrupt handling, see the sections dealing with the individual peripheral modules.

Figure7.2 Flowchart of DTC Operation
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.
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Table 7.2 outlines the functions of the DTC.

Table7.2 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 «  8-bit timer CMI
O Memory addresses are incremented e SCITXl or RXI
or decremented by 1 or 2 «  A/D converter ADI
0 Up to 65,536 transfers possible . Software

* 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

7.3.2 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 7.3 shows activation source and
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DTCER clearance. The activation source flag, in the case of RX10, for example, isthe RDRF flag
of SCI0. Asthere are anumber of activation sources, the activation source flag is not cleared with
the last byte (or word) transfer. Take appropriate measures at each interrupt.

Table7.3 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 O The SWDTE bit remains set to 1
An interrupt request 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
clearedto O

A request is issued to the CPU for the
activation source interrupt

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared

Clear
controller
Clear
A
DTCER
Clear request
Select
\ Y
On-chip -
supporting £ > DTC
module 3]
'S
. - c
IRQ interrupt ™ o
Interrupt 3]
()
request ° -
DTVECR o »{ Interrupt controller CPU

Interrupt mask

Figure 7.3 Block Diagram of DTC Activation Source Control
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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.

7.33 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation sources, vector addresses, and DTCER
bits. When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR][6:0] << 1) (where << 1 indicates a 1-hit left shift). For example, if DTVECR isH'10,
the vector address is 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.
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Table7.4 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 H'0400+ — High

DTVECR 4
[6:0] << 1

IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5S
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
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 0
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 DTCECG6
input capture) Low
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Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
CMIAO 8-bit timer 64 H0480  DTCED3 High
CMIBO channel 0 65 H0482  DTCED2 |
CMIAL 8-bit timer 68 H0488  DTCED1
CMIB1 channel 1 69 HO048A  DTCEDO
RXIO (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) _ channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) cnannel 1 86 H'04AC  DTCEEO
RXI12 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) _ channel 2 90 H'04B4  DTCEF6 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.

m m
DTC vector Register information / N .
— — Register information

address start address

A

Next transfer
m \_/_\

Figure7.4 Correspondence between DTC Vector Address and Register Information
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7.34 L ocation of Register Information in Address Space
Figure 7.5 shows how the register information should be located in the address space.

Locatethe 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'FFF800 to H'FFFBFF).

Lower address

r N\
) 0 1 2 3
Register T T B
information —» | MRA SAR
start address
MRB DAR Register information
Chain CRA CRB )
transfer 0
—™ | MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
-
4 bytes

\/—\

Figure7.5 Location of DTC Register Information in Address Space
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7.35 Normal Mode
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 7.5 lists the register information in normal mode and figure 7.6 shows memory mapping in
normal mode.

Table7.5 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

S N N

SAR —» — ~<— DAR
Transfer

~N  —  d ~ /]

Figure7.6 Memory Mappingin Normal Mode
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7.3.6 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 states of the transfer counter and the address register specified asthe repeat areaare
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 7.6 lists the register information in repeat mode and figure 7.7 shows memory mapping in
repeat mode.

Table7.6 Register Information in Repeat 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 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 — ™ > =~ SAR

Transfer

mm

Figure7.7 Memory Mapping in Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. A block areais specified for
either the transfer source or the transfer destination.

The block sizeis 1 to 256. When the transfer of one block ends, the initial 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 |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 7.7 lists the register information in block transfer mode and figure 7.8 shows memory
mapping in block transfer mode.

Table7.7 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 Block size count

DTC transfer count register B CRB Transfer count
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—

H First block

SAR or '
DAR — ™ ' >

nth block

~N_

Transfer -

Block area

DAR or
“ SAR

Figure7.8 Memory Mappingin Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.9 shows the memory map for chain transfer. When activated, the DTC reads the register
information start address stored at the vector address, which corresponds to the activation request,
and then reads the first register information at that start address. After the data transfer, the CHNE
bit will be tested. When it has been set to 1, DTC reads the next register information located in a
consecutive area and performs the data transfer. These sequences are repeated until the CHNE bit
iscleared to 0.

/\/
Source
/X/ /\/
. . . ] Destination
Register information
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
Source
N L
) Destination
L ~

Figure7.9 Chain Transfer Memory Map
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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 hit to 1, and the interrupt
source flag for the activation source is not affected.

7.3.9 Operation Timing

Figures 7.10, 7.11, and 7.12 show examples of DTC operation timings.

¢ Jubutvubuuududududul
DTC activation / \
request

DTC / \
request

Data transfer
Vector read - -
s O OO w00
- -

Transfer
information read

Transfer
information write

Figure7.10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

o JUUHUDUUUUIUUUUHHHUL

DTC activation
request / \

DTC request /

Data transfer

Vector read

-

piess O COOMEFEEOO0

-
Transfer

information read

-~
Transfer

information write

Figure7.11 DTC Operation Timing (Example of Block Transfer Mode,

with Block Size of 2)
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¢ Juuiryuyiyurrryrryuyuyt

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure7.12 DTC Operation Timing (Example of Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution statuses for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution status.

Table7.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

Legend:
N: Block size (initial setting of CRAH and CRAL)
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Table7.9 Number of States Required for Each Execution Status

On- | On- On-
Object to be Accessed Chip | Chip Chip I/O External Devices
RAM | ROM | Registers
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 3 2 3
Execution | Vector read S, — 1 — — 4 | 6+2m 3+m
status Register S, 1 — — — — — — —
information
read/write
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word data read 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,

m: Number of wait states in external device access

The number of execution statesis calculated from the formula below. Note that 3. means the sum
of al transfers activated by one activation event (the number in which the CHNE bit issetto 1,

plus 1).

Number of execution states=1-S+> (J-S+K:-S+L-S)+ M-S,

For example, when the DTC vector addresstable islocated in on-chip ROM, normal mode s set,
and datais transferred from the on-chip ROM to an internal /O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7311 Proceduresfor UsngDTC

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 bitin 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 bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bit 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 hit 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 hit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.
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7.3.12 Examplesof Useof theDTC
(1) Normal Mode
The first example shows how the DTC can be used to receive 128 bytes of data viathe SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one datatransfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will 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 bitin 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 flag in SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC, and then 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) Software Activation

The second example shows how the DTC can be 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 address is
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 hit 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'04C0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that thereis 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 adifferent 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 hit to 0 and perform other wrap-up processing.
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7.4 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 (SWDTE
ND) is generated.

When one data transfer ends, or the specified number of data transfers end, with the DISEL bit set
to 1, after the end of the data transfer the SWDTE bit remains set to 1 and an SWDTEND interrupt
is generated.

The interrupt handling routine should clear the SWDTE hit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5 Usage Notes

M odule Stop: When the MSTP14 bitin MSTPCR is set to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written in the MSTP14 bit whilethe DTC is
operating. See section 18, Power-Down Modes, for details.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registersare all located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE hit setting, use bit manipulation instructions such as BSET and
BCLR. If al 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 8 1/0O Ports

81 Overview

The H85/2245 Group has 11 /0O ports (ports 1, 2, 3, 5, and A to G), and one input-only port (port
4).

Table 8.1 summarizes the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port), adataregister (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have abuilt-in MOS input pull-up function, and in addition to DR and DDR, have a
MOS input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports 1 and A to F can drive asingle TTL load and 90-pF capacitive load, and ports 2, 3, 5, and G
can driveasingle TTL load and 30-pF capacitive load. All the 1/O ports can drive a Darlington
transistor when in output mode. Ports 1, and A to C can drive an LED (10-mA sink current).

Port 2 and the interrupt input pins (IRQO to IRQ7) are Schmitt-triggered inputs.
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8.2 Port 1

821 Overview

Port 1 isan 8-hit 1/0 port. Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and TIOCB2) and
an address bus output function. Port 1 pin functions change according to the operating mode.

Figure 8.1 shows the port 1 pin configuration.

Port 1 pins

— P17 (1/0O)/TIOCB2 (I/0)/TCLKD (input)
— P15 (I/O)/TIOCA2 (I/O)
[-— P15 (I/O)/TIOCB1 (I/O)/TCLKC (input)
—> P14 (I/O)/TIOCAL (I/O)
Port 1
— P13 (1/O)/TIOCDO (I/O)/TCLKB (input)/A23 (output)
[— P1, (I/O)/TIOCCO (I/O)/TCLKA (input)/A22 (output)
— P1, (I/O)/TIOCBO (I/O)/A21 (output)

— P1, (I/O)/TIOCAO (I/O)/A20 (output)

Pin functions in modes 4 to 6*

P17 (O)/TIOCB2 (/O)/TCLKD (input)
P1g (/0)/TIOCA2 (I/O)

P15 (/0)/TIOCBL1 (I/0)/TCLKC (input)
P14 (/O)/TIOCAL (I/O)

P13 (input)/TIOCDO (I/O)/TCLKB (input)/Az3 (output)
P1; (input)/TIOCCO (I/O)/TCLKA (input)/A22 (output)

P11 (input)/TIOCBO (I/0)/Az1 (output)
P1o (input)/TIOCAO (I/0)/Azo (output)

Pin functions in modes 1 to 3 and 7*

P17 (I/0)/TIOCB2 (I/O)/TCLKD (input)
P1s (I/0)/TIOCA2 (I/O)
P15 (I/0)/TIOCB1 (/O)/TCLKC (input)
P14 (I/0)/TIOCAL (I/O)
P13 (I/0)/TIOCDO (/O)/TCLKB (input)
P1, (I/0)/TIOCCO (/O)/TCLKA (input)
P11 (I/0)/TIOCBO (I/O)
P1o (I/0)/TIOCAO (I/O)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.1 Port 1 Pin Functions
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822 Register Configuration
Table 8.2 shows the port 1 register configuration.

Table8.2 Port 1Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR w H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit : 7 6 5 4 3 2 1 0

‘ P17DDR ‘ P16DDR ‘ PlSDDR‘ P14DDR‘ P13DDR ‘ P12DDR ‘ P11DDR ‘ P10DDR ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : W W W W W W W W

P1DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 1. PLDDR cannot be read; if it is, an undefined value will be read.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

P1DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. Asthe TPU isinitialized by a
manual reset, the pin states are determined by the PADDR and P1DR specifications.

Whether the address output pins maintain their output state or go to the high-impedance state in a
transition to software standby mode is selected by the OPE bit in SBY CR.

e Modeslto3and7

The corresponding port 1 pins are output ports when PIDDR is set to 1, and input ports when
cleared to O.

Note: Modes 2, 3, and 7 cannot be used in the H8S/2240.
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e Modes4to6

The corresponding port 1 pins are address outputs when P13DDR to PIODDR are set to 1, and
input ports when cleared to 0.

The corresponding port 1 pins are output ports when P17DDR to P14DDR are set to 1, and
input ports when cleared to 0.

Note: Mode 6 cannot be used in the H85/2240.

Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0

‘ P17DR ‘ P16DR ‘ P15DR ‘ P14DR ‘ P13DR ‘ P12DR ‘ P11DR ‘ P10DR ‘
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

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P1, to P1,).

P1DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0

‘ P17 ‘ P16 ‘ P15 ‘ P14 ‘ P13 ‘ P12 ‘ P11 ‘ P10 ‘
Initial value : —* —* —* —* _* _* _* _*
R/W : R R R R R R R R

Note: * Determined by state of pins P17 to Plo.

PORT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P1, to P1) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PAIDR values are read. If aport 1
read is performed while PADDR 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 PLDDR and P1DR areinitialized. PORT1 retainsiits prior state after a manual reset, and
in software standby mode.

Rev.3.00 Mar. 26, 2007 Page 215 of 772
REJ09B0355-0300
RENESAS



Section 8 1/0 Ports

8.2.3 Pin Functions

Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCB1, TIOCA2, and TIOCB?2), and address output
pins (A,,to A,). Port 1 pin functions are shown in table 8.3.

Table8.3 Port 1 Pin Functions

Pin Selection Method and Pin Functions
P1,/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 IOB0

in TIOR2, and hits CCLR2 to CCLRO in TCR2), bits TPSC2 to TPSCO in
TCRO, and bit P17DDR.

TPU Channel
2 Setting

Table Below (1)

Table Below (2)

P17DDR

0 1

Pin function

TIOCB2 output

P1, input P1, output

TIOCB2 input**

TCLKD input*?

Notes: 1. TIOCB2 input when input capture is set (IOB3 to IOB0 = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

2. TCLKD input when the TCRO setting is: TPSC2 to TPSCO0 = B'111.

TCLKD input when channel 2 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
2 Setting (2) 1) (2) (2) 1) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output

Legend: x: Don't care
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1/0 Ports

Pin

Selection Method and Pin Functions

P1,/TIOCA2

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDR2, bits IOA3 to IOAQ
in TIOR2, and bits CCLR2 to CCLRO in TCR2), and bit PA6DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P16DDR — 0 1

Pin function TIOCAZ2 output P1, input P1, output
TIOCAZ input**

Note: 1. TIOCAZ2 input when input capture is set (IOA3 to IOAQ = B'10xx) in

normal operating mode (MD3 to MDO = B'0000).

TPU Channel
2 Setting ) @) &) ) ) &)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |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

Legend: x: Don't care

Note:

2. TIOCB2 output is disabled.

Rev.3.00 Mar. 26, 2007 Page 217 of 772

RENESAS

REJ09B0355-0300



Section 8
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Pin

Selection Method and Pin Functions

P1/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 CCLR2 to CCLRO in TCR1), bits TPSC2 to TPSCO0 in TCRO
and TCR2, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)
P15DDR — 0 1

Pin function TIOCB1 output P1, input P1, output

TIOCB1 input**

TCLKC input*?

Notes: 1. TIOCB1 input when input capture is set (IOB3 to IOB0O = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).
2. TCLKC input when either the TCRO or TCR2 setting is: TPSC2 to
TPSCO = B'110.
TCLKC input when channel 2 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
1 Setting 2 @) 2 2 (D) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output

Legend: x: Don't care
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Pin

Selection Method and Pin Functions

P1,/TIOCAL

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 IOA3 to IOAQ
in TIOR1, and bits CCLR2 to CCLRO in TCR1), and bit P14DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P14DDR — 0 1

Pin function TIOCAL1 output P1, input P1, output
TIOCAL input**

Note: 1. TIOCAL1 input when input capture is set (IOA3 to IOAQ = B'10xx) in

normal operating mode (MD3 to MDO = B'0000).

TPU Channel
1 Setting ) @) &) ) ) &)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |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

Legend: x: Don't care

Note:

2. TIOCB1 output is disabled.

Rev.3.00 Mar. 26, 2007 Page 219 of 772

RENESAS

REJ09B0355-0300



Section 8 1/0 Ports

Pin

Selection Method and Pin Functions

P1,/TIOCDO/
TCLKBIA,,

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOD3 to I0DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bit PA3DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**

TPU Channel Table Table Table Table

0 Setting Below (1) Below (2) Below (1) Below (2)

P13DDR — 0 1 0 1 0 1

Pin function TIOCDO P1, P1, [TIOCDO| A, P1, A,

output input |output | output | output | input | output

TIOCDO TIOCDO
input*? input*?

TCLKB input*®
Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
2. TIOCDO input when input capture is set (IOD3 to IODO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).
3. TCLKB input when the TCRO, TCR1, or TCR2 setting is: TPSC2 to
TPSCO =B'101.
TCLKB input when channel 1 is set to phase counting mode (MD3
to MDO = B'01xx).

TPU Channel
0 Setting 2) (1) 2) 2) (1) (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'Ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output

Legend: x: Don't care

Rev.3.00 Mar. 26, 2007 Page 220 of 772

REJ09B0355-0300

RENESAS



Section 8 1/0 Ports

Pin

Selection Method and Pin Functions

P1,/TIOCCO/
TCLKA/A,,

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOC3 to I0CO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2
to TPSCO in TCRO to TCR2, and bhit P12DDR.

Operating
Mode Modes 1, 2, 3, 7** Modes 4, 5, 6**
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P12DDR — 0 1 0 1 0 1
Pin function TIOCCO P1, P1, [TIOCCO| A, P1, A,
output input | output | output | output | input | output
TIOCCO TIOCCO
input*? input*?
TCLKA input*®
Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
2. TIOCCO input when input capture is set (IOC3 to IOCO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).
3. TCLKA input when the TCRO, TCR1, or TCR2 setting is: TPSC2 to
TPSCO = B'100.
TCLKA input when channel 1 is set to phase counting mode (MD3
to MDO = B'01xx).
TPU Channel
0 Setting 2 1) 2 1) 1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |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

Legend: x: Don't care

Note: 4.

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

P1,/TIOCBO/

A

21

The pin function is switched as shown below according to the combination of
the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOB3 to IOBO0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit

P11DDR.

Operating

Mode Modes 1, 2, 3, 7+* Modes 4, 5, 6**

TPU Channel Table Table Table Table

0 Setting Below (1) Below (2) Below (1) Below (2)

P11DDR — 0 1 0 1 0 1

Pin function TIOCBO P1, P1, [TIOCBO| A, P1, A,

output input |output | output | output | input |output

TIOCBO TIOCBO
input*? input*?

Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

2. TIOCBO input when input capture is set (IOB3 to IOBO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

TPU Channel
0 Setting 2 () 2 2 (€] &)
MD3 to MDO B'0000 B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lxxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output

Legend: x: Don't care
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Pin Selection Method and Pin Functions
P1/TIOCAO/ The pin function is switched as shown below according to the combination of
A, the operating mode, TPU channel 0 setting (by bits MD3 to MDO in TMDRO,
bits IOA3 to IOA0 in TIOROH, and bits CCLR2 to CCLRO in TCRO), and bit
P10DDR.
Operating
Mode Modes 1, 2, 3, 7+* Modes 4, 5, 6**
TPU Channel Table Table Table Table
0 Setting Below (1) Below (2) Below (1) Below (2)
P10DDR — 0 1 0 1 0 1
Pin function TIOCAO P1, P1, [TIOCAQ| A, P1, A,
output input |output | output | output | input |output
TIOCAO TIOCAO
input*? input*?

Notes: 1. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

2. TIOCAO input when input capture is set (IOA3 to IOAO = B'10xx) in
normal operating mode (MD3 to MDO = B'0000).

TPU Channel
0 Setting (2) 1) 2 1) 1) (2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'lxxx |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

Legend: x: Don't care
Note: 3. TIOCBO output is disabled.
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8.3 Port 2

83.1 Overview

Port 2 is an 8-hit 1/0 port. Port 2 pins also function as 8-bit timer 1/0 pins (TMRIO, TMCIO,
TMOO, TMRI1, TMCI1, and TMOL). Port 2 pin functions are the same in all operating modes.
Port 2 uses Schmitt-triggered input.

Figure 8.2 shows the port 2 pin configuration.

Port 2 pins

—> P2, (1/0)/ TMO1 (output)
— P2c (1/0)/ TMOO (output)
l—» P2 (1/0)/ TMCI1 (input)
Port 2 — P2, (I/0)/ TMRI1 (input)
— P2, (1/0)/ TMCIO (input)
—s P2, (1/0)/ TMRIO (input)
— P2, (I/O)

- P2, (I/O)

Figure8.2 Port 2 Pin Functions

832 Register Configuration
Table 8.4 shows the port 2 register configuration.

Table8.4 Port 2 Registers

Name Abbreviation R/W Initial Value Address*
Port 2 data direction register P2DDR W H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51

Note: * Lower 16 bits of the address.
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Port 2 Data Direction Register (P2DDR)

Bit : 7 6 5 4 3 2 1 0

‘ P27DDR ‘ P26DDR ‘ P25DDR‘ P24DDR‘ P23DDR ‘ P22DDR ‘ P21DDR‘ P20DDR‘
Initial value : 0 0 0 0 0 0 0 0
R/W : w W W w w w W W

P2DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be read.

Setting a P2DDR hit to 1 makes the corresponding port 2 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

P2DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode. As the 8-bit timer isinitialized by a
manual reset, the pin states are determined by the P2DDR and P2DR specifications.

Port 2 Data Register (P2DR)

Bit : 7 6 5 4 3 2 1 0

‘ P27DR ‘ P26DR ‘ P25DR ‘ P24DR ‘ P23DR ‘ P22DR ‘ P21DR ‘ P20DR ‘
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

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P2, to P2,).

P2DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after a manual reset, and in software standby mode.
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Port 2 Register (PORT?2)

Bit : 7 6 5 4 3 2 1 0

‘ P27 ‘ P26 ‘ P25 ‘ P24 ‘ P23 ‘ P22 ‘ P21 ‘ P20 ‘
Initial value : —* —* — —* —* —* —* _x
R/W : R R R R R R R R

Note: * Determined by state of pins P27 to P2q.

PORT?2 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 2 pins (P2, to P2)) must always be performed on P2DR.

If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If aport 2
read is performed while P2DDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT2 contents are determined by the pin
states, as P2DDR and P2DR areinitialized. PORT2 retainsiits prior state after a manual reset, and
in software standby mode.
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8.3.3

Pin Functions

Port 2 pins also function as 8-hit timer 1/0 pins (TMRIO, TMCIO, TMOO, TMRI1, TMCI1, and
TMOL). Port 2 pin functions are shown in table 8.5.

1/0 Ports

Table85 Port 2 Pin Functions
Pin Selection Method and Pin Functions
P2,/TMO1 The pin function is switched as shown below according to the combination of
the bits OS3 to OS0 in TCSR1 of the 8-bit timer, and bit P27DDR.
0S3 to OS0 AllO Any 1
P27DDR 0 1 —
Pin function P2 input P2, output TMOL1 output
P2,/TMOO0 The pin function is switched as shown below according to the combination of
bits OS3 to OS0 in TCSRO, and bit P26DDR.
0S3to OSO All 0 Any 1
P26DDR 0 1 —
Pin function P2, input P2, output TMOO output
P2/TMCI1 This pin is used as the 8-bit timer external clock input pin when external clock

is selected with bits CKS2 to CKSO0 in TCR1.
The pin function is switched as shown below according to the combination of

bit P25DDR.
P25DDR 0 1
Pin function P2, input P2, output

TMCI1 input

Rev.3.00 Mar. 26, 2007 Page 227 of 772
REJ09B0355-0300
RENESAS



Section 8

Pin Selection Method and Pin Functions
P2,/TMRI1 This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
CCLRO in TCR1 are both setto 1.
The pin function is switched as shown below according to the combination of
bit P24DDR.
P24DDR 0 1
Pin function P2, input P2, output
TMRIL input
P2/TMCI, This pin is used as the 8-bit timer external clock input pin when external clock
is selected with bits CKS2 to CKSO0 in TCRO.
The pin function is switched as shown below according to the combination of
bit P23DDR.
P23DDR 0 1
Pin function P2, input P2, output
TMCIO input
P2,/TMRIO This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
CCLRO in TCRO are both set to 1.
The pin function is switched as shown below according to the combination of
bit P22DDR.
P22DDR 0 1
Pin function P2, input P2, output
TMRIO input
P2, The pin function is switched as shown below according to the combination of
bit P21DDR.
P21DDR 0 1
Pin function P2, input P2, output
P2 The pin function is switched as shown below according to the combination of

bit P20DDR.

P20DDR 0 1

Pin function P2, input P2, output
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8.4 Port 3

84.1 Overview

Port 3isa6-bit 1/0 port. Port 3 pins also function as SCI 1/0 pins (TxD0, RxDO, SCKO, TxD1,
RxD1, and SCK 1) and interrupt input pins (IRQ4, IRQ5). Port 3 pin functions are the samein all
operating modes. The interrupt input pins (IRQ4, IRQS5) are Schmitt-triggered inputs.

Figure 8.3 shows the port 3 pin configuration.

Port 3 pins

~—» P3 (1/0)/SCK1(I/0)/IRQS5 (input)
— P3, (/0)/SCKO(I/0)/IRQ4 (input)
Porta [ ™ P35 (I/0)/RxD1(input)
— P3, (1/0)/RxDO0(input)
— P3, (I/0)/TxD1 (output)

~— P3,(I/0)/TxDO0 (output)

Figure8.3 Port 3 Pin Functions

8.4.2 Register Configuration
Table 8.6 shows the port 3 register configuration.

Table8.6 Port 3Registers

Name Abbreviation R/W Initial Value**  Address*?
Port 3 data direction register P3DDR W H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P30ODR R/W H'00 H'FF76

Notes: 1. Value of bits 5 to 0.
2. Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P35DDR‘ P34DDR‘ P33DDR ‘ P32DDR ‘ P31DDR‘ P3ODDR‘
Initial value : Undefined Undefined 0 0 0 0 0 0
R/W : — — W W W W W W

P3DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 3. Bits 7 and 6 are reserved. P3DDR cannot beread; if it is, an undefined value will be
read. P3DDR cannot be modified.

Setting a P3DDR hit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

P3DDR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after amanual reset, and in software standby mode. Asthe SCI isinitialized
by areset and in standby mode, the pin states are determined by the P3BDDR and P3DR
specifications.

Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P35DR ‘ P34DR ‘ P33DR ‘ P32DR ‘ P31DR ‘ P30DR ‘
Initial value :  Undefined Undefined 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

P3DR is an 8-hit readable/writable register that stores output data for the port 3 pins (P3; to P3,).
Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

P3DR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.
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Port 3 Register (PORT3)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P35 ‘ P34 ‘ P33 ‘ P32 ‘ P31 ‘ P30 ‘
Initial value : Undefined Undefined —* —* —* —* —* —*
R/W : — — R R R R R R

Note: * Determined by state of pins P35 to P3p.

PORT3 isan 8-bit read-only register that shows the pin states. Writing of output data for the port 3
pins (P3; to P3)) must always be performed on P3DR.

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

If aport 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If aport 3
read is performed while P3DDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT3 contents are determined by the pin
states, as P3ADDR and P3DR areinitialized. PORT3 retainsiits prior state after a manual reset, and
in software standby mode.

Port 3 Open Drain Control Register (P3ODR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P350DR‘ P34ODR‘ P330DR ‘ P320DR ‘ P310DR‘P300DR‘
Initial value :  Undefined Undefined 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

P30ODR is an 8-hit readable/writable register that controls the PMOS on/off status for each port 3
pin (P3,to P3).

Bits 7 and 6 are reserved; they return an undetermined value if read, and cannot be modified.

Setting a P3ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P30DR isinitialized to H'00 (bits 5 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.
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8.4.3 Pin Functions

Port 3 pins also function as SCI 1/0O pins (TxDO, RxDO, SCKO, TxD1, RxD1, and SCK1) and
interrupt input pins (IRQ4, IRQ5). Port 3 pin functions are shown in table 8.7.

Table8.7 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P3,/SCK1/IRQ5 The pin function is switched as shown below according to the combination of
bit C/A in the SCI1 SMR, bits CKEO and CKEL1 in SCR, and bit P35DDR.

CKE1l 0 1
C/A 0 1 _
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P3, P3, SCK1 SCK1 SCK1
input pin  [output pin**|output pin**|output pin**| input pin
TRQ5 interrupt input pin*?

Notes: 1. When P350DR = 1, the pin becomes on NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

P3,/SCKO/IRQ4 The pin function is switched as shown below according to the combination of
bit C/A in the SCIO SMR, bits CKEO and CKEL1 in SCR, and bit P34DDR.

CKE1l 0 1
C/IA 0 1 —
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P3, P3, SCKO SCKO SCKO
input pin  |[output pin**|output pin**|output pin**| input pin
IRQ4 interrupt input pin*?

Notes: 1. When P340DR = 1, the pin becomes an NMOS open-drain output.
2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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Pin Selection Method and Pin Functions
P3./RxD1 The pin function is switched as shown below according to the combination of
bit RE in the SCI1 SCR, and bit P33DDR.
RE 0 1
P33DDR 0 1 —
Pin function P3, input pin P3, output pin* RxD1 input pin
Note: * When P330DR =1, the pin becomes an NMOS open drain output.
P3,/RxD0O The pin function is switched as shown below according to the combination of
bit RE in the SCIO SCR, and bit P32DDR.
RE 0 1
P32DDR 0 1 —
Pin function P3, input pin P3, output pin* RxDO input pin
Note: * When P320DR =1, the pin becomes an NMOS open drain output.
P3,/TxD1 The pin function is switched as shown below according to the combination of
bit TE in the SCI1 SCR, and bit P31DDR.
TE 0 1
P31DDR 0 1 —
Pin function P3, input pin P3, output pin* TxD1 output pin*
Note: * When P310DR = 1, the pin becomes an NMOS open drain output.
P3,/TxD0O The pin function is switched as shown below according to the combination of

bit TE in the SCIO SCR, and bit P30DDR.

TE 0 1
P30DDR 0 1 —
Pin function P3, input pin P3, output pin* TxDO output pin*

Note: * When P300DR = 1, the pin becomes an NMOS open drain output.
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85 Port 4

85.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN3). Port 4 pin functions are the same in all operating modes. Figure 8.4 shows the port
4 pin configuration.

Port 4 pins

-—— P43 (input)/AN3 (input)

~—— P4, (input)/AN2 (input)
Port 4
~+—— P4, (input)/AN1 (input)

~—— P4, (input)/ANO (input)

Figure8.4 Port 4 Pin Functions

8.5.2 Register Configuration

Table 8.8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have a
data direction register or data register.

Table8.8 Port 4 Registers

Name Abbreviation R/W Initial Value Address*
Port 4 register PORT4 R Undefined H'FF53
Note: * Lower 16 bits of the address.
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Port 4 Register (PORT4)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ P43 ‘ P42 ‘ P41 ‘ P40 ‘
Initial value : Undefined Undefined Undefined Undefined —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins P43 to P4o.

PORT4 is an 8-hit read-only register that shows port 4 pin states. PORT4 cannot be modified.

Bits 7 to 4 are reserved; they return an undetermined value if read.

8.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN3).
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8.6 Port 5

8.6.1 Overview

Port 5isa4-bit 1/0 port. Port 5 pins aso function as SCI /0O pins (TxD2, RxD2, and SCK2). Port
5 pin functions are the same in all operating modes. Figure 8.5 shows the port 5 pin configuration.

Port 5 pins

—» P5, (1/O)

— P5, (I/0)/SCK2(I/O)
Port 5

— P5, (1/0)/RxD2 (input)

— P5, (1/0)/TxD2 (output)

Figure8.5 Port 5 Pin Functions

8.6.2 Register Configuration
Table 8.9 shows the port 5 register configuration.

Table8.9 Port 5Registers

Name Abbreviation R/W Initial Value** Address*?
Port 5 data direction register P5DDR w H'0 H'FEB4
Port 5 data register P5DR R/W H'0 H'FF64
Port 5 register PORT5 R Undefined H'FF54

Notes: 1. Value of bits 3 to 0.
2. Lower 16 bits of the address.
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Port 5 Data Direction Register (PSDDR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ P53DDR ‘ P52DDR ‘ P51DDR‘ P50DDR ‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — W W W W

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. Bits 7 to 4 are reserved. PSDDR cannot be read; if it is, an undefined value will be
read. PSDDR cannot be modified.

Setting a P5SDDR hit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

P5DDR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after amanual reset, and in software standby mode. Asthe SCI isinitialized
by areset and in standby mode, the pin states are determined by the PSDDR and PSDR
specifications.

Port 5 Data Register (P5DR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ P53DR ‘ P52DR ‘ P51DR ‘ P50DR ‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P5, to P5,).
Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

P5DR isinitialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.
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Port 5 Register (PORT5)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ P53 ‘ P52 ‘ P51 ‘ P50 ‘
Initial value : Undefined Undefined Undefined Undefined = —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins P53 to P5q.

PORTS5 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 5 pins (P5, to P5,) must always be performed on PSDR.

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.

If aport 5read is performed while PSDDR bits are set to 1, the PSDR values are read. If aport 5
read is performed while PSDDR hits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT5 contents are determined by the pin
states, as PSDDR and P5DR areinitialized. PORTS retainsiits prior state after a manual reset, and
in software standby mode.
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8.6.3

Pin Functions

Port 5 pins aso function as SCI /0O pins (TxD2, RxD2, and SCK2). Port 5 pin functions are
shown in table 8.10.

Table8.10 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P5, The pin function is switched as shown below according to bit PS3DDR.
P53DDR 0 1
Pin function P5, input pin P5, output pin
P5,/SCK2 The pin function is switched as shown below according to the combination of
bit C/A in the SCI2 SMR, bits CKEO and CKE1 in SCR, and bit P52DDR.
CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P52DDR 0 1 — — —
Pin function P5, PS5, SCK2 SCK2 SCK2
input pin | output pin | output pin | output pin | input pin
P5,/RxD2 The pin function is switched as shown below according to the combination of
bit RE in the SCI2 SCR, and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P5, input pin P5, output pin RxD2 input pin
P5,/TxD2 The pin function is switched as shown below according to the combination of

bit TE in the SCI2 SCR, and bit PSODDR.

TE 0 1
P50DDR 0 1 —
Pin function P5, input pin P5, output pin TxD2 output pin
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8.7 Port A

87.1 Overview

Port A is an 4-bit I/O port. Port A pins aso function as address bus outputs. 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 8.6 shows the port A pin configuration.

Port A pins Pin functions in modes 1, 2, 3, and 7*
- PAs/Aq PA; (1/0)
. PA,/Aq PA, (1/0)
Port A

s PA; /A, PA; (I/0)

- PA/Ag PA, (1/0)
Pin functions in modes 4 and 5 Pin functions in mode 6*
A g (output) PAz (input)/A;g (output)
A, g (output) PA, (input)/A,g (output)
A4 (output) PA; (input)/A;7 (output)
A (output) PAq (input)/A;g (output)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.6 Port A Pin Functions

8.7.2 Register Configuration

Table 8.11 shows the port A register configuration.
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Table8.11 Port A Registers

Name Abbreviation R/IW Initial Value*'  Address*
Port A data direction register PADDR w H'0 H'FEB9
Port A data register PADR R/W H'0 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'0 H'FF70
Port A open-drain control register PAODR R/W H'0 H'FF77

Notes: 1. Value of bits 3to 0.
2. Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘PA3DDR‘PA2DDR‘PAlDDR‘PAODDR‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — w w w w

PADDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pinsof port A. Bits 7 to 4 are reserved. PADDR cannot be read; if it is, an undefined value will be
read. PADDR cannot be modified.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PADDR isinitialized to H'0 (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retainsits prior state after amanual reset, and 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 atransition is made to software standby mode.

* Modes1,2, 3 and7
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.

Note: Modes 2, 3, and 7 cannot be used in the H8S/2240.

e Modes4and5

The corresponding port A pins are address outputs irrespective of the value of bits PA3DDR to
PAODDR.
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* Mode6

Setting a PADDR bit to 1 makes the corresponding port A pin an address output while clearing
the bit to 0 makes the pin an input port.

Note: Mode 6 cannot be used in the H85/2240.

Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ PA3DR ‘ PA2DR ‘ PA1DR ‘ PAODR ‘
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA, to PA,).
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 power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ PA3 ‘ PA2 ‘ PA1 ‘ PAO ‘
Initial value :  Undefined Undefined Undefined Undefined —* —* —* —*
R/W : — — — — R R R R

Note: * Determined by state of pins PAz to PAo.

PORTA is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA, to PA) 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 hits are set to 1, the PADR values are read. If aport A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a power-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 after a manual reset,
and in software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘PA3PCR‘PA2PCR ‘ PAlPCR‘ PAOPCR‘
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

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.

Bits3to O arevalidin modes 1, 2, 3, 6, and 7, and al the bitsare invalid in modes 4 and 5. When
aPADDR bitiscleared to O (input port setting), setting the corresponding PAPCR bit to 1 turnson
the MOS input pull-up for the corresponding pin.

PAPCR isinitialized to H'O (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘PA3ODR‘PA20DR‘PAlODR‘PAOODR‘
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

PAODR is an 8-hit readabl e/writable register that controls whether PMOS is on or off for each
port A pin (PA,to PA)).

Bits 7 to 4 are reserved; they return an undetermined value if read, and cannot be modified.
All bitsarevalidinmodes 1, 2, 3, and 7.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR isinitialized to H'0 (bits 3 to 0) by a power-on reset, and in hardware standby mode. It
retains its prior state after a manual reset, and in software standby mode.
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8.7.3 Pin Functions

Modes 1, 2,3and 7

Inmode 1, 2, 3, and 7, port A pins function as 1/0 ports. 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.

Note: Modes 2, 3, and 7 cannot be used in the H8S/2240.

Port A pin functionsin modes 1, 2, 3, and 7 are shown in figure 8.7.

— PA; (I/O)
— PA, (I/0)
Port A
— PA, (I/O)

- PA, (I/O)

Figure8.7 Port A Pin Functions(Modes 1, 2, 3, and 7)

Modes4 and 5
In modes 4 and 5, the lower 4 bits of port A are designated as address outputs automatically.

Port A pin functionsin modes 4 and 5 are shown in figure 8.8.

— Ajg (output)
— Ajg (output)
Port A
— A;7 (output)

— Ajg (output)

Figure8.8 Port A Pin Functions(Modes 4 and 5)
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Mode 6

In mode 6, port A pins function as address outputs or input ports. Input or output can be specified
on an individual bit basis. Setting a PADDR bit to 1 makes the corresponding port A pin an
address output, while clearing the bit to 0 makes the pin an input port.

Note: Mode 6 cannot be used in the H8S/2240.

Port A pin functions in mode 6 are shown in figure 8.9.

When PADDR =1 When PADDR =0

~— A4 (output) PAg (input)

—> A,o (Output) PA, (input)
Port A

~— A, (output) PA; (input)

— A, (output) PA (input)

Figure8.9 Port A Pin Functions (M ode 6)

Rev.3.00 Mar. 26, 2007 Page 245 of 772
REJ09B0355-0300
RENESAS




Section 8 1/0 Ports

8.7.4 MOS Input Pull-Up Function

Port A 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 1, 2, 3, 6, and 7, and cannot be used in modes 4 and 5.
MOS input pull-up can be specified as on or off on an individual bit basis.

When a PADDR hit is cleared to 0, 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 after amanual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H85/2240.
Table 8.12 summarizes the MOS input pull-up states.

Table8.12 MOSInput Pull-Up States (Port A)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
1t03,6,7 PA to PA, OFF OFF ON/OFF ON/OFF ON/OFF
4,5 PA, to PA, OFF OFF 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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8.8 Port B

88.1 Overview

Port B is an 8-bit I/O port. Port B has an address bus output function, and 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 8.10 shows the port B pin configuration.

Port B pins Pin functions in modes 1, 4, and 5
< PB;/Ass A;s (output)
[— PBg/A, A1, (output)
> PBg/Ap3 Aq3 (output)
— PB,/A, A1, (output)
PortB |4 W PB3/Aq; A11 (output)
" PBy/Aqg A; (output)
= PB,/Ag Ag (output)
= PBj/Ag Ag (output)
Pin functions in modes 2 and 6* Pin functions in modes 3 and 7*
PB> (input)/A;5 (output) PB, (1/0)
PBg (input)/A4 (output) PBg (I/0)
PBs5 (input)/A43 (output) PBg (I/0)
PBy, (input)/A4, (output) PB, (I/0)
PB; (input)/A,, (output) PB; (I/0)
PB, (input)/A;, (output) PB, (1/O)
PB; (input)/Ag (output) PB, (I/0)
PBy (input)/Ag (output) PBy (I/0)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.10 Port B Pin Functions
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882 Register Configuration
Table 8.13 shows the port B register configuration.

Table8.13 Port B Registers

Name Abbreviation R/W Initial Value Address*
Port B data direction register PBDDR W H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 H'FF71

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PB7DDR‘PB6DDR ‘ PBSDDR‘ PB4DDR‘ PB3DDR‘PBZDDR ‘ PBlDDR‘ PBODDR ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : w w W W W W w w

PBDDR is an 8-hit 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.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PBDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
prior state after amanual reset, and 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.

* Modesl, 4,and5
The corresponding port B pins are address outputs irrespective of the value of the PBDDR bits.

e Modes2and6

Setting a PBDDR bit to 1 makes the corresponding port B pin an address output, while
clearing the bit to 0 makes the pin an input port.

Note: Modes 2 and 6 cannot be used in the H8S/2240.
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* Modes3and7
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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0

‘ PB7DR ‘ PB6DR ‘ PB5DR ‘ PB4DR ‘ PB3DR ‘ PB2DR ‘ PB1DR ‘ PBODR ‘
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

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB, to PB,).
PBDRisinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state after a manual reset, and 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 : —* —* — —* _* _* _* _*
R/W : 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 (PB, to PB;) must always be performed on PBDR.

If aport B read is performed while PBDDR hits 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 retains its prior state after a manual reset, and
in software standby mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0

‘ PB7PCR ‘ PBGPCR‘ PBSPCR‘ PB4PCR‘ PB3PCR ‘ PB2PCR ‘ PBlPCR‘PBOPCR‘
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

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.

When a PBDDR hit is cleared to 0 (input port setting) in mode 2, 3, 6, or 7, setting the
corresponding PBPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PBPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

8.8.3 Pin Functions
Modes 1, 4, and 5
In modes 1, 4, and 5, port B pins are automatically designated as address outputs.

Port B pin functionsin modes 1, 4, and 5 are shown in figure 8.11.

— A;s (output)
— Ay, (output)
— A;3 (output)
Port B — A, (output)
— Aq; (output)
— Ay (output)

—= Ag (output)

—= Ag (output)

Figure8.11 Port B Pin Functions (Modes 1, 4, and 5)
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Modes 2 and 6

In modes 2 and 6, port B pins function as address outputs or input ports. Input or output can be
specified on anindividual bit basis. Setting a PBDDR bit to 1 makes the corresponding port B pin
an address output, while clearing the bit to 0 makes the pin an input port.

Note: Modes 2 and 6 cannot be used in the H85/2240.

Port B pin functionsin modes 2 and 6 are shown in figure 8.12.

When PBDDR =1 When PBDDR =0
~+— A5 (output) PB;, (input)
— A, (output) PBg (input)
~— A, (output) PBs (input)
PortB [ ™ A (output) PB, (input)
< Ay (output) PB; (input)
" Ay (output) PB, (input)
— Ay (output) PB; (input)
— Ao (output) PBg (input)

Figure8.12 Port B Pin Functions (Modes 2 and 6)
Modes3and 7

In modes 3 and 7, port B pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. 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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port B pin functionsin modes 3 and 7 are shown in figure 8.13.
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<> PB; (I/0)
~— PBg (I/0)
e PB; (I/O)
portg |+~ PBs (VO)
~— PB; (I/0)
l—» PB, (I/O)

- PB, (I/O)

> PB, (I/O)

Figure8.13 Port B Pin Functions (Modes 3 and 7)

884 MOS Input Pull-Up Function

Port B 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 2, 3, 6, and 7, and can be specified as on or off on an
individual bit basis.

When a PBDDR bit iscleared to 0 in mode 2, 3, 6, or 7, 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 after amanual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8.14 summarizes the MOS input pull-up states.

Table8.14 MOSInput Pull-Up States (Port B)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode  Reset Standby Mode Operations
1,4,5 OFF OFF OFF OFF OFF
2,3,6,7 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.

Rev.3.00 Mar. 26, 2007 Page 252 of 772
REJ09B0355-0300
RENESAS



Section 8 1/0 Ports

8.9 Port C

89.1 Overview

Port C isan 8-bit I/O port. Port C has an address bus output function, and 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 8.14 shows the port C pin configuration.

Port C pins Pin functions in modes 1, 4, and 5
. PC,/A; A; (output)
- PC4/Aq Ag (output)
— PCg/Ag As (output)
botc ™ PC,/A, Ay (output)
. PCy/A; Az (output)
= PC,/A, A; (output)
.= PC;/A; A, (output)
— PCy/A, Ag (output)
Pin functions in modes 2 and 6* Pin functions in modes 3 and 7*
PC- (input)/A; (output) PC- (1/0)
PCg (input)/Ag (output) PCg (1/0)
PCs5 (input)/As (output) PCs (1/0)
PC, (input)/A, (output) PC, (1/0)
PC; (input)/A; (output) PC; (1/0)
PC, (input)/A, (output) PC, (1/0)
PC, (input)/A; (output) PC, (/0)
PC, (input)/Aq (output) PC, (1/0)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.14 Port C Pin Functions
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8.9.2 Register Configuration
Table 8.15 shows the port C register configuration.

Table8.15 Port C Registers

Name Abbreviation R/W Initial Value Address*
Port C data direction register PCDDR W H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0
‘PC?DDR‘ PC6DDR‘ PC5DDR‘ PC4DDR‘PC3DDR‘PC2DDR‘ PClDDR‘PCODDR‘

Initial value : 0 0 0 0 0 0 0 0

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

PCDDR is an 8-hit 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.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PCDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retains its
prior state after amanual reset, and 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.

* Modesl, 4,and5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

e Modes2and6

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.

Note: Modes 2 and 6 cannot be used in the H8S/2240.
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* Modes3and7
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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0

‘ PC7DR ‘ PC6DR ‘ PC5DR ‘ PC4DR ‘ PC3DR ‘ PC2DR ‘ PC1DR ‘ PCODR ‘
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

PCDR is an 8-hit readable/writable register that stores output data for the port C pins (PC, to PC,).

PCDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after amanual reset, and 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
R/W : R R R R R R R R

Note: * Determined by state of pins PC7 to PCo.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC, to PC;) 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 after a manual reset, and
in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0
‘PC?PCR‘ PCGPCR‘ PCSPCR‘ PC4PCR‘ PC3PCR ‘ PC2PCR ‘ PClPCR‘ PCOPCR‘

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

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.

When a PCDDR hit is cleared to 0 (input port setting) in mode 2, 3, 6, or 7, setting the
corresponding PCPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PCPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

8.9.3 Pin Functions
Modes 1, 4, and 5
In modes 1, 4, and 5, port C pins are automatically designated as address outputs.

Port C pin functionsin modes 1, 4, and 5 are shown in figure 8.15.

— A (output)
— Ag (output)
— A (output)
Port C — A, (output)
— A3 (output)
— A, (output)

— A; (output)

— Ay (output)

Figure8.15 Port C Pin Functions (Modes 1, 4, and 5)
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Modes 2 and 6

In modes 2 and 6, port C pins function as address outputs or input ports. Input or output can be
specified on anindividual bit basis. 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.

Note: Modes 2 and 6 cannot be used in the H85/2240.

Port C pin functionsin modes 2 and 6 are shown in figure 8.16.

When PCDDR =1 When PCDDR =0
—> A, (output) PC; (input)
—> Ag (output) PCg (input)
— A (output) PCs (input)
bortc [+ As (output) PC, (input)
— A, (output) PC; (input)
—> A, (output) PC, (input)
— A, (output) PC; (input)
— A, (output) PC, (input)

Figure8.16 Port C Pin Functions (Modes 2 and 6)
Modes3and 7

In modes 3 and 7, port C pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. 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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port C pin functionsin modes 3 and 7 are shown in figure 8.17.
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— PC,(l/O)
— PCq(1/O)
— PC;(I/O)
portc [+ PCa(V0)
— PC,(l/O)
~—» PC, (I/0)

e— PC, (1/0)

e PC, (1/O)

Figure8.17 Port C Pin Functions(Modes 3 and 7)

894 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 2, 3, 6, and 7, and can be specified ason or off on an
individual hit basis.

When a PCDDR hit iscleared to 0 in mode 2, 3, 6, or 7, setting the corresponding PCPCR 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 after amanual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8.16 summarizes the MOS input pull-up states.

Table8.16 MOSInput Pull-Up States (Port C)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
1,4,5 OFF OFF OFF OFF OFF
2,3,6,7 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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8.10 PortD

8.10.1 Overview

Port D isan 8-bit 1/0 port. Port D has a data bus 1/0O 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 8.18 shows the port D pin configuration.

Port D pins

[— PD;/D;5
le—» PDg/Dy,
— PDg/D3
potD [+ - PPa/Dr
—= PD,/D;;
— PD,/Dj,
«—» PD,/Dg

— PDg/Dg

Pin functions in modes 1, 2, 4, 5, and 6*

D5 (/O)
Dy4 (1/O)
D3 (/O)
Dy, (1/O)
Dy, (/O)
Dyg (1/O)
Dy (I/0)
Dg (1/0)

Pin functions in modes 3 and 7*

PD; (I/O)
PDy (I/O)
PD; (I/O)
PD, (I/O)
PD; (I/O)
PD, (I/O)
PD, (I/O)
PD, (I/O)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.18 Port D Pin Functions
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8.10.2 Register Configuration
Table 8.17 shows the port D register configuration.

Table8.17 Port D Registers

Name Abbreviation R/W Initial Value Address*
Port D data direction register PDDDR W H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0
‘PD?DDR‘PDGDDR‘ PD5DDR‘ PD4DDR‘PD3DDR‘PD2DDR‘ PDlDDR‘PDODDR‘

Initial value : 0 0 0 0 0 0 0 0

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

PDDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot beread; if it is, an undefined value will be read.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PDDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state after amanual reset, and in software standby mode.

* Modesl, 2,4,5,and 6
The input/output direction specification by PDDDR isignored, and port D is automatically
designated for data l/O.

Note: Modes 2 and 6 cannot be used in the H85/2240.

e Modes3and7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H85/2240.
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Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PD7DR ‘ PD6DR ‘ PD5DR ‘ PD4DR ‘ PD3DR ‘ PD2DR ‘ PD1DR ‘ PDODR ‘
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

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD, to PD,).

PDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits prior
state after a manual reset, and 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 : —* — —* —* _* _* _* —
R/W : 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 (PD, to PD,) must always be performed on PDDR.

If aport D read is performed while PDDDR hits are set to 1, the PDDR values are read. If aport D
read is performed while PDDDR bits are cleared to 0, 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 retains its prior state after a manual reset,
and in software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
‘PD7PCR‘PD6PCR‘ PD5PCR‘ PD4PCR‘ PD3PCR‘PD2PCR ‘ PDlPCR‘ PDOPCR‘

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

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 3 or 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 after amanual reset, and in software standby mode.

8.10.3  Pin Functions

Modes1, 2, 4,5,and 6

Inmodes 1, 2, 4,5, and 6, port D pins are automatically designated as data |/O pins.
Note: Modes 2 and 6 cannot be used in the H85/2240.

Port D pin functionsin modes 1, 2, 4, 5, and 6 are shown in figure 8.19.

~—> D5 (I/0)
= Dy, (/0)
~— Dy3(l/0)
potp [+ - PO
[~ Dy, (/O)
> Dy, (I/0)

~—» Dy (I/0)

~—» Dy (1/0)

Figure8.19 Port D Pin Functions(Modes 1, 2, 4, 5, and 6)
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Modes3 and 7

In modes 3 and 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 bit to 1 makes the corresponding port D pin an output
port, while clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H85/2240.

Port D pin functions in modes 3 and 7 are shown in figure 8.20.

Port D

PD;, (I/0)
PDj (1/0)
PDj (1/0)
PD, (I/0)
PD; (I/0)
PD, (I/0)
PD; (I/0)
PDy, (I/0)

Figure8.20 Port D Pin Functions(Modes3 and 7)
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8.104 MOSInput 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 modes 3 and 7, and can be specified as on or off on an
individual bit basis.

When a PDDDR bit is cleared to 0 in mode 3 or 7, setting the corresponding PDPCR 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 after amanual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
Table 8.18 summarizes the MOS input pull-up states.

Table8.18 MOSInput Pull-Up States (Port D)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
1,2,4t06 OFF OFF OFF OFF OFF
3,7 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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8.11 Port E

8.11.1 Overview

Port E isan 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 8.21 shows the port E pin configuration.

Port E pins Pin functions in modes 1, 2, 4, 5, and 6*
< PE;/Dy PE; (1/0)/D; (I/O)
+— PEg/Dg PEjg (I/0)/Dg (1/0)
[ PEs/Dsg PE; (1/0)/Ds (I/O)
porte [+ PE4/Da PE, (I/0)/D, (/)
™ PEs/Ds PE; (1/0)/Dg (1/0)
<= PE,/Dy PE, (1/0)/D, (I/O)
<—* PE,/D; PE, (/0)/D, (I/O)
[~ PEo/Dy PE, (/0)/D, (1/0)

Pin functions in modes 3 and 7*

PE; (I/0)
PEg (I/0)
PEs (I/O)
PE, (I/O)
PE; (1/0)
PE, (I/O)
PE; (I/O)
PE, (I/O)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.21 Port E Pin Functions

Rev.3.00 Mar. 26, 2007 Page 265 of 772
REJ09B0355-0300
RENESAS




Section 8 1/0 Ports

8.11.2 Register Configuration
Table 8.19 shows the port E register configuration.

Table8.19 Port E Registers

Name Abbreviation R/W Initial Value Address*
Port E data direction register PEDDR \W H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PE7DDR‘ PEGDDR‘ PESDDR‘ PE4DDR‘ PE3DDR ‘ PE2DDR ‘ PElDDR‘ PEODDR ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : W 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.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PEDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state after amanual reset, and in software standby mode.

* Modesl, 2,4,5 and 6
When 8-bit bus mode has been selected, port E pins function as 1/0 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 6, Bus Controller.

Note: Modes 2 and 6 cannot be used in the H85/2240.
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e Modes3and7

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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0

‘ PE7DR ‘ PEG6DR ‘ PE5DR ‘ PE4DR ‘ PE3DR ‘ PE2DR ‘ PE1DR ‘ PEODR ‘
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

PEDR is an 8-hit readable/writable register that stores output data for the port E pins (PE, to PE,).

PEDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state after amanual reset, and in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0

‘ PE7 ‘ PEG6 ‘ PES ‘ PE4 ‘ PE3 ‘ PE2 ‘ PE1 ‘ PEO ‘
Initial value : —* — _* _* _x _ %  x
R/W : 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 (PE, to PE;) 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 0, 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 after amanual reset, and
in software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0
‘PE?PCR‘ PE6PCR‘ PESPCR‘ PE4PCR‘ PE3PCR ‘ PE2PCR ‘ PElPCR‘ PEOPCR‘

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

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 hit is cleared to O (input port setting) when 8-bit bus mode is selected in mode 1,
2, 4,5, or 6, or inmode 3 or 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 after amanual reset, and in software standby mode.

8.11.3 Pin Functions
Modes 1, 2, 4,5, and 6

In modes 1, 2, 4, 5, and 6, when 8-hit accessis designated and 8-bit bus mode is selected, port E
pins are automatically designated as 1/0 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 isdesignated for data |/O.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

Port E pin functionsin modes 1, 2, 4, 5, and 6 are shown in figure 8.22.
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Port E

8-bit bus mode

PE;
PEs
PE;
PE,
PE,
PE,
PE,
PE,

(1/0)
(1/0)
(1/0)
(1/0)
(1/0)
(1/0)
(1/0)
(1/0)

16-bit bus mode

D, (1/0)
Dg (I/0)
Ds (I/0)
D, (I/O)
D; (1/0)
D, (1/0)
D, (I/0)
Dy (I/0)

Figure8.22 Port E Pin Functions (Modes 1, 2, 4, 5, and 6)

Modes3 and 7

In modes 3 and 7, port E pins function as 1/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.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port E pin functions in modes 3 and 7 are shown in figure 8.23.

Port E

PE; (1/0)
PEg (1/0)
PEs (1/O)
PE, (1/O)
PE; (1/0)
PE, (1/0O)
PE, (1/O)
PE, (1/O)

Figure8.23 Port E Pin Functions (Modes 3 and 7)
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8.11.4 MOSInput Pull-Up Function

Port E 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 1, 2, 4, 5, and 6 when 8-bit bus mode is selected, or in
mode 3 or 7, and can be specified as on or off on an individual bit basis.

When a PEDDR hit iscleared to 0 in mode 1, 2, 4, 5, or 6 when 8-bit bus mode is selected, or in
mode 3 or 7, setting the corresponding PEPCR 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 after amanual reset, and in software standby mode.

Note: Modes 2, 3, 6, and 7 cannot be used in the H85/2240.
Table 8.20 summarizes the MOS input pull-up states.

Table8.20 MOSInput Pull-Up States (Port E)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
3,7 OFF OFF ON/OFF ON/OFF ON/OFF
1,2,4t06 8-bitbus
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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8.12 Port F

8.12.1 Overview

Port F isan 8-bit 1/0 port. Port F pins also function as bus control signal input/output pins (AS,
RD, HWR, LWR, WAIT, BREQO, BREQ, and BACK), the system clock (¢) output pin and
interrupt input pins (IRQO to IRQ3).

Theinterrupt input pins (IRQO to IRQ3) are Schmitt-triggered inputs.

Figure 8.24 shows the port F pin configuration.

Port F pins Pin functions in modes 1, 2, 4, 5, and 6*
[ PF,/Q PF; (input)/@(output)
— PFz/AS AS (output)
+—w= PF;/RD RD (output)
Port — PF,/HWR HWR (output)
<> PF,/[WR/RQ3 LWR (output)
l«—» PF,/WAIT/BREQO/IRQ2 PF, (/O)/WAIT (input)/BREQO (output)/TRQ2 (input)
«—» PF,/BACK/IRQ1 PF, (/O)/BACK (output)/TRQT (input)
«—» PF,/BREQ/RQO PF, (/0)/BREQ (input)/TRQO (input)

Pin functions in modes 3 and 7*

PF- (input)/@ (output)
PF (1/0)

PFg (/0)

PF, (I/0)

PF; (/0)/IRQ3 (input)
PF, (/0)/IRQ2 (input)
PF, (O)TRQT (input)
PF, (/0)/IRQO (input)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.24 Port F Pin Functions
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8.122 Register Configuration
Table 8.21 shows the port F register configuration.

Table8.21 Port F Registers

Name Abbreviation R/W Initial Value Address**
Port F data direction register PFDDR w H'80/H'00** H'FEBE
Port F data register PFDR R/W H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E

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‘PF6DDR ‘ PF5DDR‘ PF4DDR‘ PF3DDR ‘ PF2DDR ‘ PFlDDR‘ PFODDR‘
Modes 1, 2, 4,5, 6

Initial value : 1 0 0 0 0 0 0 0
R/W : W W W W W W W

Modes 3 and 7

Initial value : 0 0 0 0 0 0 0 0
R/W : w w w w w w w

PFDDR is an 8-hit 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.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PFDDR isinitialized by a power-on reset, and in hardware standby mode, to H'80 in modes 1, 2,
4,5, and 6, and to H'00 in modes 3 and 7. It retains its prior state after amanual reset, and 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.

e Modes1], 2,4,5,and 6

Pin PF, functions as the ¢ output pin when the corresponding PFDDR bit isset to 1, and asan
input port when the bit is cleared to 0.
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The input/output direction specified by PFDDR isignored for pins PR, to PF,, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR).

For pins PF, to PF,, 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.

Note: Modes 2 and 6 cannot be used in the H85/2240.

e Modes3and 7

Setting a PFDDR bit to 1 makes the corresponding port F pin PF, to PF, an output port, or in
the case of pin PF,, the @ output pin. Clearing the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H85/2240.

Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

‘ PF7DR ‘ PF6DR ‘ PF5DR ‘ PF4DR ‘ PF3DR ‘ PF2DR ‘ PF1DR ‘ PFODR ‘
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

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF, to PF,).

PFDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsiits prior
state after a manual reset, and in software standby mode.

Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0

‘ PF7 ‘ PF6 ‘ PF5 ‘ PF4 ‘ PF3 ‘ PF2 ‘ PF1 ‘ PFO ‘
Initial value : —* —* — —* _* _* _ _*
R/W : 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. Writing of output data for the port
F pins (PF, to PF,) 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.
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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 after a manual reset, and
in software standby mode.

8.12.3 Pin Functions

Port F pins also function as bus control signal input/output pins (AS, RD, HWR, LWR, WAIT,

BREQO, BREQ, and BACK), the system clock () output pin and interrupt input pins (IRQO to
IRQ3). The pin functions differ between modes 1, 2, 4, 5, and 6, and modes 3 and 7. Port F pin
functions are shown in table 8.22.

Table8.22 Port F Pin Functions

Pin Selection Method and Pin Functions

PF./¢ The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF, input pin @ output pin

PFG/E The pin function is switched as shown below according to the operating mode
and bit PF6DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PF6DDR — 0 1
Pin function AS output pin PF, input pin PF, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PFS/W The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PF5DDR — 0 1
Pin function RD output pin PF, input pin PF, output pin

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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Pin

Selection Method and Pin Functions

PF /HWR

The pin function is switched as shown below according to the operating mode
and bit PFADDR.

Operating

Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PFADDR — 0 1

Pin function HWR output pin PF, input pin PF, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PF,/LWR/IRQ3

The pin function is switched as shown below according to the operating mode
and bit PF3DDR.

Operating Modes Modes

Mode 1,2,4,5,6* 3and 7*°

PF3DDR — 0 1

Pin function LWR output pin PF, input pin PF, output pin
IRQ3 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PF,/WAIT/
BREQO/IRQ2

The pin function is switched as shown below according to the operating mode,
and the BREQOE bit, WAITE bit in BCRL, and PF2DDR bit.

Operating

Mode Modes 1, 2, 4, 5, 6** Modes 3 and 7**

BREQOE 0 1 —

WAITE 0 1 — —

PF2DDR 0 1 — — 0 1

Pin function PF, PF, WAIT | BREQO | PF, PF,
input pin joutput pin| input pin [output pin| input pin |output pin

TRQ2 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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Pin Selection Method and Pin Functions

PF /BACK/IRQ1 The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PF1DDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6** Modes 3 and 7**
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF, PF, BACK PF, PF,
input pin | output pin | output pin | input pin | output pin
TRQT interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H85/2240.

PF/BREQ/IRQ0O  The pin function is switched as shown below according to the operating mode,
and the BRLE bit in BCRL and PFODDR bit.

Operating
Mode Modes 1, 2, 4, 5, 6** Modes 3 and 7**
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PF, PF, BREQ PF, PF,
input pin | output pin | inputpin | inputpin | output pin
TRQO interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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8.13 PortG

8.13.1 Overview

Port G isa5-hit 1/0 port. Port G pins also function as bus control signal output pins (CSO to CS3).
The A/D converter input pin (ADTRG), and interrupt input pins (IRQ6, IRQ7). The interrupt input
pins (IRQ6, IRQ7) are Schmitt-triggered inputs.

Figure 8.25 shows the port G pin configuration.

Port G pins

—w= PG,/CSO

- PG4/CST

PortG |a—m sz/@
—= PG,/CS3/IRQ7
— PG,/ADTRG/IRQ6

Pin functions in modes 3 and 7*

PG, (I/O)
PG; (I/0)

PG, (I/O)

PG, (I/0)/TRQ7 (input)

PG, (/0)/ADTRG (input)/TRQ6 (input)

Pin functions in modes 1 and 2*

PG, (input)/CSO0 (output)

PG, (I/0)

PG, (1/0)

PG, (I/O)/IRQ7 (input)

PG, (I/0)/ADTRG (input)/TRQ6 (input)

Pin functions in modes 4 to 6*

PG, (input)/CS0 (output)
PG; (input)/CST (output)
PG, (input)/CS2 (output)
PG, (input)/CS3 (output)/TRQ7 (input)
PG, (/0)/ADTRG (input)/TRQ6 (input)

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Figure8.25 Port G Pin Functions
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8.13.2 Register Configuration
Table 8.23 shows the port G register configuration.

Table8.23 Port G Registers

Name Abbreviation R/W Initial Value** Address*?
Port G data direction register PGDDR W H'00/H'10*° H'FEBF
Port G data register PGDR R/W H'00 H'FF6F
Port G register PORTG R Undefined H'FF5F

Notes: 1. Value of bits 4 to 0.
2. Lower 16 bits of the address.
3. Initial value depends on the mode.

Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘PG4DDR‘PGSDDR‘PGZDDR‘PGlDDR‘PGODDR‘

Modes 1, 4,5

Initial value :  Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — w w w w w
Modes 2, 3,6, 7

Initial value :  Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — W W W W W

PGDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read, and bits 7 to 5 are reserved. If PGDDR isread, an
undefined value will be read. PGDDR cannot be modified.

Thisregister isawrite-only register, and cannot be written by bit manipulation instruction. For
details, see section 2.10.4, Access Methods for Registers with Write-Only Bits.

PGDDR isinitialized by a power-on reset, and in hardware standby mode, to H'10 (bits4 to 0) in
modes 1, 4, and 5, and to H'00 (bits 4 to 0) in modes 2, 3, 6, and 7. It retains its prior state after a
manual reset, and 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.

Note: Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

Rev.3.00 Mar. 26, 2007 Page 278 of 772
REJ09B0355-0300
RENESAS



Section 8 1/0 Ports

* Modesl, 2,4,5 and 6
Pins PG, to PG, function as bus control output pins (CSO to CS3) when the corresponding
PGDDR hitsare set to 1, and as input ports when the bits are cleared to 0.

Pin PG, is an output port when the corresponding PGDDR bit is set to 1, and an input port
when the bit is cleared to 0.

Note: Modes 2 and 6 cannot be used in the H8S/2240.

e Modes3and7

Setting a PGDDR hit to 1 makes the corresponding port G pin an output port, while clearing
the bit to 0 makes the pin an input port.

Note: Modes 3 and 7 cannot be used in the H8S/2240.

Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ PG4DR ‘ PG3DR ‘ PG2DR ‘ PG1DR ‘ 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-bit readable/writable register that stores output data for the port G pins (PG, to PG,).
Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.

PGDR isinitialized to H'00 (bits 4 to 0) by a power-on reset, and in hardware standby mode. It
retainsits prior state after amanual reset, and in software standby mode.
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Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ PG4 ‘ PG3 ‘ PG2 ‘ PG1 ‘ PGO ‘
Initial value : Undefined Undefined Undefined — —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by state of pins PG4 to PGo.

PORTG is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (PG, to PG,) must always be performed on PGDR.

Bits 7 to 5 are reserved; they return an undetermined value if read, and cannot be modified.

If aport G read is performed while PGDDR bits are set to 1, the PGDR values are read. If aport G
read is performed while PGDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTG contents are determined by the pin
states, as PGDDR and PGDR are initialized. PORTG retainsits prior state after amanual reset,
and in software standby mode.
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8.13.3

Pin Functions

Port G pins also function as bus control signal output pins (CS0 to CS3) the A/D converter input
pin (ADTRG), and interrupt input pins (IRQ6, IRQ7). The pin functions are different in modes 1
and 2, modes 3 and 7, and modes 4 to 6. Port G pin functions are shown in table 8.24.

Table8.24 Port G Pin Functions

Pin Selection Method and Pin Functions

PG,/CS0 The pin function is switched as shown below according to the operating mode
and bit PG4DDR.
Operating
Mode Modes 1, 2, 4, 5, 6* Modes 3 and 7*
PG4DDR 0 1 0 1
Pin function PG, input pin |{CSO0 output pin| PG, input pin |PG, output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S5/2240.

PG,/CS1 The pin function is switched as shown below according to the operating mode
and bit PG3DDR.
Operating
Mode Modes 1, 2, 3, 7* Modes 4 to 6*
PG3DDR 0 1 0 1
Pin function PG, input pin | PG, output pin| PG, input pin {CS1 output pin
Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PG,/CS2 The pin function is switched as shown below according to the operating mode

and bit PG2DDR.

Operating
Mode Modes 1, 2, 3, 7* Modes 4 to 6*
PG2DDR 0 1 0 1

Pin function PG, input pin |PG, output pin| PG, input pin [CS2 output pin

Note: * Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.
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Pin

Selection Method and Pin Functions

PG /CS3/IRQ7

The pin function is switched as shown below according to the combination of
operating mode and bit PG1DDR.

Operating

Mode Modes 1, 2, 3, 7** Modes 4 to 6*°
PG1DDR 0 1 0 1

Pin function PG, input pin |PG, output pin| PG, input pin [CS3 output pin

IRQ7 interrupt input pin**

Notes: 1. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.

2. Modes 2, 3, 6, and 7 cannot be used in the H8S/2240.

PG,/ADTRG/IRQ6

The pin function is switched as shown below according to the combination of
bits TRGS1 and TRGSO in the A/D ADCR and bit PGODDR.

PGODDR

0

1

Pin function

PG, input

PG, output

ADTRG input pin**

IRQ6 interrupt input pin*?

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.

2. When this pin is used as an external interrupt input, it should not be
used as an input/output pin with other functions.
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8.14 Handling of Unused Pins

Unused input pins should be fixed high or low. Generally, the input pins of CMOS products are
high-impedance. Leaving unused pins open can cause the generation of intermediate levels due to
peripheral noise induction. This can result in shoot-through current inside the device and cause it
to malfunction. Table 8.25 lists examples of ways to handle unused pins.

Table8.25 Examplesof Waysto Handle Unused Input Pins

Port Name  Pin Handling Example

Port 1 Connect each pin to Vcc (pull-up) or to Vss (pull-down) via a resistor.
Port 2
Port 3

Port 4 Connect each pin to AVcc (pull-up) or to AVss (pull-down) via a resistor.

Port 5 Connect each pin to Vcc (pull-up) or to Vss (pull-down) via a resistor.
Port A
Port B
Port C
Port D
Port E
Port F
Port G
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Section 9 16-Bit Timer Pulse Unit (TPU)

91 Overview

The H85/2245 Group has an on-chip 16-hit timer pulse unit (TPU) that comprises three 16-bit
timer channels.

9.1.1 Features

e Maximum 8-pulse input/output
» A total of 8 timer general registers (TGRs) are provided (four for channel 0 and two each for
channels 1, and 2), each of which can be set independently as an output compare/input capture
register
TGRC and TGRD for channel 0 can also be used as buffer registers
» Selection of 7 or 8 counter input clocks for each channel
» Thefollowing operations can be set for each channel:
O Waveform output at compare match: Selection of 0, 1, or toggle output
O Input capture function: Selection of rising edge, falling edge, or both edge detection
O Counter clear operation: Counter clearing possible by compare match or input capture
O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register smultaneous input/output possible by counter synchronous operation
0 PWM mode: Any PWM output duty can be set
Maximum of 7-phase PWM output possible by combination with synchronous operation
» Buffer operation settable for channel 0
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, and 2
0 Two-phase encoder pulse up/down-count possible
e Fast accessviainterna 16-bit bus
0 Fast accessispossible viaa 16-bit businterface
e 13interrupt sources
O For channel 0 four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently
0 For channels 1, and 2, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently
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e Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) activation

« A/D converter conversion start trigger can be generated

0 Channel 2 to 0 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

O Astheinitial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 9.1 lists the functions of the TPU.
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Table9.1 TPU Functions (1)

Item Channel 0 Channel 1 Channel 2

Count clock @1 @1 @1
@4 @4 @4
@16 @16 @16
@64 @64 @64
TCLKA @256 @1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC

General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B

General registers/ TGROC — —

buffer registers TGROD

I/O pins TIOCAO TIOCAl TIOCA2
TIOCBO TIOCB1 TIOCB2
TIOCCO
TIOCDO

Counter clear TGR compare match or TGR compare match or TGR compare match or

function input capture input capture input capture

Compare 0 output O O O

match o out O o o

output

Toggle O O O
output

Input capture O O O

function

Synchronous @) @) @)

operation

PWM mode O O @)

Phase counting — @) @)

mode

Buffer operation @) — —

Legend:

O: Possible

—: Not possible
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Table9.1

Iltem

TPU Functions (2)

Channel 0

Channel 1

Channel 2

DTC activation

TGR compare match or

input capture

TGR compare match or

input capture

TGR compare match or

input capture

A/D converter trigger

TGROA compare match

or input capture

TGR1A compare match

or input capture

TGR2A compare match

or input capture

Interrupt sources

5 sources

» Compare match or
input capture OA

» Compare match or
input capture OB

» Compare match or
input capture 0C

» Compare match or
input capture OD

» Overflow

4 sources

« Compare match or
input capture 1A

« Compare match or
input capture 1B

* Overflow
* Underflow

4 sources

» Compare match or
input capture 2A

» Compare match or
input capture 2B

* Overflow
» Underflow
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9.12

Block Diagram

Figure 9.1 shows a block diagram of the TPU.

Clock input
Internal clock: @/1
@4
@16
/o4 o] .
o
@256 sl 8llze A $ — > Internal data bus
@1024 E| = = 5}
JEE £ .
. Ol € = %) A/D conversion
External clock: TCLKA 8 ‘,’_’ =~ a start request signal
TCLKB [ L |
TCLKC A
TCLKD g o
N ] &
LT Ll
K
= »1ololo
c|lx % 503 L=l
O|O(QL
Input/output pins FlF|F § Interrupt request signals
Channel 0:  TIOCAO ——o Channel 0: TGIOA
TIOCBO o o 3 TGIOB
TIocco o =8| o2 TGIoC
= g|F| " Ele| & TGIOD
TIOCDO by <'L_"> = | 2| x| x
. IS ololo TCIOV
Channel 1: TIOCA1 % Sly|x|lx HlF|F
TIOCB1 £ O 9|2 E™ Channel 1: TGI1A
Channel 2:  TIOCA2 % TGI1B
TIOCB2 = TS reiv
2 ol|B % (’:}:) k| TCI1U
2 o E = —l<|ml ol Channel 2: TGI2A
= c zld|x| x|
5 N e 15| o| 6|6l Tei28
1S Sgn:%o HlF[FF|F TCl2V
o o £
o FlElF TCI2U
Legend:
TSTR: Timer start register TIOR (H, L): Timer 1/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)

TCNT:

Timer counter

Figure9.1 Block Diagram of TPU
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.1.3 Pin Configuration

Table 9.2 shows the pin configuration of the TPU.

Table9.2 TPU Pins
Channel Name Symbol /O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 phase counting mode A phase
input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase
input)
Clock input C TCLKC Input External clock C input pin
(Channel 2 phase counting mode A phase
input)
Clock input D TCLKD Input External clock D input pin
(Channel 2 phase counting mode B phase
input)
0 Input capture/output  TIOCAO  I/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/output  TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/output  TIOCCO I/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/output  TIOCDO I/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/output TIOCA1 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/output  TIOCB1  I/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/output TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/output  TIOCB2 I/O TGR2B input capture input/output compare

compare match B2

output/PWM output pin
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914 Register Configuration

Table 9.3 summarizes the TPU registers.

Table9.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address**
0 Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/IW H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer 1/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/(W)**> H'CO H'FFD5
Timer counter 0 TCNTO R/W H'0000 H'FFD6
Timer general register OA TGROA R/W H'FFFF H'FFD8
Timer general register 0B TGROB RIW H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE
1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer 1/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/(W) ** H'CO H'FFE5
Timer counter 1 TCNT1 R/W H'0000 H'FFE6
Timer general register 1A TGR1A R/W H'FFFF H'FFE8
Timer general register 1B TGR1B R/IW H'FFFF H'FFEA
2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/IW H'CO H'FFF1
Timer 1/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 R/(W) ** H'CO H'FFF5
Timer counter 2 TCNT2 R/W H'0000 H'FFF6
Timer general register 2A TGR2A R/IW H'FFFF H'FFF8
Timer general register 2B TGR2B R/W H'FFFF H'FFFA
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Section 9 16-Bit Timer Pulse Unit (TPU)

Channel Name Abbreviation R/W Initial Value Address**

All Timer start register TSTR R/W H'00 H'FFCO
Timer synchro register TSYR R/W H'00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.

9.2 Register Descriptions

921 Timer Control Register (TCR)

Channel 0: TCRO

Bit : 7 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
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 1: TCR1
Channel 2: TCR2

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
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

The TCR registers are 8-hit registers that control the TCNT channels. The TPU hasthree TCR
registers, one for each of channels 0 to 2. The TCR registers are initialized to H'00 by a reset, and
in hardware standby mode.

TCNT operation should be stopped when making TCR settings.
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Bits 7, 6, 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 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
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 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 bitin 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 1and 2. It is always read as 0 and cannot be modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGOQ): These bits select the input clock edge.
When a both-edges count is selected, a clock divided by two from the input clock can be selected.
(e.0. @4 both edges = @2 rising edge). If phase counting mode is used on channels 1, and 2, this
setting isignored 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. If @¢/1 is selected
as the input clock, this setting is ignored and count at falling edge of @is selected.

Bits2, 1, and 0—Time Prescaler 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 9.4 shows
the clock sources that can be set for each channel.

Table9.4 TPU Clock Sources

Internal Clock External Clock
Channel @1 Q4 @16 @64 @256 @1024  TCLKA TCLKB TCLKC TCLKD
0 O O O O O O O O
1 O O O O O O O
2 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 @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 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
1 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 Internal clock: counts on (/256
1 Setting prohibited

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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922 Timer Mode Register (TMDR)

Channel 0: TMDRO

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ BFB ‘ BFA ‘ MD3 ‘ MD2 ‘ MD1 ‘ MDO ‘
Initial value : 1 1 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W

Channel 1: TMDR1
Channel 2: TMDR2

Bit : 7 6 5 4 3 2 1 0
[ — ] — ] — [ wps| woz | wox| woo |

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

The TMDR registers are 8-hit readabl e/writable registers that are used to set the operating mode
for each channel. The TPU has three TMDR registers, one for each channel. The TMDR registers
areinitialized to H'CO by areset, and in hardware standby mode.

TCNT operation should be stopped when making TMDR settings.
Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB isto 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 and 2, which have no TGRD, bit 5isreserved. It isawaysread as 0 and cannot be
modified.

Bit 5

FDescription

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, and 2, which have no TGRC, bit 4 isreserved. It is awaysread as 0 and cannot be
modified.

Bit 4

rDescription

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3to 0—Modes 3to 0 (MD3 to MDO): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3*'  MD2** 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 * * * _

Legend: *: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 channel 0. In this case, 0 should always be
written to MD2.
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9.23 Timer I/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2

Bit : 7 6 5 4 3 2 1 0

‘ 10B3 ‘ I0B2 ‘ 10B1 ‘ 10B0O ‘ IOA3 ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
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

Channel 0: TIOROL

Bit : 7 6 5 4 3 2 1 0

‘ I0D3 ‘ IOD2 ‘ |0D1 ‘ I0DO ‘ I0C3 ‘ I0C2 ‘ IoC1 ‘ 10CO0 ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W RIW RIW R/W RIW R/W RIW R/IW

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 registers that control the TGR registers. The TPU has four TIOR
registers, two for channel 0 and one each for channels 1, and 2. The TIOR registers areinitialized
to H'00 by areset, and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. The initial output specified by TIOR
isvalid when the counter is stopped (the CST bit in TSTRis cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.

Rev.3.00 Mar. 26, 2007 Page 298 of 772
REJ09B0355-0300
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Bits 7to 4—1/O Control B3to BO (I0B3to 10B0)
/O Control D3to DO (I0D3to 10D0):
Bits 10B3 to 10BO specify the function of TGRB.
Bits IOD3 to 10DO specify the function of TGRD.

TIOROH
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 IOBO Description
0 0 0 0 0 TGROB  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 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  Capture input Input capture at rising edge
isinput  source is -
capture  TIOCBO pin Input capture at falling edge
1 * register Input capture at both edges
1 * * Setting prohibited
Legend: *:Don't care
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TIOROL
Bit7 Bit6 Bit5 Bit4
Channel 10D3 10D2 I0OD1 I0ODO Description

0 0 0 0 0 TGROD  Output disabled (Initial value)

1 IS OUPUt |nitial output is O O output at compare match
1 0 compare,  output 1 output at tch

register*' output at compare matc

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  Capture input Input capture at rising edge

1 i:agtzlrj(te ?’?(gré:g(i)spin Input capture at falling edge
1 * register** Input capture at both edges
1 * * Setting prohibited

Legend: *: Don't care

Note: 1. When the BFB bitin 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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TIOR1
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 IOBO Description

1 0 0 0 0 TGR1B  Output disabled (Initial value)

1 IS OUtPUt |nitial output is O O output at compare match
1 0 compare  output 1 output at tch

register output at compare matc

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  Capture input Input capture at rising edge

1 isinput  source is Input capture at falling edge
capture  TIOCBL1 pin
1 * register Input capture at both edges
1 * * Setting prohibited

Legend: *: Don't care

Rev.3.00 Mar. 26, 2007 Page 301 of 772
REJ09B0355-0300
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

TIOR2
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 I0B1 IOBO Description
2 0 0 0 0 TGR2B  Output disabled (Initial value)
1 IS OULPUL ) ytig outputis O 0 output at compare match
compare output
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 TGR2B  Capture input Input capture at rising edge
isinput  source is :
capture  TIOCB2 pin Input capture at falling edge
1 * register Input capture at both edges
Legend: *: Don't care
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Bits3to 0— 1/O Control A3to A0 (I0A3toI0AQ)
/O Control C3to CO (I0C3to 10CO0):

IOA3 to IOAO specify the function of TGRA.

IOC3 to 10CO0 specify the function of TGRC.

TIOROH
Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 IOAQ Description

0 0 0 0 0 TGROA  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
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 TGROA  Capture input Input capture at rising edge
isinput  source is
capture  TIOCAO pin

1 * register Input capture at both edges

1 * * Setting prohibited
Legend: *:Don't care

Input capture at falling edge
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TIOROL
Bit3 Bit2 Bitl BitO
Channel I0C3 10C2 IOC1 IOCO Description
0 0 0 0 0 TGROC  Output disabled (Initial value)
1 IS OULPUL ) ytig outputis 0 0 output at compare match
compare output
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 TGROC  Capture input Input capture at rising edge
isinput  source is :
capture  TIOCCO pin Input capture at falling edge
1 * register** Input capture at both edges
1 * * Setting prohibited
Legend: *:Don't care
Note: 1. When the BFA bitin 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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TIOR1
Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 IOAQ Description

1 0 0 0 0 TGR1A  Output disabled (Initial value)
1 IS OULPUL ) ytig outputis O 0 output at compare match
compare output

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  Capture input Input capture at rising edge
isinput  source is
capture  TIOCAL pin

1 * register Input capture at both edges

1 * * Setting prohibited
Legend: *:Don't care

Input capture at falling edge
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TIOR2
Bit3 Bit2 Bitl Bit0
Channel 10A3 I0A2 I0A1 IOAQ Description
2 0 0 0 0 TGR2A  Output disabled (Initial value
1 IS OULPUL ) ytig outputis O 0 output at compare match
compare output
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 TGR2A  Capture input Input capture at rising edge
isinput  source is :
capture  TIOCA2 pin Input capture at falling edge
1 * register Input capture at both edges
Legend: *: Don't care
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924 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO

Bit : 7 6 5 4 3 2 1 0

‘ TTGE ‘ — ‘ — ‘ TCIEV ‘ TGIED ‘ TGIEC ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
R/W : R/W — — R/W R/W R/W R/W R/W

Channel 1: TIER1
Channel 2: TIER2

Bit : 7 6 5 4 3 2 1 0

‘ TTGE ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEB ‘ TGIEA ‘
Initial value : 0 1 0 0 0 0 0 0
R/W : R/W — R/W R/W — — R/W R/W

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has three TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset, and in hardware standby mode.

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: Read-only bit, always read as 1.
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Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR isset to 1 in channels 1 and 2.

In channel 0 bit 5 isreserved. It isawaysread as 0 and cannot be modified.

Bit 5

WDescription

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 flag in TSR is set to 1.

Bit 4

WDescription

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 channel 0.

In channels 1, and 2, bit 3 isreserved. It is always read as 0 and cannot be modified.

Bit 3

TGTDescription

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSRis set to 1 in channel 0.

In channels 1, and 2, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGTDescription

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled
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Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disablesinterrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSRis set to 1.

Bit 1

WDescription

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

WDescription

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled

9.25 Timer Status Register (TSR)

Channel 0: TSRO

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ TCRV ‘ TGFD ‘ TGFC ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
R/W : — — — R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Can only be written with O for flag clearing.

Channel 1: TSR1
Channel 2: TSR2

Bit : 7 6 5 4 3 2 1 0

‘ TCFD ‘ — ‘ TCFU ‘ TCFV ‘ — ‘ — ‘ TGFB ‘ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
R/W : R — R/(W)*  R/(W)* — — R/(W)*  R/(W)*

Note: * Can only be written with O for flag clearing.
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The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has three
TSR registers, one for each channel. The TSR registers are initialized to H'CO by areset, and in
hardware standby mode.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1, and 2.

In channel 0 bit 7 isreserved. It isawaysread as 1 and cannot be modified.

Bit 7

WDescription

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Read-only bit, always read as 1.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1 and 2 are set to phase counting mode.

In channel 0 bit 5 isreserved. It isawaysread 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): Statusflag 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 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channel 0.

In channels 1, and 2, bit 3 isreserved. It is always read as 0 and cannot be modified.

Bit 3
TGFD Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0 with
the transfer counter not being 0
¢ 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

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channel 0.

In channels 1, and 2, bit 2 isreserved. 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 with
the transfer counter not being 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
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Statusflag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1
TGFB Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0 with
the transfer counter not being 0
¢« 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

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 with
the transfer counter not being 0
e 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
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9.2.6 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: O O O O O O O O O O O O o o o o
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode.
In other cases they function as up-counters.

The TCNT registers are 16-bit counters. The TPU hasthree TCNT counters, one for each channel.
The TCNT counters areinitialized 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-bit
unit.

9.2.7 Timer General Register (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

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/WR/W R/W R/W R/W R/W R/W R/W R/WR/W R/W

The TGR registers are 16-bit registers with adual function as output compare and input capture
registers. The TPU has 8 TGR registers, four for channel 0 and two each for channels 1, and 2.
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers*. The
TGR registers areinitialized 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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9.28 Timer Start Register (TSTR)

Bit L7 6 5 4 3 2 1 0

- — | — | — | — | — |cs2]csn|csmo|
Initial value : 0 0 0 0 0 0 0 0
RIW S — — — — RW RW  RW

TSTR isan 8-hit readable/writable register that selects operation/stoppage for channels 0 to 2.
TSTRisinitialized to H'00 by areset, and in hardware standby mode.

TCNT counter operation should be stopped when setting the operating mode in TMDR or the
TCNT count clock in TCR.

Bits 7 and 3—Reserved: Should always be written with 0.

Bits 2 to 0—Counter Start 2to 0 (CST2to CST0): These hits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=2to0

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 bhit is cleared to 0, the pin output level will be changed to the set initial output
value.
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9.29 Timer Synchro Register (TSYR)

Bit L7 6 5 4 3 2 1 0
- | — | — | — | — |sncz]svner]snco

Initial value : 0 0 0 0 0 0 0 0

RIW S — — — —  RW RW RW

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 2 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR isset to 1.

TSYRisinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 and 3—Reserved: Should always be written with 0.

Bits2to 0—Timer Synchro 2to 0 (SYNC2 to SYNCO): These hits 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** are possible.

Notes: 1. To set synchronous operation, the SYNC bhitsfor at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit, the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.

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
Note: n=2t00
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9.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP13 bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle and
atransition is made to module stop mode. For details, see section 18.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 13—M odule Stop (M STP13): Specifies the TPU module stop mode.

Bit 13
MSTP13  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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9.3 Interfaceto Bus M aster

931 16-Bit Registers

TCNT and TGR are 16-bit registers. As the 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 9.2,

Internal data bus
H

G ¢
master 1'— Bus interface < A

| TCNTH | TCNTL |

> Module
> data bus

Figure9.2 16-Bit Register Access Operation [BusMaster « TCNT (16 Bits)]

932  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. Asthe data bus to 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.

Examples of 8-bit register access operation are shown in figures 9.3 to 9.5.
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Internal data bus

Il

> Module

Bus <
master Bus interface < A > data bus
TCR
Figure 9.3 8-Bit Register Access Operation [BusMaster « TCR (Upper 8 Bits)]
Internal data bus
H
wl— K D
master L Bus interface

H

< > data bus

)

TMDR

Figure9.4 8-Bit Register Access Operation [BusMaster - TMDR (Lower 8 Bits)]

Internal data bus

Bus
master

Il

Bus interface

C o

> data bus

7N

U

TCR |

C
|

TMDR |

Figure9.5 8-Bit Register Access Operation [BusMaster -« TCR and TMDR (16 Bits)]
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9.4 Operation

94.1 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
isrewritten, the TCNT counters for the other channels are also rewritten at the sametime.
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 is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

*  When TGRisan input capture register

When input capture occurs, the value in TCNT istransfer to TGR and the value previously
held in TGR istransferred to the buffer register.

PWM Mode

In this mode, 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.
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Phase Counting Mode

In this mode, TCNT isincremented or decremented by detecting the phases of two clocks input
from the external clock input pinsin channels 1, and 2. 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.

9.4.2 Basic Functions
Counter Operation

When one of bits CSTOto CST2issetto 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 procedur e: Figure 9.6 shows an example of the count
operation setting procedure.

[1] Selectthe counter
C Operation selection > clock with bits

TPSC2 to TPSCO in
TCR. At the same
time, select the
Select counter clock [1] input clock edge
with bits CKEG1
and CKEGO in
TCR.

C Periodic counter > C Free-running counter > [2] For periodic counter

‘ operation, select
the TGR to be used
. as the TCNT
Select counter clearing source | [2] clearing source with
bits CCLR2 to
‘ CCLRO in TCR.

Select output compare register | [3] [3] Designate the TGR

selected in [2] as an
‘ output compare
register by means
Set period [4] of TIOR.

‘ [4] Set the periodic

Start count operation [5] Start count operation [5] %:%Jrrq‘f;?g(l;li?\t[hz?
<Periodic counter> <Free-running counter> [5] Setthe CST bitin

TSTR to 1 to start
the count operation.

Figure9.6 Example of Counter Operation Setting Procedure
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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 bitin TSTR
isset 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 bit in TSR is set to 1. If the value of
the corresponding TCIEV bit in TIER is 1 at this point, the TPU requests an interrupt. After
overflow, TCNT starts counting up again from H'0000.

Figure 9.7 illustrates free-running counter operation.

TCNT value

H'0000 Time

CST bit ; ;

TCFV

Figure9.7 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 selected by means of bits
CCLR2to CCLROin 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
thevaluein TGR, the TGF bitin 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.

Figure 9.8 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR

compare match
TOR  Lomo oo 4 COmpare match

H'0000 . Time
CST hit ;
Flag cleared by software or
. DTC activation
TGF

Figure 9.8 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 9.9 shows an
exampl e of the setting procedure for waveform output by compare match

) [1] Select initial value 0 output or 1 output, and
Output selection 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.

Select waveform output mode | [1]

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the
Set output timing [2 count operation.

Start count operation [3]

i

<Waveform output>

Figure9.9 Example Of Setting Procedure For Waveform Output By Compare Match
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Examples of waveform output operation: Figure 9.10 shows an example of 0 output/1 output.

In this example 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

H'0000 \ 0 \ i \ T Time
E ; ; ~Nochange . ~No change
i i N ; ™~ 1 output
TIOCA ____;______J : : P
TIOCB ,;\ No change ,E\No change 0 output
\ \y

Figure9.10 Example of 0 Output/1 Output Operation
Figure 9.11 shows an example of toggle output.

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 is toggled by both compare
match A and compare match B.

TCNT value

Counter cleared by TGRB compare match
HFFFF |« e m e e me e e ccoaaeee / .....................................................

TGRB |- === m e mm e st e e o e e e e e

TGRA

H0000 : ! i ! Time

TIOCB _,— ' i ; Toggle output

TIOCA Toggle output

Figure9.11 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 selected as the detected edge.

Example of input capture operation setting procedure: Figure 9.12 shows an example of the
input capture operation setting procedure.

( | lecti ) [1] Designate TGR as an input capture register by
nput selection 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 [1 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure9.12 Example of Input Capture Operation Setting Procedure
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Example of input capture operation: Figure 9.13 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)
01 g /s

1] > <N NN N N

H'0010 [+ e e e e o S .-
H'0005 |- e e m e e 4: _________ .-

H'0000 \\

TIOCA '

TGRA E>< H'0005 1 X H'0160 . E H'0010

TGRB >< >< H'0180

Figure9.13 Example of Input Capture Operation

9.4.3 Synchronous Operation

In synchronous operation, the valuesin anumber of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, anumber 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 2 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedure

Figure 9.14 shows an example of the synchronous operation setting procedure.

Synchronous 0peration>
selection

| Set synchronous | (1]
operation

(Synchronous presettin@

| Set TCNT | 2]

Y
<Synchronous presetting>

(Synchronous cIearing)

Clearing No

sourcegeneration
channel?

Yes

Select counter 3]
clearing source

\
| Start count | [5]

|

<Counter clearing>

Set synchronous [4]
counter clearing

Start count | [5]

|

<Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

[2] When the 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.

Figure9.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation

Figure 9.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels O 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 channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 9.4.5, PWM Modes.

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Synchronous clearing by TGROB compare match

IJ

Figure9.15 Example of Synchronous Operation
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9.4.4 Buffer Operation
Buffer operation, provided for channel 0 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 9.5 shows the register combinations used in buffer operation.

Table9.5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

When TGR isan output compareregister: 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 9.16.

Compare match signal

Timer general [\

Buffer register K
g register 7 Comparator TCNT

Figure9.16 Compare Match Buffer Operation

When TGR isan input captureregister: 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.

Thisoperation isillustrated in figure 9.17.
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Input capture
signal

Buffer register

Timer general TCNT
register

Figure9.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure

Figure 9.18 shows an example of the buffer operation setting procedure.

( Buffer operation >

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

(1]

(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.

Figure9.18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation

When TGR isan output compareregister: Figure 9.19 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 this example 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 value
in buffer register TGRC is simultaneoudly transferred to timer genera register TGRA. This
operation is repeated each time compare match A occurs.

For details of PWM modes, see section 9.4.5, PWM Modes.

TCNT value
B 5 i 2 B¢ B (070
Ho2oo—" : L
TGROAVL............ E E E E E
H'0000 R | ! Time

TGROC H'0200:

: H'0450

H'0520

Transfer !

>< i H'0450 ;X i i

TGROA E

TS
BT u REE LRl b
gy

Figure9.19 Example of Buffer Operation (1)
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When TGR isan input captureregister: Figure 9.20 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 asthe TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOF 07 | - - - < o o o oo e o e

HIOOFB |-« ww oo o oo mme e e

01T g

H'0000 Time

TIOCA

TGRA | H'0532 X H'OF07 ' H'09FB

TGRC ! H'OF07

/
>

>< H'0532

Figure9.20 Example of Buffer Operation (2)

945 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 below.
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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 bits IOA3 to IOA0 and IOC3to IOC0O in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOB0 and IOD3 to IODO0 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 4-phase PWM output 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, amaximum 7-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 9.6.

Table9.6 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 TIOCA2 TIOCA2
TGR2B TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM M ode Setting Procedure

Figure 9.21 shows an example of the PWM mode setting procedure.

[1] Select the counter clock with bits TPSC2 to
( PWM mode > TPSCO in TCR. At the same time, select the
‘ input clock edge with bits 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
2] source.

Select counter clearing source

‘ [3] Use TIOR to designate the TGR as an output
compare register, and select the initial value
Select waveform output level | [3] and output value.

‘ [4] Setthe cycle in the TGR selected in [2], and
set the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the 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>

Figure9.21 Example of PWM Mode Setting Procedure

Examples of PWM Mode Operation
Figure 9.22 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 output 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
TGORA |emmcmmcm e A -

TGRB |- et
H'0000

: : Time

TIOCA 4| \—I \—I

Figure9.22 Example of PWM Mode Operation (1)
Figure 9.23 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 0 is set for the initial output value and 1 for the output
value of the other TGR registers, 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 g

TGRIB |- mmmm e e e e e e e e e e e e e e e e e e
TGR1A
TGROD
TGROC
TGROB
TGROA
H'0000

___________________________________________________

_________________________

TIOCAQO — !

TiocBo — | ; : : ; : : ;

mocco— || b

TIOCDO ; ;

TIOCAL _‘ _i

Figure9.23 Example of PWM Mode Operation (2)
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Figure 9.24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TONT value TGRB rewritten
TGRA |- mmmmmm e e e e e e -
o
TGRB |- oovveeiieer TGRE rewritten
H'0000 L

| 0% duty

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |-----eeeen-- - .
TGRB oo TGRB rewritten
H'OOOO E ............................................ I.N. : | Tlme
: 100% duty I_I
TIOCA .
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O .................................................................................................. :
TGRA |--ccceeeoo- 4P
TGRB rewritten
TGRB | O )
TGRB rewritten
H'0000 Time

100% duty | 0% duty

Figure9.24

Example of PWM Mode Operation (3)
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9.4.6 Phase Counting M ode

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, and 2.

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
occurswhile TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR isthe count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 9.7 shows the correspondence between external clock pins and channels.

Table9.7 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedure

Figure 9.25 shows an example of the phase counting mode setting procedure.

[1] Select phase counting mode with bits MD3
Phase counting mode to MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the
Select phase counting mode | [1] count operation.
Start count [2]

1

<Phase counting mode>

Figure9.25 Example of Phase Counting Mode Setting Procedure
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Examples of Ph

ase Counting Mode 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 9.26 shows an example of phase counting mode 1 operation, and

table 9.8 summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCN]

I value

EUp-(‘:OL:Int ‘ fDov‘vn-‘courﬁt

Time

Table9.8 Up

TCLKA (Channel 1)

Figure9.26 Example of Phase Counting Mode 1 Operation

/Down-Count Conditionsin Phase Counting Mode 1

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level £ Up-count
Low level Y

4 Low level

Y High level

High level Y Down-count
Low level 4

£ High level

Y Low level

Legend:

_4 : Rising edge

“Y_: Falling edge
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Phase counting mode 2: Figure 9.27 shows an example of phase counting mode 2 operation, and
table 9.9 summarizesthe TCNT up/down-count conditions.

TCLKA (Channel 1)
TCLKC (Channel 2) |

I L

TCLKB (Channel 1)
TCLKD (Channel 2)

TCNT value i
t

Time

Figure 9.27 Example of Phase Counting Mode 2 Operation

Table9.9 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level £ Don't care
Low level Y

£ Low level

Y High level Up-count
High level Y Don't care
Low level £

ES High level

Y Low level Down-count
Legend:

_4 : Rising edge

“Y_: Falling edge
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Phase counting mode 3: Figure 9.28 shows an example of phase counting mode 3 operation, and
table 9.10 summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

Upjcount

i

Time

Figure9.28 Example of Phase Counting Mode 3 Operation

Table9.10 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level £ Don't care
Low level Y

£ Low level

Y High level Up-count
High level Y Down-count
Low level £ Don't care
£ High level

Y Low level

Legend:

_4: Rising edge

“Y_: Falling edge
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Phase counting mode 4: Figure 9.29 shows an example of phase counting mode 4 operation, and

table 9.11 summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) J

TCLKC (channel 2)

TCLKB (channel 1)

TCLKD (channel 2)
TCNT value

Time

Figure9.29 Example of Phase Counting Mode 4 Operation

Table9.11 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level £ Up-count
Low level Y

ES Low level Don't care
Y High level

High level Y Down-count
Low level £

ES High level Don't care
Y Low level

Legend:

_4 : Rising edge

“Y_: Falling edge
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9.5 Interrupts

951 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 isset 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 statusflag to O.

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 9.12 liststhe TPU interrupt sources.

Table9.12 TPU Interrupts

Interrupt DTC
Channel Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible 1
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIloV TCNTO overflow Not possible
1 TGI1A TGRI1A input capture/compare match Possible
TGI1B TGR1B input capture/compare match Possible
TCl1V TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Possible
TGI2B TGR2B input capture/compare match Possible
TCI2V TCNT2 overflow Not possible
TCI2U TCNT2 underflow 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.
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Input Capture/Compare Match Interrupt: Aninterrupt is requested 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 flag to 0. The
TPU has 8 input capture/compare match interrupts, four for channel 0, and two each for channels
1,and 2.

Overflow Interrupt: Aninterrupt is requested 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 particular channel. The
interrupt request is cleared by clearing the TCFV flag to 0. The TPU has three 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 channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrupts, one each
for channels 1, and 2.

95.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for achannel. For details, see section 7, Data Transfer Controller.

A total of 8 TPU input capture/compare match interrupts can be used as DTC activation sources,
four for channels 0, and two each for channels 1, and 2.

9.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TFGA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
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 three TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.

Rev.3.00 Mar. 26, 2007 Page 342 of 772
REJ09B0355-0300
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

9.6 Operation

9.6.1 I nput/Outpu

TCNT Count Timing

Timing

t Timing

Figure 9.30 shows TCNT count timing in internal clock operation, and figure 9.31 shows TCNT
count timing in external clock operation.

o I

Internal clock (

L

SEEEEEEEN .

D Falling edge q

D Rising edge

TCNT
input clock

N

\

TCNT

N-1 X N

X N+1

Figure9.30 Count Timingin Internal Clock Operation

External clock?}

O

TCNT
input clock

Falling edge

Rising edge (D Falling edge

N

TCNT

N-1 X N

X N+1

Figure9.31 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 9.32 shows output compare output timing.

o« LU e e
TCNT ’—‘

input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure9.32 Output Compare Output Timing
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Input Capture Signal Timing

Figure 9.33 shows input capture signal timing.

¢

Input capture
input

Input capture
signal

TCNT

TGR

IR .

X N\z< N+1><N+z§\z< [

Figure9.33 Input CaptureInput Signal Timing

RENESAS
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Timing for Counter Clearing by Compare Match/Input Capture

Figure 9.34 shows the timing when counter clearing by compare match occurrence is specified,
and figure 9.35 shows the timing when counter clearing by input capture occurrence is specified.

(N N o A o R O O

Compare

match signal

Counter

clear signal

TCNT N >< H'0000
TGR N

Figure9.34 Counter Clear Timing (Compare Match)

J L L L L
Input capture
signal

Counter clear '

signal
TCNT N : >< H'0000
TGR >< N

Figure9.35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing

Figures 9.36 and 9.37 show the timing in buffer operation.

TCNT

Compare
match signal

TGRA,
TGRB

TGRC,
TGRD

B O o A O O B A

>
—<

n+1

=]
—
P4

z

¢

Input capture
signal

TCNT

TGRA,
TGRB

TGRC,
TGRD

Figure9.37

Buffer Operation Timing (Input Capture)

RENESAS
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9.6.2 Interrupt Signal Timing
TGF Flag Setting Timing in Case of Compare Match

Figure 9.38 shows the timing for setting of the TGF flag in TSR by compare match occurrence,
and TGI interrupt request signal timing.

N R O A S e A O I A
TCNT input
clock

TCNT N X N+1
TGR N

Compare ’—‘

match signal

TGF flag

TGl interrupt

Figure9.38 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture

Figure 9.39 shows the timing for setting of the TGF flag in TSR by input capture occurrence, and
TGl interrupt request signal timing.

N N B A

Input capture
signal

TCNT N

TGR i

TGF flag

TGl interrupt |

Figure9.39 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing

Figure 9.40 shows the timing for setting of the TCFV flag in TSR by overflow occurrence, and
TCIV interrupt request signal timing.

Figure 9.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

o S UL UL
TCNT input
clock

TCNT H'FFFF X H'0000
(overflow)

Overflow

signal

TCFV flag |

TCIV interrupt |

Figure9.40 TCIV Interrupt Setting Timing

v S
TCNT
input clock

TCNT ‘ :
(underflow) H'0000 >< H'EFEE
Underflow signal ,—I
TCFU flag |

TCIU interrupt |

Figure9.41 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing

After astatusflag isread as 1 by the CPU, it is cleared by writing 0 to it. Whenthe DTC is
activated, the flag is cleared automatically. Figure 9.42 shows the timing for status flag clearing by
the CPU, and figure 9.43 shows the timing for status flag clearing by the DTC.

TSR write cycle

T1 T2
0 S L
Address >< TSR address ><

Write signal

Status flag

Interrupt
request
signal

Figure9.42 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

L i T2 . T1 T2
I I I I |

o e

Destination
Address >< Source address address ><
Status flag
Interrupt
request
signal

Figure9.43 Timing for Status Flag Clearing by DTC Activation
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9.7 Usage Notes

Note that the kinds of operation and contention described below occur during TPU operation.

M odule Stop M ode Setting

TPU operation can be disabled or enabled using the module stop control register. Theinitial
setting isfor TPU operation to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 18, Power-Down Modes.

Input Clock Restrictions

Theinput 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 9.44 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
. Overlap | ence |Overlap; ence | . Pulse width . Pulse width |
ey ) 1 ; 1 1 ﬁ——‘: |
(TCLKC) ! ! ! ; !

TCLKB

(TCLkD)_. | : : : !

Pulse width | " Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure9.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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Caution on Period Setting

When counter clearing by compare match is set, 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:

_ P
=N+

Where f: Counter frequency
¢@. Operating frequency
N: TGR set value
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 9.45 shows the timing in this case.

TCNT write cycle

T1 T2
o S
Address >< TCNT address ><

Write signal

Counter clear
signal

TCNT N X H'0000

Figure9.45 Contention between TCNT Write and Clear Operations
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Contention between TCNT Write and Increment Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 9.46 shows the timing in this case.

TCNT write cycle

T1 T2

fe———
- U UYL L L L
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N X P M

TCNT write data

Figure9.46 Contention between TCNT Write and Increment 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 prohibited. A compare match does not occur even if the same

value as before is written.

Figure 9.47 shows the timing in this case.

TGR write cycle

Tl T2 |

S .

>< TGR address ><

Address
Write signal
Compare gt ' o
match signal : . Prohibited
TCNT N X N+1
TGR N X L™
TGR write data
Figure9.47 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 9.48 shows the timing in this case.

TGR write cycle

T1 T2 |

Buffer register ><
address

Address

Write signal

Compare
match signal

Buffer register write data

Buffer -~
register

TGR X N

Figure9.48 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 isread
will be the data after input capture transfer.

Figure 9.49 shows the timing in this case.

TGR read cycle

Tl T2 |
. U UYL UL L
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus

Figure9.49 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 9.50 shows the timing in this case.

TGR write cycle

‘A,’,L,‘
0 JU Uy
Address >< TGR address ><
Write signal
Input capture
signal
TCNT M
TGR >< M

Figure9.50 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and I nput 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 9.51 shows the timing in this case.

Buffer register write cycle

Tl T2 |

S o A e B e A

Address BUf;%rd rriglsster ><
Write signal

Input capture

L

signal

TCNT PN

TGR M 5 X N
Buffer >< M
register

Figure9.51 Contention between Buffer Register Write and Input 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 9.52 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

N N A

TCNT input
clock

TCNT H'FFFF X H'0000

Counter
clear signal

TGF flag

TCFV flag '

Figure9.52 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 flagin TSR is
not set.

Figure 9.53 shows the operation timing in the case of contention between a TCNT write and
overflow.

TCNT write cycle

Tt T2
N U O R O A
Address >< TCNT address ><
Write signal |
/ TCNT write data
TCNT H'FFFF >< M
TCFV flag Prohibited — ,i ___________________

Figure9.53 Contention between TCNT Write and Overflow

Multiplexing of I/O Pins

In the H8S/2245 Group, the TCLKA input pin is multiplexed with the TIOCCO 1/O pin, the
TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the TIOCBL1 I/O pin, and
the TCLKD input pin with the TIOCB2 I/O pin. When an external clock isinput, 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 DTC activation source. Interrupts should therefore be disabled
before entering module stop mode.
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Section 10 8-Bit Timers

Section 10 8-Bit Timers

10.1 Overview

The H85/2245 Group includes an 8-bit timer module with two channels (TMRO and TMR1). 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 a variety of functions, including pulse output with an arbitrary duty
cycle.

10.1.1 Features

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, @/64, or ¢/8192) or an
external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
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

The timer 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.

e Provision for cascading of two channels

0 Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare matches (compare match count mode).
» Three independent interrupts

Compare match A and B and overflow interrupts can be requested independently.
¢ Module stop mode can be set

O Astheinitial setting, 8-bit timer operation is halted. Register accessis enabled by exiting
module stop mode.
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10.1.2  Block Diagram

Figure 10.1 shows a block diagram of the 8-bit timer module.

External clock source

Internal clock sources

TMCIO /8
TMCHH /64
$/8192
Clock 1
Clock select Clock 0
[
TCORAO TCORA1 |
Compare match A1, K) K)
Compare match A0| Comparator AQ Comparator A1
TMOQ ~—| Overflow 1 : (ﬁ (ﬁ e
TMRIO = ~" Overflow 0 | TonTO | TONTH
Clear 0
/ Clear 1 / ‘ ‘
Compare match B1 |
Compare match BO | Comparator BO Ii' Comparator B1 |
TMO1 = Control logic 1
TMRI1 —] (ﬁ (ﬁ
| Tcomeo [ TcomRBt [ >
> TCsRo | TCsR1 K>
TCRO || ToR1 KT >
L» CMIAO
— CMIBO
——QVI0
——— > CMIA1
———— CMIB1
> 0Vi
Interrupt signals
Legend:
TCORA_0: Time constant register A_0 TCORA_1: Time constant register A_1
TCORB_0: Time constant register B_0 TCORB_1: Time constant register B_1
TCNT_0O:  Timer counter_0 TCNT_1:  Timer counter_1
TCSR_0: Timer control/status register_0 TCSR_1: Timer control/status register_1
TCR_O: Timer control register_0 TCR_1: Timer control register_1

Internal bus

Figure 10.1 Block Diagram of 8-Bit Timer
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10.1.3  Pin Configuration
Table 10.1 summarizes the input and output pins of the 8-bit timer.

Table 10.1 Input and Output Pins of 8-Bit Timer

Channel Name Symbol I/0 Function

0 Timer output pin 0 TMOO0 Output Outputs at compare match
Timer clock input pin 0 TMCIO Input Inputs external clock for counter
Timer reset input pin 0 TMRIO Input Inputs external reset to counter

1 Timer output pin 1 TMO1 Output Outputs at compare match
Timer clock input pin 1 TMCI1 Input Inputs external clock for counter
Timer reset input pin 1 TMRI1 Input Inputs external reset to counter

10.1.4 Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table 10.2 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial Value  Address**
0 Timer control register 0 TCRO R/W H'00 H'FFBO
Timer control/status register 0 TCSRO R/(W)**  H00 H'FFB2
Time constant register AO TCORAO R/W H'FF H'FFB4
Time constant register BO TCORBO R/W H'FF H'FFB6
Timer counter O TCNTO R/W H'00 H'FFB8
1 Timer control register 1 TCR1 R/W H'00 H'FFB1
Timer control/status register 1 TCSR1 R/(W)** H'10 H'FFB3
Time constant register Al TCORA1 R/W H'FF H'FFB5
Time constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written to bits 7 to 5, to clear these flags.
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Each pair of registersfor channel 0 and channel 1 isa 16-hit register with the upper 8 bits for
channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word transfer
instruction.

10.2 Register Descriptions

10.21 Timer CountersOand 1 (TCNTO, TCNT1)

TCNTO TCNT1

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 . RMW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW RIW RIW R/W

TCNTO and TCNT1 are 8-hit readable/writable up-counters that increment on pul ses 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 and TCNT1 at all times.

TCNTO and TCNT1 comprise asingle 16-bit register, so they can be accessed together by word
transfer instruction.

TCNTO and TCNT1 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 isset to 1.

TCNTO and TCNT1 are each initialized to H'00 by areset and in hardware standby mode.
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10.2.2 Time Constant Registers AO and A1 (TCORAO, TCORA1)

TCORAO TCORA1

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/IW R/W R/IW R/IW R/IW R/W R/IW R/IW

TCORAO and TCORAL1 are 8-hit readable/writable registers. TCORAQ and TCORA1 comprise a
single 16-bit register so they can be accessed together by word transfer instruction.

TCORA iscontinually compared with the value in TCNT. When amatch is detected, the
corresponding CMFA flag of TCSR is set. Note, however, that comparison is disabled during the
T2 state of a TCORA write cycle.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits OS1 and OS0 of TCSR.

TCORAO and TCORAL1 are each initialized to H'FF by areset and in hardware standby mode.

10.2.3 Time Constant RegistersB0 and B1 (TCORBO, TCORB1)

TCORBO TCORB1

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/IW R/W R/W R/W R/W RIW RIW R/IW R/W R/W R/W

TCORBO and TCORBL are 8-bit readabl e/writable registers. TCORBO and TCORB1 comprise a
single 16-bit 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 is set. Note, however, that comparison is disabled during the
T2 state of a TCORB 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 TCORBL are each initialized to H'FF by areset and in hardware standby mode.
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10.24 Time Control RegistersOand 1 (TCRO, TCR1)

Bit : 7 6 5 4 3 2 1 0

‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ 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

TCRO and TCR1 are 8-hit readable/writable registers that select the clock source and the time at
which TCNT is cleared, and enable interrupts.

TCRO and TCR1 are each initialized to H'00 by areset and in hardware standby mode.
For details of thistiming, see section 10.3, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
requests (CMIB) are enabled or disabled when the CMFB flag of TCSR is set to 1.

Bit 7

WDescription

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

WDescription

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 OVF interrupt requests
(OV1) are enabled or disabled when the OVF flag of TCSRisset to 1.

Bit 5

WDescription

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled
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Bits4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLRO0): These hits 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

Bits 2 to 0—Clock Select 2to 0 (CKS2to CKS0): These bits select whether the clock input to
TCNT isaninterna or external clock.

Three internal clocks can be selected, al divided from the system clock (¢): @/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 channel 1.

Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 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*
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 O is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this
setting.
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10.25 Timer Control/Status RegistersOand 1 (TCSRO, TCSR1)

TCSRO
Bit : 7 6 5 4 3 2 1 0

‘ CMFB ‘ CMFA‘ OVF ‘ ADTE ‘ 0S3 ‘ 0S2 ‘ 0OSs1 ‘ 0Sso ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/(W)*  R/I(W)* R/I(W)* R/W R/W R/W R/W R/W
TCSR1
Bit : 7 6 5 4 3 2 1 0

‘ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0S3 ‘ 0Ss2 ‘ OSs1 ‘ 0so ‘
Initial value : 0 0 0 1 0 0 0 0
R/W : R/(W)*  R/(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 and TCSR1 are 8-hit registers that display compare match and overflow statuses, and
control compare match output.

TCSRO isinitialized to H'00, and TCSR1 to H'10, by areset and in hardware standby mode.

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)
¢ Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
«  When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is 0 with
the transfer counter not being 0
1 [Setting condition]

Set when TCNT matches TCORB
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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 with
the transfer counter not being 0

[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 0 to OVF

[Setting condition]
Set when TCNT overflows from H'FF to H'00

Bit 4—A/D Trigger Enable (ADTE) (TCSRO0 Only): Selects enabling or disabling of A/D
converter start requests by compare-match A.

In TCSRY, this bit isreserved: it is always read as 1 and cannot be modified.

Bit 4
ADTE Description
0 A/D converter start requests by compare match A are disabled (Initial value)

A/D converter start requests by compare match A are enabled
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Bits 3to 0—Output Select 310 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 OS0O
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 OS3 to OS0 are all 0.

After areset, the timer output is O until the first compare match event occurs.

Bit 3 Bit 2

0s3 0Ss2 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 0

0s1 0so 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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10.26  Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/IW R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

When the MSTP12 hit in MSTPCR is set to 1, the 8-bit timer 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 18.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 12—Module Stop (M STP12): Specifiesthe 8-hit timer stop mode.

Bit 12

WDescription

0 8-bit timer module stop mode cleared

1 8-bit timer module stop mode set (Initial value)
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10.3  Operation

10.3.1 TCNT Incrementation Timing

TCNT isincremented by input clock pulses (either internal or external).

Internal Clock

Three different internal clock signals ((/8, ¢/64, or ¢/8192) divided from the system clock (¢) can
be selected, by setting bits CKS2 to CKS0 in TCR. Figure 10.2 shows the count timing.

Internal clock —|

Clock input
to TCNT ()3

TCNT N-1 X

(
; X N+1

Figure10.2 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 10.3 shows the timing of incrementation at both edges of an external clock signal.
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—

External clock =™
input {

Clock input

to TCNT ( S
{ 4

TCNT N-1 X . N X o N
)) )

Figure10.3 Count Timing for External Clock Input

10.3.2 CompareMatch Timing

Setting of Compare Match Flags A 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 10.4 shows this timing.

¢ B [ O B

TCNT N X N+1

TCOR N
Compare match
signal

\

CMF |

Figure10.4 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, change to 1, or
toggle.

Figure 10.5 shows the timing when the output is set to toggle at compare match A.

v 1 e e Y o I o 0
Compare match A4|—|
signal \

\
—

Timer output pin |

Figure10.5 Timing of Timer Output

Timing of Compare Match Clear

The timer counter is cleared when compare match A or B occurs, depending on the setting of the
CCLR1 and CCLRO bitsin TCR. Figure 10.6 shows the timing of this operation.

@ T O B
Compare match
signal

\

TCNT N X H00

Figure10.6 Timing of Compare Match Clear
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10.3.3 Timing of 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 10.7
shows the timing of this operation.

¢ B A B

External reset
input pin |

Clear signal

TCNT N-1 X N X H'00

Figure10.7 Timing of External Reset

10.34 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
10.8 shows the timing of this operation.

¢ S

TCNT HFFE X H00

Overflow signal

\

OVF

Figure 10.8 Timing of OVF Setting
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10.3.5 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-bit channel 0 could be counted by the timer of channel 1
(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 a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

e Setting of compare match flags
O TheCMFflagin TCSROis set to 1 when a 16-bit compare match event occurs.
0 TheCMFflagin TCSR1 isset to 1 when alower 8-bit compare match event occurs.

» Counter clear specification

O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare match
event occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
clear by the TMRIO pin has also been set.

O The settings of the CCLR1 and CCLRO bitsin TCR1 areignored. The lower 8 bits cannot
be cleared independently.

* Pin output
O Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO isin accordance with
the 16-bit compare match conditions.

O Control of output from the TMOL pin by bits OS3 to OS0 in TCSR1 isin accordance with
the lower 8-bit compare match conditions.

Compare Match Counter Mode
When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts compare match A's for channel 0.

Channels 1 and 0 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.
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Note on Usage

If the 16-bit counter mode and compare match counter mode are set simultaneously, the input
clock pulsesfor TCNTO and TCNTL1 are not generated and thus the counters will stop operating.
Software should therefore avoid using both these modes.

104  Interrupt Sources

10.4.1 Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown in table 10.3. 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. It is also possible to activate the DTC by means of CMIA and CMIB interrupts.

Table 10.3 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAOQ Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
oVvIo Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovii 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.

10.4.2 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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10.5 Sample Application

In the example below, the 8-hit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 10.9. The control bits are set as follows:

[1] InTCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCSR, bits 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 arate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

T™MO

Figure10.9 Example of Pulse Output
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10.6  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer.

10.6.1  Setting Module Stop Mode

The TMR isenabled or disabled by setting the module stop control register. In theinitial state, the
TMR isdisabled. After the module stop mode is canceled, registers can be accessed. For details,
see section 18, Power-Down Modes.

10.6.2 Contention between TCNT Writeand Clear

If atimer counter clock pulseis generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the writeis not performed.

Figure 10.10 shows this operation.

TCNT write cycle by CPU
T1 T2

T
0 B s N S

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure10.10 Contention between TCNT Write and Clear
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10.6.3 Contention between TCNT Write and Increment

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 10.11 shows this operation.

TCNT write cycle by CPU
T1 T2

R
; B S S

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P M

Counter write data

Figure10.11 Contention between TCNT Write and Increment
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10.6.4 Contention between TCOR Write and Compare Match

During the T2 state of a TCOR write cycle, the TCOR write has priority even if acompare match
event occurs.

Figure 10.12 shows this operation.

TCOR write cycle by CPU
T1 T2

R
0 B s S

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M
.4

TCOR write data

Compare match signal . :\

Prohibited

Figure10.12 Contention between TCOR Write and Compare Match
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10.6.5 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 10.4.

Table 10.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

10.6.6  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 10.5 showsthe
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK SO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseis detected. If clock switching causes a change from high to low level, as shownincase 3in
table 10.5, aTCNT clock pulseis 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 10.5 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 1
low to low** switchover J I__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_I | : | |
Clock after :
switchover ‘
TCNT clock
TCNT NoOX O N+ X Ne2 X
CKS bit write
3 Switching from

high to low*®

Clock before
switchover

Clock after
switchover

TCNT clock

TCNT

CKS bit write
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Timing of Switchover
by Means of CKS1

No. and CKSO0 Bits TCNT Clock Operation
4 Switching from Clock before !
high to high switchover J I_I | :
Clock after
switchover
TCNT clock

TCNT N X w1 X w2 X

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.

10.6.7 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 DTC activation source. Interrupts should therefore be disabled
before entering module stop mode.
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Section 11 Watchdog Timer

111  Overview

The H85/2245 Group has a single-channel on-chip watchdog timer (WDT) for monitoring system
operation. 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/2245 Group.

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.

11.1.1 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 or not
the entire H8S/2245 Group isreset at the sametime. Thisinternal reset can be a power-on reset
or amanual reset.

 Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.
¢ Choice of eight counter clock sources.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the WDT.

(interrupt request

Interrupt
control

Overflow

signal)

Reset
control

A

Clock

Clock
select

/32768

Internal clock
sources

| RSTCSR |<JT TCNT |<»|

Legend:
TCSR

TCNT : Timer counter

RSTCSR: Reset control/status register

Note:

O Bus

Module bus

e @131072 !

interface

. Timer control/status register

reset can be selected.

Internal bus

* The type of internal reset signal depends on a register setting. Either power-on reset or manual

Figure11.1 Block Diagram of WDT
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11.1.3  Pin Configuration
Table 11.1 describes the WDT output pin.

Table11.1 WDT Pin

Name Symbol I/0 Function

Watchdog timer overflow WDTOVF  Output  Outputs counter overflow signal in watchdog
timer mode

11.1.4 Register Configuration

The WDT hasthree registers, as summarized in table 11.2. These registers control clock selection,
WDT mode switching, and the reset signal.

Table11.2 WDT Registers

Address**
Name Abbreviation R/W Initial Value Write**  Read
Timer control/status register TCSR RI(W)** H'18 H'FFBC HFFBC
Timer counter TCNT R/W H'00 HFFBC H'FFBD
Reset control/status register RSTCSR RI(W)*° H'1F H'FFBE HFFBF

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 11.2.4, Notes on Register Access.
3. Only a write of 0 is permitted to bit 7, to clear the flag.
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11.2  Register Descriptions

11.21 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-hit readable/writable* up-counter.

When the TME bitisset to 1in TCSR, TCNT starts counting pulses 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
(WOVI) 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. Itisnot initialized in software standby mode.

Note: * TCNT iswrite-protected by a password to prevent accidental overwriting. For details
see section 11.2.4, Notes on Register Access.

11.2.2 Timer Control/Status Register (TCSR)

Bit : 7 6 5 4 3 2 1

‘ OVF ‘ WT/W‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value : 0 0 0 1 1 0 0 0
R/W D RI(W)* R/W R/W — — RIW R/W R/W

Note: * Can only be written with O for flag clearing.

TCSR isan 8-bit readable/writable* register. Its functionsinclude selecting the clock sourceto be
input to TCNT, and the timer mode.

TCRisinitialized to H'18 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 11.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): Indicatesthat TCNT has overflowed from H'FF to H'00, when in
interval timer mode. This flag cannot be set during watchdog timer operation.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF* (Initial value)
1 [Setting condition]

Set when TCNT overflows (changes from H'FF to H'00) in interval timer mode

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as awatchdog timer, the WDT generates the WDTOVF
signal when TCNT overflows.

Bit 6
WTAT Description
0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI)
when TCNT overflows (Initial value)
1 Watchdog timer: Generates the WDTOVF signal when TCNT overflows*

Note: * For details of the case where TCNT overflows in watchdog timer mode, see section
11.2.3, Reset Control/Status Register (RSTCSR).

Bit 5—Timer Enable (TME): Selectswhether TCNT runs or is halted.

Bit 5

FDescription

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

Bits 4 and 3—Reserved: Read-only hits, always read as 1.
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Bits2t0 0: Clock Select 2 to 0 (CKS2 to CKS0): These hits select one of eight internal clock
sources, obtained by dividing the system clock (¢), for input to TCNT.

Bit 2 Bit 1 Bit 0 Description

CKS2 CKs1 CKSO Clock Overflow period (when @= 20 MHz)*
0 0 0 @2 (initial value)  25.6 ps
1 @64 819.2 us
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2 ms
1 8192 104.9 ms
1 0 @32768 419.4 ms
1 @131072 1.68s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.

11.2.3 Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0

‘wove | mste |Rsts | — | — | — | — | —
Initial value: 0 0 0 1 1 1 1 1
R/W o RI(W)* R/W R/W — — — — —

Note: * Can only be written with O for flag clearing.

RSTCSR isan 8-hit 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 11.2.4, Notes on Register Access.
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Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicatesthat TCNT has overflowed
(changed from H'FF to H'00) during watchdog timer operation. This bit isnot 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 (changes 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
H8S5/2245 Group if TCNT overflows during watchdog timer operation.

Bit 6

WDescription

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/2245 Group are not reset, but TCNT and TCSR within the
WDT are reset.

Bit 5—Reset Select (RSTS): Selectsthe type of internal reset generated if TCNT overflows
during watchdog timer operation.

For details of the types of resets, see section 4, Exception Handling.

Bit 5

RSTS Description

0 Power-on reset (Initial value)
1 Manual reset

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.
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11.24 Noteson Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write to. 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
byte instructions.

Figure 11.2 shows the format of datawritten to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awrite to 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 byte to TCNT or TCSR (see figure 11.2).

TCNT write
15 8 7 0
Address: HFFBC | H'SA | Write data
TCSR write
15 8 7 0
Address: HFFBC H'AS Write data

Figure11.2 Format of Data Written to TCNT and TCSR
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Writingto RSTCSR

RSTCSR must be written to by word transfer instruction to address H'FFBE. It cannot be written
to with byte instructions.

Figure 11.3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE and RSTS hits.

To write 0 to the WOVF flag, the write data must have H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF hit to 0, but has no effect on the RSTE and RSTS bits. To write
to the RSTE and RSTS hits, 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 bits,
but has no effect on the WOVF flag.

Writing 0 to WOVF bit

15 8 7 0
Address: HFFBE H'AS H00
Writing to RSTE and RSTS bits
15 87 0
Address: H'FFBE H'5A Write data

Figure11.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR

These registers are read in the same way as other registers. The read addresses are H'FFBC for
TCSR, H'FFBD for TCNT, and H'FFBF for RSTCSR.
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11.3  Operation

11.31 Watchdog Timer Operation

To use the WDT as awatchdog timer, set the WT/IT and TME bits to 1. Software must prevent
TCNT overflows by rewriting the TCNT value (normally be writing H'00) before overflows
occurs. Thisensuresthat TCNT does not overflow while the system is operating normally. If
TCNT overflows without being rewritten because of a system crash or other error, the WDTOVF
signal isoutput. Thisisshown in figure 11.4. This WDTOVF signal can be used to reset the
system. The WDTOVF signal is output for 132 states when RSTE = 1, and for 130 states when
RSTE =0.

If TCNT overflowswhen 1is set in the RSTE hit in RSTCSR, asignal that resets the H8S/2245
Group internally is generated at the same time asthe WDTOVF signal. Thisreset can be selected
as a power-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 flag in RSTCSR is cleared to 0.
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TCNT count

WDT overflow

L e A
A
A
A
)/ H H

WTAT=1 HOO written WOVF=1 : WT/IT=1 HO00 written

TME=1 to TCNT WDTOVF and I TME=1 toTCNT

internal reset are
generated { | ‘
WDTOVF signal !
- :

Internal reset signal™*

132 states™2

Legend:

WT/T : Timer mode select bit
TME : Timer enable bit

WOVF : Watchdog timer overflow

518 states

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

Figure11.4 Watchdog Timer Operation
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11.3.2 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 11.5. This function can be used to
generate interrupt requests at regular intervals.

TCNT count

A
HEE Overflow Overflow Overflow Overflow

» Time

1 ¢ ¢ ; ;

0 WOVI WOVI WOVI WOVI

Legend:
WOVI: Interval timer interrupt request generation

Figure11.5 Interval Timer Operation
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11.3.3 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 11.6.

o T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal)

NECN
Z—

-
.

OVF ( |
))

Figure11.6 Timing of Setting of OVF
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11.3.4  Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

The WOVFflagissetto 1if TCNT overflows during watchdog timer operation. At the same time,
the WDTOVF signal goeslow. If TCNT overflows while the RSTE bitin RSTCSRisset to 1, an
internal reset signal is generated for the entire H8S5/2245 Group chip. Figure 11.7 shows the timing
in this case.

q, L L L L L L L

TCNT \g H'FF >< H'00 “\ !
Overflow signal
(internal signal) (( ()S ‘
WOVF | ()S

NS NN TN
Z—~ T~

WDTOVF signal

|<7 132 states 48:,7

(
Internal reset )
. R EEE—
signal |<— 518 states

((
))

| .

\_,

Figure11.7 Timing of Setting of WOVF

11.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOV1).
Theinterval timer interrupt is requested whenever the OVF flagisset to 1in TCSR. OVF must be
cleared to O in the interrupt handling routine.
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115  Usage Notes

1151 Contention between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 11.8 shows this operation.

TCNT write cycle

Address ><

Internal write signal

TCNT input clock
pulse

TCNT N >< oM

Counter write data

Figure11.8 Contention between TCNT Write and Increment

11.5.2 Changing Value of CKS2to CKS0

If bits 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 CKS2 to CKS0.
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1153  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 Q) before switching the mode.

1154  System Reset by WDTOVF Signal

If the WDTOVF output signal isinput to the RES pin of the H85/2245 Group, the H85/2245
Group will not beinitialized 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
infigure 11.9.

H8S/2245

Reset input 9 RES

Reset signal to entire system 4—0@7—c WOTOVE

Figure11.9 Circuit for System Reset by WDTOVF Signal (Example)

1155 Internal Reset in Watchdog Timer Mode

The H85/2245 Group is not reset internally if TCNT overflows while the RSTE bit is cleared to O
during watchdog timer operation, but TCNT and TSCR of the WDT are reset.

TCNT, TCSR, and RSTCR 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 WOV F flag, therefore,
read TCSR after the WDTOVF signal goes high, then write O to the WOVF flag.

1156 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 hit may not clear the flag even though the OVF hit 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 whileitis 1 at least twice before
writing O to the OVF bit to clear the flag.
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121

Section 12 Serial Communication Interface (SCI)

Overview

The H85/2245 Group is equipped with a 3-channel serial communication interface (SCI). All three
channels have the same functions. The SCI can handle both asynchronous and clocked
synchronous serial communication. A function is also provided for serial communication between
processors (multiprocessor communication function).

1211

Features

SCI features are listed below.

Choice of asynchronous or clocked synchronous serial communication mode
Asynchronous mode

O

O
O

Serial 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 as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 seria datatransfer formats

Data length: 7 or 8 hits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Multiprocessor hit: lor0

Receive error detection: Parity, overrun, and framing errors

Break detection: Break can be detected by reading the RxD pin level directly

in case of aframing error

Clocked Synchronous mode

O

Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

One seria data transfer format
Data length: 8 hits
Receive error detection: Overrun errors detected
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* Full-duplex communication capability
0 Thetransmitter 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

*  On-chip baud rate generator allows any bit rate to be selected
e Choice of LSB-first or MSB-first transfer (8 bits length)
0 Can be selected regardless of the communication mode*

Note: * Descriptionsin this section refer to LSB-first transfer.

» Choice of serial 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 data transfer
controller (DTC) to execute data transfer

e Module stop mode can be set

O Astheinitial setting, SCI 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 SCI.

[©]

Q

8

Module data bus 2 Jg:grgﬁls

:

>

y g
| roR | | TOR | SCMR | BRR —

(14 U SSR L

Baud rate
RO— | rRsR | [ | Tsr SCR -~ @4
generator
SMR e @16
Transmission/ - @64
reception control
TXD =
Parity generation L t Clock L
Parity check
External clock
SCK~=

= TEI

= TXI

Legend: ‘?R(:

SCMR : Smart Card mode register
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
BRR : Bit rate register

Figure12.1 Block Diagram of SCI
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12.1.3 Pin Configuration
Table 12.1 shows the serial pinsfor each SCI channel.

Table12.1 SCI Pins

Channel Pin Name Symbol 110 Function

0 Serial clock pin O SCKO 1/0 SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive data pin 2 RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Output SCI2 transmit data output

Rev.3.00 Mar. 26, 2007 Page 406 of 772
REJ09B0355-0300
RENESAS



Section 12 Serial Communication Interface (SCI)

12.1.4 Register Configuration

The SCI hasthe internal registers shown in table 12.2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format, and the bit rate, and to control
transmitter/receiver.

Table12.2 SCI Registers

Channel Name Abbreviation R/W Initial Value  Address*!
0 Serial mode register 0 SMR 0 R/W H'00 H'FF78
Bit rate register O BRR O R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register O TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*? H'84 H'FF7C
Receive data register 0 RDR O R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E
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
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 RI(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
All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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12.2  Register Descriptions

12.21 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

RSR isaregister used to receive serid data

The SCI sets seria 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, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

12.2.2 Receive Data Register (RDR)

Bit : ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
Initial value : 0 0 0 0 0 0 0 0
R/W

RDRisaregister that storesreceived 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, and in standby mode or module stop mode.
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12.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

TSR isaregister used to transmit seria data.

To perform serial data transmission, the SCI first transfers transmit datafrom 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 not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

12.24  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 seria transmission.

When the SCI detectsthat 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, and in standby mode or module stop mode.
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1225 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0

| C/A | CHR | PE | O/E | STOP | MP | CKs1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W RIW RIW R/W R/W R/W R/W RIW

SMRis an 8-hit 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 standby mode or module stop mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/K—Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits 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

WDescription

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 additionis
performed in transmission, and parity bit checking in reception. In clocked synchronous mode,
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 bitis 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, and
when parity addition and checking is disabled in asynchronous mode.

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.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hits 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 thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis1, itistreated asastop bit; if it is O, it istreated as the start bit of the next transmit
character.

Bit 2—M ultiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit 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 12.3.3, 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 @, ¢/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 12.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKs1 CKSso Description

0 0 @clock (Initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock

12.26 Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ 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

SCR isaregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can beread or written to by the CPU at al times.
SCRisinitialized to H'00 by areset, and in standby mode or module stop mode.

Bit 7—Transmit Interrupt Enable (TI1E): Enables or disables transmit data empty interrupt
(TXI) request generation when serial 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: * TXIl interrupt request cancellation can be performed by reading 1 from the TDRE flag,
then clearing it to 0, or clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive datafull 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 0, or clearing the
RIE bit to 0.

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 serial 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 SMRisset 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 there is no valid transmit datain TDR in MSB data transmission.

Bit 2

FDescription

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 O, or clearing the TEIE bit to O.

Rev.3.00 Mar. 26, 2007 Page 415 of 772
REJ09B0355-0300
RENESAS



Section 12 Serial Communication Interface (SCI)

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEQ): These hits 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 bits.

For details of clock source selection, see table 12.9.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/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.

Rev.3.00 Mar. 26, 2007 Page 416 of 772
REJ09B0355-0300
RENESAS



Section 12 Serial Communication Interface (SCI)

12.2.7  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)* R/(W)* R R R/W

Note: * Only 0 can be written, to clear the flag.
SSRis 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, and in standby mode or module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDRto 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 DTC* is activated by a TXI interrupt and write data to TDR
1 [Setting conditions] (Initial value)
¢ When the TE bitin SCRis 0
¢ When data is transferred from TDR to TSR and data can be written to TDR
Note: * DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received datais stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)

¢ When 0 is written to RDRF after reading RDRF = 1
e When the DTC* is activated by an RXI interrupt and read 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 bit 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.

*  DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.

Bit 5—Overrun Error (ORER): Indicatesthat 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 aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written to FER after reading FER = 1

1 [Setting condition]
When the SCI checks 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 0.

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): Indicates that 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 bitin SCR is

cleared to 0.

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
e When the DTC* is activated by a TXI interrupt and write data to TDR

1 [Setting conditions] (Initial value)
*  When the TE bitin SCR is 0

* When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character

Note: * DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.

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 bit, 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.
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Bit 0—Multiprocessor 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 isinvalid in clocked synchronous mode, when multiprocessor format is not
used, and when the operation is not transmission.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

12.28 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

BRR isan 8-bit register that setsthe 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 or module stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12.3 shows sample BRR settings in asynchronous mode, and table 12.4 shows sample BRR
settings in clocked synchronous mode.
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Table12.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

@ (MH2)
2 2.097152 2.4576 3

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 1 127 000 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 0.00 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 016 O 26 1.14 O 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 — — —

®(MH2)

3.6864 4 4.9152 5

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 1 191 000 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 0.00 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 0.16 O 31 0.00 O 32 -1.36
9600 0 11 0.00 O 12 016 O 15 0.00 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 O 4 0.00
38400 0 2 0.00 — — — 0 3 0.00 O 3 1.73
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@ (MHz)
6 6.144 7.3728 8
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 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 016 O 159 0.00 O 191 0.00 O 207 0.16
2400 0 77 016 O 79 0.00 O 95 0.00 O 103 0.16
4800 0 38 016 O 39 000 O 47 0.00 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -234 0 9 0.00 O 11 0.00 O 12 0.16
31250 0 5 0.00 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 — — —
@ (MH2)
9.8304 10 12 12.288
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 0.00 2 129 0.16 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 0.00 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 0.00 O 64 016 O 77 016 O 79 0.00
9600 0 31 0.00 O 32 -1.36 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -2.34 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 173 0 9 -234 0 9 0.00
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@ (MHz)
14 14.7456 16 17.2032
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 70 003 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 0.16 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 O 15 0.00 O 16 1.20
38400 — — — 0 11 0.00 O 12 016 O 13 0.00
@ (MH2)
18 19.6608 20

Bit Rate Error Error Error

(bit/s) n N (%) n N (%) n N (%)

110 3 79 -0.12 3 86 031 3 88 -0.25

150 2 233 0.16 2 255 0.00 3 64 0.16

300 2 116 0.16 2 127 0.00 2 129 0.16

600 1 233 016 1 255 0.00 2 64 0.16

1200 1 116 016 1 127 0.00 1 129 0.16

2400 0 233 016 O 255 0.00 1 64 0.16

4800 0 116 016 O 127 0.00 O 129 0.16

9600 0 58 -0.69 0 63 0.00 O 64 0.16

19200 0 28 1.02 O 31 0.00 O 32 -1.36

31250 0 17 0.00 O 19 -1.70 0 19 0.00

38400 0 14 -2.34 0 15 0.00 O 15 1.73

Legend:

—: Can be set, but there will be a degree of error.

Note: As far as possible, the setting should be made so that the error is no more than 1%.
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Table12.4 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

®(MH2)
Bit Rate 2 4 8 10 16 20
(bit/s) 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 — —
1k 1 124 1 249 2 124 — — 2 249 — —
25k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10 k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50 k 0 9 0 19 0 39 0 49 0 79 0 99
100 k 0 4 0 9 0 19 0 24 0 39 0 49
250 k 0 1 0 3 0 7 0 9 0 15 0 19
500 k 0 0* 0 1 0 3 0 4 0 7 0 9
1M 0 o* 0 1 — — 0 3 0 4
25M — — 0 0* — — 0 1
5M — — 0 o*
Legend:

Blank: Cannot be set.
— Can be set, but there will be a degree of error.
*: Continuous transmission/reception is not possible.

Note: As far as possible, the setting should be made so that the error is no more than 1%.
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The BRR setting is found from the following formulas.

Asynchronous mode:

N= 2 x10-1
64x27"xB

Clocked synchronous mode:

_ ¢ o
N= iy 10-1

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 @4 0 1

2 @16 1 0

3 @64 1 1

The bit rate error in asynchronous mode is found from the following formula:

@x10°

Error (%) = { (N+1) B x 64x 2"

—1} x 100

Rev.3.00 Mar. 26, 2007 Page 426 of 772
REJ09B0355-0300
RENESAS



Section

12 Serial Communication Interface (SCI)

Table 12.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 12.6
and 12.7 show the maximum bit rates with external clock input.

Table 125 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

¢ (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

RENESAS
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Table12.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (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
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Table12.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

¢ (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

RENESAS
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1229 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0
- = =] — |sor|snw | — | swF

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. With an 8-bit length, L SB-first or
M SB-first transfer can be selected regardless of the serial communication mode. The descriptions
in this chapter refer to LSB-first transfer.

For details of the other bitsin SCMR, see 13.2.1, Smart Card Mode Register (SCMR).
SCMRisinitialized to H'F2 by areset, and in standby mode or module stop mode.
Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

The transfer format is valid for 8-bit data.

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): When the smart card interface operates as a normal
SCl, 0 should be written in this bit.

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface M ode Select (SM1F): When the smart card interface operatesas a
normal SCI, 0 should be written in this bit.
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12.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the corresponding bit of bits MSTP7 to MSTP5 is set to 1, SCI operation stops at the end of
the bus cycle and a transition is made to module stop mode. For details, see section 18.5, Module
Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Module Stop (M STP7): Specifies the SCI channel 2 module stop mode.

Bit 7

WDescription

0 SCI channel 2 module stop mode cleared

1 SCI channel 2 module stop mode set (Initial value)

Bit 6—Module Stop (M STP6): Specifiesthe SCI channel 1 module stop mode.

Bit 6

WDescription

0 SCI channel 1 module stop mode cleared

1 SCI channel 1 module stop mode set (Initial value)

Bit 5—Module Stop (M STP5): Specifies the SCI channel 0 module stop mode.

Bit 5

WDescription

0 SCI channel 0 module stop mode cleared

1 SCI channel 0 module stop mode set (Initial value)
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123  Operation

12.3.1 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 12.8. The SCI clock is determined by a combination of the C/A bit
in SMR and the CKE1 and CKEOQ bitsin SCR, as shown in table 12.9.

Asynchronous mode:

» Datalength: Choice of 7 or 8 hits

» 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
O When internal 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

O When externa 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 external clock as SCI clock source
O When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
0 When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clock
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Table12.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Bit7 Bit6 Bit2 Bit5 Bit3 Multi-
— Data processor Parity  Stop Bit
C/IA 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
— 1 mode 2 bits

——  (multiprocessor _— _—

1 — 0 format) 7-bit data 1 bit
— 1 2 bits
1 — — — — Clocked 8-bit data  No None

synchronous mode

Table12.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Setting
Bit 7 Bitl BitO

SCI Transmit/Receive clock

Clock
C/A CKE1 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
1 the bit rate
1 0 0 Clocked Internal Outputs the serial clock
1 synchronous
mode
1 0 External Inputs the serial clock
1
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12.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and one or two stop bits indicating the end of communication. Serial
communication is thus 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 12.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission lineis usualy 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 LSB-
first order), a parity bit (high or low level), and finally one or two 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 latched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall 5 | 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 bits 1 bit, 1lor

ornone 2 hits

One unit of transfer data (character or frame)

Figure12.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format

Table 12.10 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 12.10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE MP | STOP 2 3 4 5 6 7 8 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 | e |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 B |STOP|STOP
0 — 1 0 | 8-bit data | wpa |sToP
0 — 1 1 | 8-bit data | MPB |STOP|STOP
1 — 1 0 | 7-bit data | wa [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 SCl's serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see table
12.9.

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 caseis 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 12.3.

Uy

0 DO D1 D2 D3 D4 | DS D6 D7 | 0/1 1 1

1 frame

A

.

Figure 12.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations

SClI initialization (asynchronous mode): Before transmitting and receiving data, you should first
clear the TE and RE bitsin SCR to O, 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 O, the
TDRE flag isset 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.

Figure 12.4 shows a sample SCI initialization flowchart.
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Start initialization ) [1] Set the clock selection in SCR.

Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEQO bits in SCR X asynchronous mode, it is output
(TE, RE bits 0) (1] immediately after SCR settings are
made.

[2] Set the data transfer format in SMR

t data t fer f ti
Set data transfer format in and SCMR.

SMR and SCMR 2]

\ [3] Write a value corresponding to the

Set value in BRR 3] bit rate to BRR. Not necessary if an
external clock is used.

L Wait
o [4] Wait at least one bit interval, then
No set the TE bit or RE bit in SCR to 1.
1-bit interval elapsed? Also set the RIE, TIE, TEIE, and
MPIE bits.
Yes Setting the TE and RE bits enables
the TxD and RxD pins to be used.
SCR t?)e]t.,TaEnc?r;itRR’ElE,b'lltlsEl?TElE, 4] Note: * Perform th.is.set operation with
and MPIE bits the RxD pin in the 1 state. If the
RE bit is set to 1 with the RxD

pin in the O state, it may be

) misinterpreted as a start bit.
<Transfer completion>

Figure12.4 Sample SCI Initialization Flowchart
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Serial data transmission (asynchronous mode): Figure 12.5 shows a sample flowchart for serial
transmission.

The following procedure should be used for seria data transmission.

‘ Initialization | [ [1] SCl initialization:
The TxD pin is automatically
‘ designated as the transmit data
( Start transmission ) output pin.
}4— Adter the TE bit is set to 1, a frame
- of 1s is output, and transmission is
‘ Read TDRE flag in SSR | [2] enabled

No [2] SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Yes

Write transmit data to TDR

and clear TDRE flag in SSR 10 0 [3] Serial transmission continuation

procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and then
clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC* is
activated by a transmit data
empty interrupt (TXI) request, and
data is written to TDR.

All data transmitted?

Yes
- [3]

[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 pinto 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: * The case, in which the DTC
automatically checks and

- clears the TDRE flag, occurs
only when DISEL in DTC is 0

Clear TE bitin SCR to 0 | with the transfer counter not
being 0. Therefore, the TDRE
<End> flag should be cleared by CPU

when DISEL is 1, or when
DISEL is 0 with the transfer
counter being 0.

Figure12.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set 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-bit is output.
[b] Transmit data:
8-hit or 7-bit dataiis output in LSB-first order.
[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

[d] Stop bit(s):
One or two 1-bits (stop bits) are output.
[e] Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag isset to 1, the TEND flag in SSRis set to 1, the stop hit is sent, and then the
"mark state" is entered in which 1 is output continuously. If the TEIE bitin SCRissetto 1 at
thistime, a TEI interrupt request is generated.
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Figure 12.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit B bit ~ bit bit B bit  bit 1
) )
0 | bo | b1 o7 o1 | 1 | o | Do | D1 D7 | onn | 1 |destate
( (« (mark state)
| ) ‘ )
1 G
‘ )
TDRE ! « !
[ A R [
TEND ! (« L
; ) ™)) i
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
-y

Figure12.6 Example of 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 12.7 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
( Start reception ) designated as the receive data
input pin.
[2] [3] Receive error processing and
Read ORER, PER, and 2 break detection:
FER flags in SSR If a receive error occurs, read the

ORER, PER, and FER flags in

SSR to identify the error. After
Yes performing the appropriate error
processing, ensure that the
ORER, PER, and FER flags are
all cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be

PER OFER OORER =17

Error processing

(Continued on next page)

i 4 .
Read RDRF flag in SSR | 4 detected by reading the value of
the input port corresponding to
No the RxD pin.
[4] SCI status check and receive
Yes data read :

Read SSR and check that RDRF
=1, then read the receive data in

Read receive data in RDR, and
clear RDRF flag in SSR 10 0 RDR and clear the RDRF flag to

0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

All data received? (3] [5] Serial reception continuation

procedure:
To continue serial reception,
before the stop bit for the current

Clear RE bitin SCR to 0 frame is received, read the
RDRF flag, read RDR, and clear
<End> the RDRF flag to 0. The RDRF

flag is cleared automatically
when the DTC* is activated by
an RXl interrupt and the RDR
value is read.

Note: * The case, in which the DTC automatically clears the RDRF flag, occurs only when DISEL in
DTC is 0 with the transfer counter not being 0. Therefore, the RDRF flag should be cleared
by CPU when DISEL is 1, or when DISEL is 0 with the transfer counter being 0.

Figure12.7 Sample Serial Reception Data Flowchart
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(3]

( Error processing )

No

Yes

Overrun error processing

No

Break?

Yes

Y

Framing error processing | | Clear RE bitin SCRto 0

-
-

No
PER =17

Yes

Parity error processing

|
-l

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure12.7 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 a0 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 hits, only the first is checked.
[c] Statuscheck:

The SCI checks whether the RDRF flag is 0, 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 12.11.

Note: * Subsequent 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 SCRis set to 1 when the RDRF flag changesto 1, areceive data full interrupt
(RXI) request 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 12.11 Receive Errorsand Conditionsfor Occurrence

Receive Error  Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data receptionis  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 O 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 12.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit  bit  bit « bt bit 1
) )
0o | bo | b1 p7|o1| 1 | o | po| D1 D7 | o | o |ldlestate
S 5 (mark state)

RDRF (« | (
) [ A )
FER (« ; «
) ; ) ]
RXI interrupt f RDR data read and RDRF
request generated  flag cleared to 0 in RXI ERI interrupt request
i interrupt service routine generated by framing

!
! error
!
!
!
!
!
!
!

1 frame
D T ottt ]

Figure 12.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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12.3.3  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 1D 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 a1 multiprocessor hit is again received. In this
way, data communication is carried out among a number of processors.

Figure 12.9 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 12.10.
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Clock

See the section on asynchronous mode.

Transmitting
station

Y Serial transmission line

! 1 1 1

Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial :
data | | [ noa [ 1| | Haa |
} (MPB = 1) (MPB = 0):
ID transmission cycle =  Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

Legend:
MPB: Multiprocessor bit

Figure12.9 Example of Inter-Processor Communication Using M ultiprocessor For mat
(Transmission of Data H'AA to Recelving Station A)
Data Transfer Operations

Multiprocessor serial datatransmission:; Figure 12.10 shows a sample flowchart for
multiprocessor serial datatransmission.

The following procedure should be used for multiprocessor serial data transmission.
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| Initialization |
[

Start transmission )

| Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

—
e}

Read TEND flag in SSR

Break output?

Clear DR to 0 and set DDR to 1

}47

Clear TE bitin SCRt0 0 |

<End>

(1]

(2]

(3]

(4

(1]

(2]

(3]

[4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DTC* is activated by a transmit
data empty interrupt (TXI)
request, and data is written to
TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bitin SCR to 0.

Note: * The case, in which the DTC

automatically clears the TDRE
flag, occurs only when DISEL in
DTC is 0 with the transfer
counter not being 0. Therefore,
the TDRE flag should be cleared
by CPU when DISEL is 1, or
when DISEL is 0 with the
transfer counter being 0.

Figure12.10 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit data empty interrupt (TXI) request is generated.
The serial transmit data is sent from the TXD pin in the following order.

[a] Start bit:
One 0-bit is output.
[b] Transmit data:
8-hit or 7-bit dataiis output in L SB-first order.
[c] Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
[d] Stop bit(s):
One or two 1-bits (stop bits) are output.
[e] Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frameis started.

If the TDRE flag isset to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuously. If the TEIE bit in SCRisset to 1 at this
time, atransmission end interrupt (TEI) request is generated.
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Figure 12.11 shows an example of SCI operation for transmission using the multiprocessor format.

Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit (« bit bit bit (« sor bit  bit 1
) )
o | oo | b1 b7 |o1| 1 | o | o | D1 p7 | op | 1 Idestate
( ( (mark state)
| ) ‘ )
| L
| )
TDRE ! " !
I i 3 [
TEND ; (« G
; ) ) i
TXlinterrupt  Data written to TDR TXI interrupt
request generated  and TDRE flag cleared to  request generated TEl interrupt
0 in TXI interrupt service request generated
| routine !
: 1 frame

Figure12.11 Example of SCI Operation in Transmission
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)

Multiprocessor serial data reception: Figure 12.12 shows a sample flowchart for multiprocessor
serial reception.

The following procedure should be used for multiprocessor serial data reception.
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Initialization

| o

( Start reception

)

e

| Read MPIE bit in SCR

|

| Read ORER and FER flags in SSR

FER OORER =17

Yes

Read RDRF flag in SSR

No

Read receive data in RDR

This station's ID?

Read ORER and FER flags in SSR

FER OORER =17

Read RDRF flag in SSR

Yes

Read receive data in RDR

All data received?

Clear RE bit in SCR to O

[3]
Yes
;(es
Yes N
[4]
No

y

i

(1]

(2]

(3]

(4]

(5]

[5]

next page)

<End>

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

ID reception cycle:
Set the MPIE bit in SCR to 1.

SCI status check, ID reception
and comparison:

Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and
compare it with this station's ID.
If the data is not this station's ID,
set the MPIE bit to 1 again, and
clear the RDRF flag to 0.

If the data is this station's ID,
clear the RDRF flag to 0.

SCI status check and data
reception:

Read SSR and check that the
RDREF flag is set to 1, then read
the data in RDR.

Receive error processing and
break detection:

If a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After
performing the appropriate error
processing, ensure that the
ORER and FER flags are all
cleared to 0.

Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

( Error processing )

(Continued on

Figure12.12 Sample Multiprocessor Serial Reception Flowchart
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[5] ( Error processing )

No

Yes

Overrun error processing

—
|

Yes
Break?

No

Y
Framing error processing | | Clear RE bitin SCRto 0

o ‘
e ]

Clear ORER, PER, and
FER flags in SSRto 0

<End>

Figure12.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 12.13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit [« MPB  bit bit [« MPB  bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
{ { (mark state)
(
)
MPIE
RDRF [« [«
)] / / ) i
RDR
ID1
value X
MPIE=0  RXl interrupt RDR data read If not this station's ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine
(a) Data does not match station's ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit (« MPB  bit bit (« MPB  bit 1
)] )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
( { (mark state)
MPIE | [«
)) Iy
RDRF [« [«
) / / )
RDR X X
value ID1 D2 Data2
MPIE =0 RXI interrupt RDR data read and Matches this station's ID, MPIE bit set to 1

request

RDRF flag cleared

(multiprocessor to 0 in RXI interrupt

interrupt) service routine

generated

so reception continues, and
data is received in RXI
interrupt service routine

again

(b) Data matches station's ID

Figure12.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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12.3.4  Operation in Clocked Synchronous Mode

In clocked synchronous mode, datais transmitted or received in synchronization with clock
pulses, making it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. 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 12.14 shows the general format for clocked synchronous serial communication.

One unit of transfer data (character or frame)
Serial
clock ‘ ‘

| LsB MSB |
Serial \ - - - - - - - - \
data T XBltOXBlthB|t2><B|t3><B|t4><B|t5><B|t6><B|t7>< ?

Don't care Don't care

Note: * High except in continuous transfer

Figure 12.14 Data Format in Synchronous Communication

In clocked synchronous serial communication, data on the transmission line is output from one
falling edge of the serial clock to the next. Data confirmation is guaranteed at the rising edge of
the serial clock.

In clocked serial communication, one character consists of data output starting with the LSB and
ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In clocked synchronous mode, the SCI receives data in synchronization with the rising edge of the
seria clock.

Data Transfer Format
A fixed 8-bit dataformat is used.

No parity or multiprocessor bits are added.
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Clock

Either an internal clock generated by the on-chip baud rate generator or an external serial clock
input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the CKE1
and CKEOQ hitsin SCR. For details of SCI clock source selection, seetable 12.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock isoutput until an overrun error occurs or the RE bit is cleared to 0. If you want to
perform receive operationsin units of one character, you should select an external clock asthe
clock source.

Data Transfer Operations

SClI initialization (clocked synchronous mode): Before transmitting and receiving data, you
should first clear the TE and RE bitsin SCR to O, 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 O, the
TDRE flag isset 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.

Figure 12.15 shows a sample SCI initialization flowchart.
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( Start initialization )

| Clear TE and RE bits in SCRto 0 |
\

Set CKE1 and CKEQO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(2]

(3]

(1]

(2]

(3]

(4]

A

1-bit interval elapsed?

Yes

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

No

(4]

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to 0.

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 bitin 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.

Note: In simultaneous transmit and receive operations, the TE and RE bits should both
be cleared to 0 or set to 1 simultaneously.

Figure12.15 Sample SCI Initialization Flowchart
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Serial data transmission (clocked synchronous mode): Figure 12.16 shows a sample flowchart
for seria transmission.

The following procedure should be used for seria data transmission.

| Initialization | 1] [1] SClinitialization:
‘ The TxD pin is automatically
( Start transmission ) designated as the transmit data output
pin.
| Read TDRE flag in SSR | 2] [2] SCI status check and transmit data

write:
Read SSR and check that the TDRE

No flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to O.
Yes [3] Serial transmission continuation
_ _ procedure:
Write transmit data to TDR and To continue serial transmission, be

clear TDRE flag in SSRto 0

sure to read 1 from the TDRE flag to

confirm that writing is possible, then

write data to TDR, and then clear the
[3] TDRE flag to 0.

All data transmitted?

Checking and clearing of the TDRE
Yes flag is automatic when the DTC* is
- activated by a transmit data empty
Read TEND flag in SSR interrupt (TXI) request, and data is

written to TDR.

No

Note: * The case, in which the DTC
automatically clears the TDRE
Yes flag, occurs only when DISEL in
DTC is 0 with the transfer
counter not being 0. Therefore,
Clear TE bitin SCRto 0 the TDRE flag should be cleared
by CPU when DISEL is 1, or
when DISEL is 0 with the
<End> transfer counter being 0.

Figure12.16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, a transmit data empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit datais sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

[3] The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the MSB (bit 7) is sent, and the
TxD pin maintains its state.

If the TEIE bitin SCRisset to 1 at thistime, a TEI interrupt request is generated.
[4] After completion of serial transmission, the SCK pinisfixed.

Figure 12.17 shows an example of SCI operation in transmission.
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Transfer direction

| |
1 - 1
| |
| |
| |

Serial data >< Bit0>< Bit 1 ><::::>< Bit7X Bit 0 >< Bit 1 ><j X Bit6 >< Bit 7
3 ((
T ))

TDRE (
- | A )J J I S
TEND
(( ! ((
)] ! )] J
TXI interrupt Data written to TDR  TXI interrupt TEl interrupt
request generated and TDRE flag request generated request generated

. clearedto 0in TXI ;
! interrupt service routine i

1 frame

Figure12.17 Example of SCI Operation in Transmission

Serial data reception (clocked synchronous mode): Figure 12.18 shows a sample flowchart for
serial reception.

The following procedure should be used for serial data reception.

When changing the operating mode from asynchronous to clocked synchronous, be sure to check
that the ORER, PER, and FER flags are all cleared to O.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor receive
operations will be possible.
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| Initialization | [1] [1] scI initiali_za@ion: _
‘ The RxD pin is automatically
- designated as the receive data
( Start reception ) input pin

[2] [3] Receive error processing:

| Read ORER flag in SSR | [2] If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
processing, clear the ORER flag
to 0. Transfer cannot be resumed
if the ORER flag is set to 1.

[4] SCI status check and receive
data read:
Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
No clear the RDRF flag to 0.
Transition of the RDRF flag from
0 to 1 can also be identified by
Yes an RXI interrupt.

(Continued below)

Read RDRF flag in SSR | [4]

Read receive data in RDR, and [5] Serial reception continuation

clear RDRF flag in SSR to 0 procedu_re: . .
To continue serial reception,

before the MSB (bit 7) of the
current frame is received, finish
[5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC* is
| Clear RE bit in SCR to0 0 | activated by a receive data full
interrupt (RXI) request and the
RDR value is read.

All data received?

<End>

Note: * The case, in which the DTC
automatically clears the RDRF
3] ( Error processing ) flag, occurs only when DISEL in
‘ DTC is 0 with the transfer
| counter not being 0. Therefore,
the RDRF flag should be cleared
‘ by CPU when DISEL is 1, or
| Clear ORER flag in SSR to 0 | when DISEL is 0 with the
‘ transfer counter being O.

| Overrun error processing

<End>

Figure 12.18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
[1] The SCI performsinternal initialization in synchronization with serial clock input or output.

[2] Thereceived datais stored in RSR in LSB-to-M SB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 12.11.

Neither transmit nor receive operations can be performed subsequently when areceive error
has been found in the error check.

[3] If the RIE bitin SCRis set to 1 when the RDRF flag changes to 1, areceive data full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive error
interrupt (ERI) request is generated.

Figure 12.19 shows an example of SCI operation in reception.

Serial S
clock
Serial . - - : - -
Seri CD € ¢ €1 CIY CIY $I €D €30
RDRF | |

i A i —
ORER | )

| 3

RXI interrupt request : RDR data read and RXl interrupt request ~ ERI interrupt request

generated . RDRF flag clearedto 0 | generated generated by overrun
3 in RXI interrupt service : error
' routine !
! 1 frame ‘

Figure12.19 Example of SCI Operation in Reception

Simultaneous serial data transmission and reception (clocked synchronous mode): Figure
12.20 shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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| Initialization
\
( Start transmission/reception )

_—

| Read TDRE flag in SSR

No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

e

Read ORER flag in SSR |

Read RDRF flag in SSR

No

Yes

Read receive data in RDR, and
clear RDRF flag in SSRto 0

All data received?

Clear TE and RE bits in SCR to 0

<End>

0, then set both these bits to 1 simultaneously.

[3]

Error processing

Notes: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to

[1] SClinitialization:
The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

[2] SCI status check and transmit data
write:
Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.
Transition of the TDRE flag from 0
to 1 can also be identified by a TXI
interrupt.

[3] Receive error processing:
If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to
0. Transmission/reception cannot be
resumed if the ORER flag is set to 1.

[4] SCI status check and receive data
read:
Read SSR and check that the
RDREF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

[5] Serial transmission/reception
continuation procedure:
To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible.
Then write data to TDR and clear
the TDRE flag to 0. Also, before the
MSB (bit 7) of the current frame is
received, finish reading the RDRF
flag, reading RDR, and clearing the
RDRF flag to 0.
Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit data empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
DTC* is activated by a receive data
full interrupt (RXI) request and the
RDR value is read.

* The case, in which the DTC automatically clears the TDRE flag or RDRF flag, occurs only when DISEL in
the corresponding DTC transfer is 0 with the transfer counter not being 0. Therefore, the corresponding flag
should be cleared by CPU when DISEL in the corresponding DTC transfer is 1, or when DISEL is 0 with the

transfer counter being 0.

Figure12.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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12.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI1)
request. Table 12.12 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin the SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, aTEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC*. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flagin SSRis set to 1, an ERI interrupt request is generated. An RX| interrupt can
activate the DTC to perform datatransfer. The RDRF flag is cleared to O automatically when data
transfer is performed by the DTC*. The DTC cannot be activated by an ERI interrupt request.

Note: * Theflagisnot cleared when DISEL is 0 and the transfer counter value is not O.
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Table 12.12 SCI Interrupt Sources

Interrupt DTC
Channel Source Description Activation Priority*
0 ERI Interrupt due to receive error Not High
(ORER, FER, or PER) possible A
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty state  Possible
(TDRE)
TEI Interrupt due to transmission end (TEND)  Not
possible
1 ERI Interrupt due to receive error Not
(ORER, FER, or PER) possible
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty Possible
state (TDRE)
TEI Interrupt due to transmission end Not
(TEND) possible
2 ERI Interrupt due to receive error Not
(ORER, FER, or PER) possible
RXI Interrupt due to receive data full Possible
state (RDRF)
TXI Interrupt due to transmit data empty Possible
state (TDRE)
TEI Interrupt due to transmission end Not
(TEND) possible Low

Note: * This table shows the initial state immediately after a reset. Relative priorities among
channels can be changed by means of ICR.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit isset to 1. The
TEND flagis cleared at the same time as the TDRE flag. Consequently, if aTEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt may be accepted first, with the result
that the TDRE and TEND flags are cleared. Note that the TEI interrupt will not be accepted in this

case.
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125  Usage Notes

The following points should be noted when using the SCI.

M odule Stop M ode Setting

SCI operation can be disabled or enabled using the module stop control register. Theinitia setting
isfor SCI operation to be halted. Register accessis enabled by clearing module stop mode. For
details, see section 18, Power-Down Modes.

Relation between Writesto TDR and the TDRE Flag

The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to O, the data stored in TDR will belost since it has
not yet been transferred to TSR. It is therefore essential to check that the TDRE flag isset to 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flagsin SSRisas
shown in table 12.13. If there is an overrun error, datais not transferred from RSR to RDR, and
the receive dataislost.

Table 12.13 State of SSR Status Flags and Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF ORER FER PER RSR to RDR Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 @) Framing error

0 0 0 1 @) Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 @) Framing error + parity error

1 1 1 1 X Overrun error + framing error +

parity error

Legend:
O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing (Asynchronous M ode Only)

When framing error (FER) detection is performed, a break can be detected by reading the RxD pin
value directly. In abreak, the input from the RxD pin becomes all Os, and so the FER flag is set,
and the parity error flag (PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flag iscleared to O, it will be set to 1 again.

Sending a Break (Asynchronous Mode Only)

The TxD pin hasadual function as an I/O port whose direction (input or output) is determined by
DR and DDR. This can be used to send a break.

Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin are first set to 1.

To send abreak during serial transmission, first clear DR to O, then clear the TE bit to O.

When the TE hit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TxD pin becomes an I/O port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Clocked Synchronous M ode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flagsto 0 before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE hit is cleared to O.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive dataislatched internally at the rising edge of the 8th pulse of the
basic clock. Thisisillustrated in figure 12.21.
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16 clocks
8 clocks
0 7 15| 0 7 150

Internal basic m

clock 1 — —

Receivedata 11|  Startbit || | DO i b1
(RxD) e - -

Synchronization : v D

sampling timing ! L i

Data sampling . s

timing H H

Figure12.21 Receive Data Sampling Timing in Asynchronous M ode

Thus the reception margin in asynchronous mode is given by formula (1) below.

D-0.
)—(L-05)F— |D-05] (1+F) | x 100%

M=|(05- N N ... Formula (1)

Where M: Reception margin (%)

N: Ratio of bit rateto clock (N = 16)

D: Clock duty (D =0t0 1.0)

L: Framelength (L =9t012)

F: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5in formula (1), areception margin of 46.875% is given by
formula (2) below.

When D =0.5and F =0,
1
M=(05-—~)x100%
2x 16

= 46.875% ... Formula (2)

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.
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Restrictions Concerning DTC Updating

When an external clock sourceis used as the seria clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the CPU and DTC. Misoperation
may occur if the transmit clock isinput within 4 ¢ clocks after TDR is updated. (Figure 12.22)
When RDR isread by the DTC, be sure to set the activation source to the relevant SCI
reception end interrupt (RX1).

Theflag is cleared only when DISEL in DTC is 0 with the transfer counter not being 0. When
DISEL is1,or DISEL is 0 with the transfer counter being 0O, the flag should be cleared by CPU.
Note that transmitting, in particular, may not successfully be executed unless the TDRE flag is
cleared by CPU.

SCK 3

' LSB

Serial data X po X b1 X b2 X b3 X pa X b5 X b6 X D7 ><:

Note: When operating on an external clock, set t >4 clocks.

Figure 12.22 Example of Clocked Synchronous Transmission by DTC

Operation in Case of Mode Transition

Transmission

Operation should be stopped (by clearing TE, TIE, and TEIE to 0) before making a module
stop mode or software standby mode transition. TSR, TDR, and SSR are reset. The output pin
states in module stop mode or software standby mode depend on the port settings, and
becomes high-level output after the relevant mode is cleared. If atransition is made during
transmission, the data being transmitted will be undefined. When transmitting without
changing the transmit mode after the relevant mode is cleared, transmission can be started by
setting TE to 1 again, and performing the following sequence: SSR read - TDR write —
TDRE clearance. To transmit with a different transmit mode after clearing the relevant mode,
the procedure must be started again from initialization. Figure 12.23 shows a sample flowchart
for mode transition during transmission. Port pin states are shown in figures 12.24 and 12.25.

Operation should also be stopped (by clearing TE, TIE, and TEIE to 0) before making a
transition from transmission by DTC transfer to module stop mode or software standby mode
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transition. To perform transmission with the DTC after the relevant mode is cleared, setting TE
and TIE to 1 will set the TXI flag and start DTC transmission.

<Transmission>

[1] Data being transmitted is interrupted.
After exiting software standby mode,
etc., normal CPU transmission is
possible by setting TE to 1, reading
SSR, writing TDR, and clearing
TDRE to 0, but note that if the DTC
has been activated, the remaining
data in DTCRAM will be transmitted
when TE and TIE are set to 1.

[2] If TIE and TEIE are set to 1, clear
them to 0 in the same way.

[3] Includes module stop mode.

Transition to software 3
standby mode, etc. K]

Exit from software
standby mode, etc.

Change
operating mode?

Yes

Initialization TE=1

.« ]

<Start of transmission>

Figure 12.23 Sample Flowchart for Mode Transition during Transmission
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Transition Exit from
End of to software software
Start of transmission transmission standby standby

| ¢ LT
TE bit

SCK output pin | Port input/output \ |

| (
TxD output pin  Port inputloutput?‘ High output Start A X Y Stop T Port input/output 1 High output
Port i Port SCI TxD

SCI TxD output \ ™ output

Figure 12.24 Asynchronous Transmission Using I nternal Clock

Transition Exit from
End of to software software
Start of transmission transmission standby standby

| ¢ b
TE bit i

| « | |
SCK output pin ! " J i X Portinputioutputy” !

(¢ (
TxD output pin - Port input/output ¥ Marking output” \< X X :j ' Last TxD bit held>f Port input/outputﬁ High output™
)T
Port Port SCI TxD

| SCI TxD output \ | output

Note: * Initialized by software standby.

Figure 12.25 Synchronous Transmission Using Internal Clock
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* Reception
Receive operation should be stopped (by clearing RE to 0) before making a module stop mode
or software standby mode transition. RSR, RDR, and SSR are reset. If atransition is made
without stopping operation, the data being received will be invalid.
To continue receiving without changing the reception mode after the relevant mode is cleared,
set RE to 1 before starting reception. To receive with a different receive mode, the procedure
must be started again from initialization.
Figure 12.26 shows a sample flowchart for mode transition during reception.

<Reception>
\
Read RDRF flag in SSR

No [1] [1] Receive data being received
becomes invalid.

Yes

Read receive data in RDR

e

RE=0

Transition to software 2
standby mode, etc. 2

[2] Includes module stop mode.

Exit from software
standby mode, etc.

Change
operating mode?

Yes

Initialization RE=1

]

<Start of reception>

Figure12.26 Sample Flowchart for Mode Transition during Reception
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Switching from SCK Pin Function to Port Pin Function

Problem in Operation

When switching the SCK pin function to the output port function (high-level output) by
making the following settingswhile DDR =1, DR=1, C/A =1, CKE1 =0, CKEO=0,and TE
= 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of seria datatransmission

TEbit=0

C/A bit = 0... Switchover to port output

Occurrence of low-level output

Eal A

Half-cycle low-level output

SCK/port |_|
1. End of transmission 4. Low-level output
4

Data Bit 6 >< Bit 7 |

2.TE=0
TE |

C/A  3.C/A=0

CKE1

CKEO

Figure 12.27 Operation when Switching from SCK Pin Function to Port Pin Function
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e Sample Procedure for Avoiding Low-Level Output

As this sample procedure temporarily placesthe SCK pin in the input state, the SCK/port pin
should be pulled up beforehand with an external circuit.

With DDR =1, DR=1, C/A = 1, CKE1 = 0, CKEO = 0, and TE = 1, make the following
settings in the order shown.

End of serial datatransmission

TEhit=0

CKElhit=1

C/A bit = 0... Switchover to port output

CKElhit=0

gk w DN pRE

! High-level output

SCK/port U

1. End of transmission

Data Bit 6 X Bit 7 !
2.TE=0
TE |
ik 4.C/A=0
3.CKE1=1 ;
CKE1 | ! 5.CKEL=0
CKEO ‘

Figure 12.28 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing L ow-L evel Output)
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131

Section 13 Smart Card Interface

Overview

SCI supports an IC card (Smart Card) interface conforming to | SO/IEC 7816-3 (Identification
Card) as a serial communication interface extension function.

Switching between the normal serial communication interface and the Smart Card interfaceis
carried out by means of aregister setting.

1311

Features

Features of the Smart Card interface supported by the H85/2245 are as follows.

* Asynchronous mode

g
O
g
O
g

Data length: 8 bits

Parity bit generation and checking

Transmission of error signal (parity error) in receive mode

Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported

*  On-chip baud rate generator allows any bit rate to be selected
e Threeinterrupt sources

O

O

Three interrupt sources (transmit data empty, receive data full, and transmit/receive error)

that can issue requests independently

The transmit data empty interrupt and receive data full interrupt can activate the data

transfer controller (DTC) to execute data transfer
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13.1.2 Block Diagram
Figure 13.1 shows a block diagram of the Smart Card interface.
Q
5 I
Module data bus 5 Interna
= data bus
>
[}
ROR | | TDOR | SCMR [ BRR |
1y U SSR -9
RODw» | RSR | []| TSR SCR Baudrate [=— @4
i SMR generator « @16
Transmission/
D reception control -— @/64
| Parity generation| § b clock |
Parity check
SCK =
= TXI
= RXI
Legend: > ERI
SCMR : Smart Card mode register
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
BRR : Bit rate register
Figure13.1 Block Diagram of Smart Card Interface
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13.1.3  Pin Configuration

Table 13.1 shows the Smart Card interface pin configuration.

Table13.1 Smart Card Interface Pins

Channel Pin Name Symbol 110 Function

0 Serial clock pin O SCKO /0 SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive data pin 2 RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Qutput SCI2 transmit data output

13.1.4 Register Configuration

Table 13.2 shows the registers used by the Smart Card interface. Details of SMR, BRR, SCR,
TDR, RDR, and MSTPCR are the same as for the normal SCI function: see the register
descriptionsin section 12, Serial Communication Interface (SCI).

RENESAS

Rev.3.00 Mar. 26, 2007 Page 475 of 772
REJ09B0355-0300



Section 13 Smart Card Interface

Table13.2 Smart Card Interface 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 0 SCRO R/W H'00 HFF7A
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 O RDRO R H'00 H'FF7D
Smart card mode SCMRO R/W H'F2 H'FF7E
register O

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 RI(W)**  H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode SCMR1 R/W H'F2 H'FF86
register 1

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 RI(W)**  H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode SCMR2 R/W H'F2 H'FF8E
register 2

All Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.

2. Can only be written with 0 for flag clearing.

Rev.3.00 Mar. 26, 2007 Page 476 of 772

REJ09B0355-0300

RENESAS



Section 13 Smart Card Interface

13.2 Register Descriptions

Registers added with the Smart Card interface and bits for which the function changes are
described here.

13.21 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

RIW S — — — RIW RIW — RIW

SCMR is an 8-bit readable/writable register that selects the Smart Card interface function.
SCMRisinitialized to H'F2 by areset, and in standby mode or module stop mode.
Bits 7 to 4—Reserved: Read-only bits, awaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
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. This
function is used together with the SDIR bit for communication with an inverse convention card.
The SINV bit does not affect the logic level of the parity bit. For parity-related setting procedures,
see section 13.3.4, Register Settings.
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Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
Receive data is stored as it is in RDR

1 TDR contents are inverted before being transmitted

Receive data is stored in inverted form in RDR

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface M ode Select (SM1F): Enables or disables the Smart Card interface
function.

Bit 0

WDescription

0 Smart Card interface function is disabled (Initial value)
1 Smart Card interface function is enabled

13.22  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘

Initial value : 1 0 0 0 0 1 0 0

RIW ©ORIW)*  RIW)*  RIW)*  RIW)*  RI(W)* R R RIW

Note: * Only O can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in Smart Card interface mode. Coupled with this, the setting
conditionsfor bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Serial
Status Register (SSR).
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Bit 4—Error Signal Status (ERS): In Smart Card interface mode, bit 4 indicates the status of the
error signal sent back from the receiving end in transmission. Framing errors are not detected in
Smart Card interface mode.

Bit 4

ERS Description

0 [Clearing conditions] (Initial value)
e Upon reset, and in standby mode or module stop mode
¢ When 0 is written to ERS after reading ERS = 1

1 [Setting condition]

When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its previous
state.

Bits 3 to 0—Operate in the same way as for the normal SCI. For details, see section 12.2.7, Serial
Status Register (SSR).

However, the setting conditions for the TEND hit, are as shown below.

Bit 2
TEND Description
0 [Clearing conditions] (Initial value)

¢ When 0 is written to TDRE after reading TDRE = 1
e When the DTC* is activated by a TXI interrupt and write data to TDR
1 [Setting conditions]

¢ Upon reset, and in standby mode or module stop mode

¢ When the TE bit in SCR is 0 and the ERS bit is also 0

¢  When TDRE = 1 and ERS = 0 (normal transmission) 12.5 etu after transmission of
a 1-byte serial character when GM =0

*  When TDRE = 1 and ERS = 0 (normal transmission) 11.0 etu after transmission of
a 1-byte serial character when GM = 1

Notes: etu: Elementary Time Unit (time for transfer of 1 bit)
* DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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13.2.3 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0

\ GM \ CHR \ PE \ OE \ STOP \ MP \ CKS1 \ CKS0 \
Initial value : 0 0 0 0 0 0 0 0
Set value* : GM 0 1 O/E 1 0 CKS1  CKSO
RIW : RW RIW RIW RIW RIW RIW RIW RIW

Note: * When the smart card interface is used, be sure to make the 0 or 1 setting shown for bits
6, 5, 3, and 2.

The function of bit 7 of SMR changesin smart card interface mode.
Bit 7—GSM Mode (GM): Setsthe smart card interface function to GSM mode.

This bit is cleared to 0 when the normal smart card interface is used. In GSM mode, this bit is set
to 1, the timing of setting of the TEND flag that indicates transmission completion is advanced
and clock output control mode addition is performed. The contents of the clock output control
mode addition are specified by bits 1 and O of the serial control register (SCR).

Bit 7

GM Description

0 Normal smart card interface mode operation (Initial value)
« TEND flag generation 12.5 etu after beginning of start bit
e Clock output ON/OFF control only

1 GSM mode smart card interface mode operation

e TEND flag generation 11.0 etu after beginning of start bit

* High/low fixing control possible in addition to clock output ON/OFF control (set by
SCR)
Note: etu: Elementary time unit (time for transfer of 1 bit)

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 12.2.5, Serial Mode Register (SMR).

Rev.3.00 Mar. 26, 2007 Page 480 of 772
REJ09B0355-0300
RENESAS



Section 13 Smart Card Interface

13.24  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
RIW . RIW RIW RIW RIW RIW RIW RIW RIW

In smart card interface mode, the function of bits 1 and 0 of SCR changes when bit 7 of the serial
mode register (SMR) isset to 1.

Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 12.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEO): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin.

In smart card interface mode, in addition to the normal switching between clock output enabling
and disabling, the clock output can be specified as to be fixed high or low.

SCMR SMR SCR Setting

SMIF C/A, GM CKE1 CKEO SCK Pin Function

0 See the SCI

1 0 0 0 Operates as port I/O pin

1 0 0 1 Outputs clock as SCK output pin

1 1 0 0 Operates as SCK output pin, with output fixed
low

1 1 0 Outputs clock as SCK output pin

1 1 1 0 Operates as SCK output pin, with output fixed
high

1 1 1 1 Outputs clock as SCK output pin
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13.3  Operation

13.3.1 Overview
The main functions of the Smart Card interface are as follows.

e One frame consists of 8-hit data plus a parity bit.

* Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for transfer of
one bit) isleft between the end of the parity bit and the start of the next frame.

» If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit.

e If theerror signal is sampled during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

»  Only asynchronous communication is supported; there is no clocked synchronous
communication function.
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13.3.2  Pin Connections
Figure 13.2 shows a schematic diagram of Smart Card interface related pin connections.

In communication with an IC card, since both transmission and reception are carried out on a
single datatransmission line, the TxD pin and RxD pin should be connected with the LS| pin. The
data transmission line should be pulled up to the V. power supply with aresistor.

When the clock generated on the Smart Card interfaceis used by an IC card, the SCK pin output is
input to the CLK pin of the IC card. No connection is needed if the IC card uses an internal clock.

LSl port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.

Vce
TxD %
* 1/0
RxD Data line
SCK - CLK
Clock line
Rx (port) - RST
H8S/2245 Reset line IC card
Connected equipment

Figure 13.2 Schematic Diagram of Smart Card Interface Pin Connections

Note: If an IC card is not connected, and the TE and RE bits are both set to 1, closed
transmission/reception is possible, enabling self-diagnosis to be carried out.
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13.3.3 DataFormat

Figure 13.3 shows the Smart Card interface data format. In reception in this mode, a parity check
is carried out on each frame, and if an error is detected an error signal is sent back to the
transmitting end, and retransmission of the datais requested. If an error signal is sampled during
transmission, the same data is retransmitted.

When there is no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

When a parity error occurs

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

- -

A
Y

Receiving station

Legend: Output
Ds : Start bit

DO to D7 : Data bits

Dp : Parity bit

DE : Error signal

Figure13.3 Smart Card Interface Data Format
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The operation sequence is as follows.

[1] When the datalineisnot in useit isin the high-impedance state, and is fixed high with a pull-
up resistor.

[2] The transmitting station starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

[3] With the Smart Card interface, the data line then returns to the high-impedance state. The data
lineis pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.

If thereis no parity error and the data is received normally, the receiving station waits for
reception of the next data.

If aparity error occurs, however, the receiving station outputs an error signal (DE, low-level)
to request retransmission of the data. After outputting the error signal for the prescribed length
of time, the receiving station places the signal line in the high-impedance state again. The
signal lineis pulled high again by a pull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit the next data
frame.

If it does receive an error signal, however, it returns to step [2] and retransmits the erroneous
data

13.3.4 Register Settings
Table 13.3 shows a hit map of the registers used by the smart card interface.

Bitsindicated as 0 or 1 must be set to the value shown. The setting of other bitsis described
below.
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Table 13.3 Smart Card Interface Register Settings

Bit
Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR GM 0 1 OE 1 0 CKs1 CKSO0
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR TIE RIE TE RE 0 0 CKE1*  CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1  TDRO
SSR TDRE RDRF ORER ERS PER TEND O 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR — — — — SDIR SINV — SMIF
Legend:
— : Unused bit

Note: * The CKEL bit must be cleared to 0 when the GM bit in SMR is cleared to 0.

SMR Setting

The GM hit iscleared to 0 in normal smart card interface mode, and set to 1 in GSM mode. The
OIE bitiscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the inverse
convention type.

Bits CKS1 and CK S0 select the clock source of the on-chip baud rate generator. See section
13.3.5, Clock.

BRR Setting

BRR is used to set the bit rate. See section 13.3.5, Clock, for the method of calculating the value
to be set.

SCR Setting

The function of the TIE, RIE, TE, and RE bitsis the same as for the normal SCI. For details, see
section 12, Serial Communication Interface (SCI).

Bits CKE1 and CKEO specify the clock output. When the GM hit in SMR is cleared to O, set these
bitsto B'00 if aclock is not to be output, or to B'01 if aclock isto be output. When the GM bit in
SMRisset to 1, clock output is performed. The clock output can also be fixed high or low.
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Smart Card Mode Register (SCMR) Setting

The SDIR bit iscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SINV hit iscleared to 0 if the IC card is of the direct convention type, and set to 1 if of the
inverse convention type.

The SMIF bit isset to 1 in the case of the Smart Card interface.

Examples of register settings and the waveform of the start character are shown below for the two
types of IC card (direct convention and inverse convention).

» Direct convention (SDIR = SINV = O/E = 0)

@ A 2z zZ A Z Z Z A A Z (2 Stae

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level corresponds to state Z and the logic O level to
state A, and transfer is performed in LSB-first order. The start character data above is H'3B.

The parity bit is 1 since even parity is stipulated for the Smart Card.

« Inverse convention (SDIR = SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (2 State

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in MSB-first order. The start character data above is H'3F.

The parity bit is 0, corresponding to state Z, since even parity is stipulated for the Smart Card.

With the H8S/2245 Group, inversion specified by the SINV bit applies only to the data bits,
D7 to DO. For parity bit inversion, the O/E bit in SMR is set to odd parity mode (the same
applies to both transmission and reception).
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13.35 Clock

Only an internal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rate is set with BRR and the CKS1 and
CK S0 bitsin SMR. The formulafor calculating the bit rate is as shown below. Table 13.5 shows
some sample bit rates.

If clock output is selected by setting CKEO to 1, a clock with afrequency of 372 times the bit rate
is output from the SCK pin.

¢ s

B= x 10

1488 x 22 x (N + 1)

Where N =VauesetinBRR (0< N < 255)
B = Bit rate (hit/s)
¢ = Operating frequency (MHz)
n= Seetable 13.4

Table 13.4 Correspondence between n and CKS1, CKS0

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Table 13.5 Examplesof Bit Rate B (bit/s) for Various BRR Settings (When n =0)

¢ (MH2)
N 10.00 10.714 13.00 14.285 16.00 18.00 20.00
0 13441 14400 17473 19200 21505 24194 26882
1 6720 7200 8737 9600 10753 12097 13441
2 4480 4800 5824 6400 7168 8065 8961

Note: Bit rates are rounded to the nearest whole number.
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The method of calculating the value to be set in the bit rate register (BRR) from the operating
frequency and bit rate, on the other hand, is shown below. N isan integer, 0 < N < 255, and the
smaller error is specified.

N = ® 101
1488 x 27 x B

Table13.6 Examplesof BRR Settingsfor Bit Rate B (bit/s) (When n =0)

¢ (MH2)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00
bit/s N Error N Error N Error N Error N Error N Error N Error N Error
9600 O 0.00 1 30 1 25 1 899 1 000 1 1201 2 1599 2 6.60

Table 13.7 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)

@ (MHz) Maximum Bit Rate (bit/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0

The bit rate error is given by the following formula:

¢

Error (%) =
o) =( 1488 x 2 x B x (N + 1)

x 10°— 1) x 100
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13.3.6 DataTransfer Operations

Initialization

Before transmitting and receiving data, initialize the SCI as described below. Initiaization isalso
necessary when switching from transmit mode to receive mode, or vice versa.

[1] Clear the TE and RE bitsin SCR to 0.
[2] Clear the error flags ERS, PER, and ORER in SSR to 0.

[3] Set the O/E bit and CKS1 and CK S0 bitsin SMR. Clear the C/A, CHR, and MP bitsto 0, and
set the STOP and PE hitsto 1.

[4] Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TXD and RxD pins are both switched from portsto SCI pins,
and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEOQ bitin SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE and CKE1 bitsto 0.
If the CKEO bit is set to 1, the clock is output from the SCK pin.

[7] Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.
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Serial Data Transmission

Asdatatransmission in smart card mode involves error signal sampling and retransmission
processing, the processing procedure is different from that for the normal SCI. Figure 13.4 shows
aflowchart for transmitting, and figure 13.5 shows the relation between a transmit operation and
the internal registers.

[1] Perform Smart Card interface mode initialization as described above in Initialization.
[2] Check that the ERS error flag in SSRis cleared to 0.
[3] Repeat steps[2] and [3] until it can be confirmed that the TEND flag in SSR is set to 1.

[4] Write the transmit datato TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag iscleared to O.

[5] When transmitting data continuously, go back to step [2].
[6] To end transmission, clear the TE bit to O.
With the above processing, interrupt servicing or data transfer by the DTC is possible.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, atransmit data empty interrupt (TXI1) request will be generated. If an error
occursin transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt
requests are enabled, atransfer error interrupt (ERI) request will be generated.

The timing for setting the TEND flag depends on the value of the GM bit in SMR. The TEND flag
set timing is shown in figure 13.6.

If the DTC is activated by a TXI request, the number of bytes set in the DTC can be transmitted
automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer Operation by DTC below.
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( Start )

| Initialization |

( Start transmission )

Error processing

)

Write data to TDR,
and clear TDRE flag
in SSRto 0

Error processing

)

| Clear TE bit to 0 |

|
( End )

Figure 13.4 Example of Transmission Processing Flow
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TDR TSR
(shift register)

(1) Data write | Data 1 }_>{ |

(2) Transfer from |
TDR to TSR

Data 1 . .
(3) Serial data output | Data 1 }—>{ }—» I/0 signal line output

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set
Steps (2) and (3) above are repeated until the TEND flag is set

Data 1 }—»{ Data 1 | ; Data remains in TDR

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure13.5 Relation Between Transmit Operation and Internal Registers

I/O data Ds |DO|D1|D2|D3|D4|D5|D6|D7|Dp| :DE
Guard
TXI time
(TEND interrupt) 12.5etu 1
WhenGM =0 [* ~
WhenGM =1 |« 11.0etu >
Legend:
Ds : Start bit
DO to D7 : Data bits
Dp : Parity bit
DE . Error signal

Figure13.6 TEND Flag Generation Timing in Transmission Operation
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Serial Data Reception

Data reception in Smart Card mode uses the same processing procedure as for the normal SCI.
Figure 13.7 shows an example of the transmission processing flow.

[1] Perform Smart Card interface mode initialization as described above in Initialization.

[2] Check that the ORER flag and PER flag in SSR are cleared to O. If either is set, perform the
appropriate receive error processing, then clear both the ORER and the PER flag to 0.

[3] Repeat steps [2] and [3] until it can be confirmed that the RDRF flag is set to 1.

[4] Read the receive datafrom RDR.

[5] When receiving data continuously, clear the RDRF flag to 0 and go back to step [2].
[6] To end reception, clear the RE bit to 0.

( St‘art )

| Initialization |

( Start reception )

;‘

ORER =0 and No
PER = 0?
Yes .
<—< Error processing )

RDRF =17

No

Yes

Read RDR and clear
RDREF flag in SSR to 0

All data received?

Yes
| Clear RE hitto 0 |

Figure 13.7 Example of Reception Processing Flow

With the above processing, interrupt servicing or data transfer by the or DTC is possible.
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If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive data full interrupt (RXI) request will be generated. If an error occursin
reception and either the ORER flag or the PER flag is set to 1, atransfer error interrupt (ERI)
request will be generated.

If the DTC is activated by an RXI request, the receive data in which the error occurred is skipped,
and only the number of bytes of receive data set in the DTC are transferred.

For details, see Interrupt Operation and Data Transfer Operation by DTC below.

If aparity error occurs during reception and the PER is set to 1, the received datais still
transferred to RDR, and therefore this data can be read.

Mode Switching Operation

When switching from receive mode to transmit mode, first confirm that the receive operation has
been completed, then start from initialization, clearing RE hit to 0 and setting TE bit to 1. The
RDREF flag or the PER and ORER flags can be used to check that the receive operation has been
completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE bit to O and setting RE bit to 1. The
TEND flag can be used to check that the transmit operation has been completed.

Fixing Clock Output Level

When the GM bit in SMRis set to 1, the clock output level can be fixed with bits CKE1 and
CKEQ in SCR. At thistime, the minimum clock pulse width can be made the specified width.

Figure 13.8 shows the timing for fixing the clock output level. In this example, GM is set to 1,
CKE1l iscleared to 0, and the CKEQ bit is controlled.

Specified pulse width Specified pulse width
SCK 55 | ‘

SCR write SCR write
(CKEO = 0) (CKEO=1)

Figure 13.8 Timing for Fixing Clock Output L evel
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Interrupt Operation

There are three interrupt sources in smart card interface mode: transmit data empty interrupt (TXI)
requests, transfer error interrupt (ERI) requests, and receive data full interrupt (RX1) requests. The
transmit end interrupt (TEI) request is not used in this mode.

When the TEND flagin SSR is set to 1, a TXI interrupt request is generated.
When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERSin SSRis set to 1, an ERI interrupt request is generated.
The relationship between the operating states and interrupt sources is shown in table 13.8.

Table13.8 Smart Card Mode Operating States and Interrupt Sources

Interrupt DTC

Operating State Flag Enable Bit Source Activation
Transmit Mode  Normal TEND TIE TXI Possible

operation

Error ERS RIE ERI Not possible
Receive Mode Normal RDRF RIE RXI Possible

operation

Error PER, ORER RIE ERI Not possible

Data Transfer Operation by DTC

In smart card mode, as with the normal SCI, transfer can be carried out using the DTC. Ina
transmit operation, the TDRE flag is also set to 1 at the same time asthe TEND flag in SSR, and a
TXI interrupt is generated. If the TXI request is designated beforehand as a DTC activation
source, the DTC will be activated by the TXI request, and transfer of the transmit data will be
carried out. When DISEL in DTC is 0 and the transfer counter valueis not 0, the TDRE and
TEND flags are automatically cleared to O when data transfer is performed. If DISEL is 1, or if
DISEL is 0 and the transfer counter value is 0, the DTC writes the transfer datato TDR but does
not clear the flags. Therefore, the flags should be cleared by the CPU. In the event of an error, the
SCI retransmits the same data automatically. The TEND flag remains cleared to O during thistime,
and the DTC is not activated. Thus, the number of bytes specified by the SCI and DTC are
transmitted automatically even in retransmission following an error. However, the ERS flag is not
cleared automatically when an error occurs, and so the RIE bit should be set to 1 beforehand so
that an ERI request will be generated in the event of an error, and the ERS flag will be cleared.
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When performing transfer using the DTC, it is essential to set and enable the DTC before carrying
out SCI setting. For details of the DTC setting procedures, see section 7, Data Transfer Controller
(DTC).

In areceive operation, an RXI interrupt request is generated when the RDRF flag in SSR is set to
1. If the RXI request is designated beforehand as a DTC activation source, the DTC will be
activated by the RXI request, and transfer of the receive datawill be carried out. At thistime, the
RDRFflagiscleared to O if DISEL in DTC is 0 and the transfer counter value isnot O. If DISEL
is1, or if DISEL is0 and the transfer counter value is 0, the DTC transfers the receive data but
does not clear the flag. Therefore, the flag should be cleared by the CPU. If an error occurs, an
error flag is set but the RDRF flag is not. Consequently, the DTC is not activated, but instead, an
ERI interrupt request is sent to the CPU. Therefore, the error flag should be cleared.

13.3.7 Operationin GSM Mode
Switching the M ode

When switching between smart card interface mode and software standby mode, the following
switching procedure should be followed in order to maintain the clock duty.

* When changing from smart card interface mode to software standby mode

[1] Set the data register (DR) and data direction register (DDR) corresponding to the SCK pin to
the value for the fixed output state in software standby mode.

[2] Write O to the TE bit and RE bit in the serial control register (SCR) to halt transmit/receive
operation. At the same time, set the CKEL1 bit to the value for the fixed output state in software
standby mode.

[3] Write 0 to the CKEOQ hit in SCR to halt the clock.
[4] Wait for one serial clock period.
During thisinterval, clock output is fixed at the specified level, with the duty preserved.
[5] Write H'00 to SMR and SCMR.
[6] Make the transition to the software standby state.

* When returning to smart card interface mode from software standby mode
[7] Exit the software standby state.

[8] Set the CKE1 hit in SCR to the value for the fixed output state (current SCK pin state) when
software standby mode isinitiated.

[9] Set smart card interface mode and output the clock. Signal generation is started with the
normal duty.
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Software

Normal operation standby Normal operation
- -~ -~

) ﬂ W

(1] [2] [3] (4] [5] [6] (71 181 [9]

Figure13.9 Clock Halt and Restart Procedure
Powering On
To secure the clock duty from power-on, the following switching procedure should be followed.

[1] Theinitial stateis port input and high impedance. Use a pull-up resistor or pull-down resistor
to fix the potential.

[2] Fix the SCK pin to the specified output level with the CKEL bit in SCR.
[3] Set SMR and SCMR, and switch to smart card mode operation.
[4] Set the CKEO hit in SCR to 1 to start clock output.

13.4  Usage Notes

The following points should be noted when using the SCI as a Smart Card interface.

Receive Data Sampling Timing and Reception Margin in Smart Card Interface Mode

In Smart Card Interface mode, the SCI operates on abasic clock with afrequency of 372 timesthe
transfer rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 186th pulse of
the basic clock. Thisisillustrated in figure 13.10.
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372 clocks

186 clocks
-

0 185 371(0 185 371 0

Internal

basic

clock pEnk il ) =)

Rece L D ()() P ()()

ecelve o Start bit

data (RXD) ||| | o po ( (( b1
Lo )) ))

(( ((
DB )

Synchro-

nization } Lo
sampling 1 (i L
timing I b
Data

sampling { (( (( (
timing ) )] )] ]

Figure13.10 Receive Data Sampling Timing in Smart Card Mode

Thus the reception margin in asynchronous mode is given by the following formula.

1 |D-05]
N

M =] (05— )—(L —05) F— (1+F) | x 100%

Where M: Reception margin (%)
N: Ratio of bit rate to clock (N = 372)
D: Clock duty (D =0to 1.0)
L: Frame length (L = 10)
F: Absolute value of clock frequency deviation

Assuming values of F=0and D = 0.5 in the above formula, the reception margin formulais as
follows.

WhenD =0.5and F=0,

M =(0.5-1/2 x 372) x 100%
= 49.866%
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Retransfer Operations

Retransfer operations are performed by the SCI in receive mode and transmit mode as described
below.

» Retransfer operation when SCI isin receive mode
Figure 13.11 illustrates the retransfer operation when the SCI isin receive mode.

[1] If an error isfound when the received parity bit is checked, the PER bitin SSRis
automatically set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interrupt request is
generated. The PER hit in SSR should be kept cleared to O until the next parity bit is sampled.

[2] The RDRF bit in SSR is not set for aframe in which an error has occurred.
[3] If no error isfound when the received parity bit is checked, the PER bit in SSR isnot set to 1.

[4] If no error isfound when the received parity hit is checked, the receive operation is judged to
have been completed normally, and the RDRF flag in SSR is automatically set to 1. If the RIE
bit in SCR is enabled at thistime, an RXI interrupt request is generated.

If DTC datatransfer by an RXI source is enabled, the contents of RDR can be read
automatically. When the RDR datais read by the DTC, the RDRF flag is automatically cleared
to0if DISEL in DTCis 0 and the transfer counter valueis not 0.

[5] When anormal frame is received, the pin retains the high-impedance state at the timing for
error signal transmission.

Transfer
--———— nth transfer frame ~+—— Retransferred frame frame n+1

-|Ds|Do|D1|D2|D3|D4|D5|D6|D7|Dp|-|D_E,—|Ds|Do|D1|D2|D3|D4|D5|D6|D7|Dp}D—E)|Ds|Do|D1|D2|D3|D4|

RDRF

b kg

PER

b kg

Figure13.11 Retransfer Operation in SCI Receive Mode
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» Retransfer operation when SCI isin transmit mode
Figure 13.12 illustrates the retransfer operation when the SCI is in transmit mode.

[6] If an error signal is sent back from the receiving end after transmission of one frame is
completed, the ERS bit in SSRis set to 1. If the RIE bit in SCR is enabled at thistime, an ERI
interrupt request is generated. The ERS bit in SSR should be kept cleared to O until the next
parity bit is sampled.

[7] The TEND bitin SSR is not set for aframe for which an error signal indicating an abnormality
is received.

[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not set.

[9] If an error signal is not sent back from the receiving end, transmission of one frame, including
aretransfer, isjudged to have been completed, and the TEND bit in SSRisset to 1. If the TIE
bit in SCR is enabled at thistime, a TXI interrupt request is generated.

If datatransfer by the DTC by means of the TXI source is enabled, the next data can be written
to TDR automatically. When datais written to TDR by the DTC, the TDRE bit is
automatically cleared to 0 if DISEL in DTC is 0 and the transfer counter valueis not 0.

Transfer
‘H nth transfer frame HF* Retransferred frame ———» frame n+1

-|DS|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|_5—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|&|Ds pop1jp2lp3lp4

J TDRE |_|

4 Transfer to TSR from TDR 4 Transfer to TSR from TDR 4 Transfer to TSR
; from TDR
TEND :
1y b
FER/ERS
kel kg

Figure13.12 Retransfer Operation in SCI Transmit Mode
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Section 14 A/D Converter

141 Overview

The H8/2245 Group incorporates a successive approximation type 10-bit A/D converter that
allows up to four analog input channels to be selected.

14.1.1 Features
A/D converter features are listed below

» 10-bit resolution
e Four input channels
» Settable analog conversion voltage range

O Conversion of analog voltages with the reference voltage pin (V ) as the analog reference
voltage

» High-speed conversion
O Minimum conversion time: 6.5 us per channel (at 20-MHz operation)
e Choice of single mode or scan mode
O Singlemode: Single-channel A/D conversion
0 Scanmode:  Continuous A/D conversion on 1 to 4 channels
* Four dataregisters
O Conversion results are held in a 16-bit data register for each channel
» Sample and hold function
e Threekinds of conversion start
0 Choice of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin
¢ A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion
¢ Module stop mode can be set

O Astheinitial setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode.
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1412

Block Diagram

Figure 14.1 shows a block diagram of the A/D converter.

Module data bus

Internal data bus

()
o
g
9]
3
2 @
8
AVcc— ™ E
X A|lA|lA|A Al A
) | — E.&U’) = D|D|D|D D| D
Vit —1  10-bit D/A K|{&as|l 1D|D|D|D c|C
02 R|R|[R|R S|R
? A|B|C|D R
AVss — ™1 ]
(8]
>
N
ANO—™>= |  h
o +0\OT—> - I
AN1 —= & 3 ! o8
.ii_; ! ; © Comparator Control circuit
AN2 — 5 : :
s | ‘
Sample-and- la—— @16
AN3 —= hold circuit
[}
ADI
interrupt
ADTRG
Conversion start
trigger from 8-bit
timer or TPU
Legend:
ADCR : A/D control register
ADCSR : A/D control/status register
ADDRA : A/D data register A
ADDRB : A/D data register B
ADDRC : A/D data register C
ADDRD : A/D data register D

Figure14.1 Block Diagram of A/D Converter
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14.1.3 Pin Configuration
Table 14.1 summarizes the input pins used by the A/D converter.

The AV and AV 4 pins are the power supply pinsfor the analog block in the A/D converter. The
V . pinisthe A/D conversion reference voltage pin.

Table14.1 A/D Converter Pins

Pin Name Symbol I/0 Function

Analog power supply pin AV . Input Analog block power supply

Analog ground pin AV Input Analog block ground and A/D conversion
reference voltage

Reference voltage pin V. Input A/D conversion reference voltage

Analog input pin 0 ANO Input Analog input channel 0

Analog input pin 1 AN1 Input Analog input channel 1

Analog input pin 2 AN2 Input Analog input channel 2

Analog input pin 3 AN3 Input Analog input channel 3

AID external trigger input pin ADTRG Input External trigger input for starting A/D
conversion
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1414 Register Configuration

Table 14.2 summarizes the registers of the A/D converter.

Table14.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address*!
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL R H'00 H'FF97
A/D control/status register ADCSR R/(W)**  HO00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Bit 7 can only be written with O for flag clearing.
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14.2  Register Descriptions

1421 A/D Data Registers A to D (ADDRA to ADDRD)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD?‘ADG‘ADS‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

There are four 16-hit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selected
channel and stored there. The upper 8 bits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits5to 0 are always read as 0.

The correspondence between the analog input channels and ADDR registersis shown in table
14.3.

ADDR can aways be read by the CPU. The upper byte can be read directly, but for the lower
byte, data transfer is performed via atemporary register (TEMP). For details, see section 14.3,
Interface to Bus Master.

The ADDR registers are initialized to H'0000 by areset, and in standby mode or module stop
mode.

Table14.3 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
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14.2.2  A/D Control/Status Register (ADCSR)

Bit : 7 6 5 4 3 2 1 0

‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ — ‘ CH1 ‘ CHO ‘
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 to bit 7, to clear this flag.

ADCSR is an 8-hit readabl e/writable register that controls A/D conversion operations and shows
the status of the operation.

ADCSR isinitialized to H'00 by areset, and in hardware standby mode or modul e stop mode.

Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7
ADF Description
0 [Clearing conditions] (Initial value)

e When 0 is written to the ADF flag after reading ADF = 1
¢ When the DTC* is activated by an ADI interrupt and ADDR is read

1 [Setting conditions]
¢ Single mode: When A/D conversion ends

e Scan mode: When A/D conversion ends on all specified channels

Note: * The flag is cleared only when DISEL in DTC is 0 and the transfer counter value is not 0.

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

FDescription

0 A/D conversion end interrupt (ADI) request disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping on A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

WDescription

0 « A/D conversion stopped (Initial value)
1 « Single mode: A/D conversion is started. Cleared to 0 automatically when

conversion on the specified channel ends

e Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to 0 by software, a reset, or
a transition to standby mode or module stop mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 14.4, Operation, for single mode and scan mode operation. Only set the SCAN
bit while conversion is stopped (ADST = 0).

Bit 4

WDescription

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKYS): Setsthe A/D conversion time. Only change the conversion time
while conversion is stopped (ADST = 0).

Set the conversion time to avalue equal to or greater than the conversion time indicated in section
19.5, A/D Conversion Characteristics.

Bit 3

rDescription

0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bit 2—Reserved: This bit can be read or written, but should only be written with O.
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Bits 1 and 0—Channel Select 1 and 0 (CH1, CHO): Together with the SCAN bit, these bits
select the analog input channel(s).

Only set the input channel while conversion is stopped.

Bit 1 Bit 0 Description
CH1 CHO Single Mode (SCAN = 0) Scan Mode (SCAN =1)
0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3

14.23 A/D Control Register (ADCR)

Bit : 7 6 5 4 3 2 1 0
‘TResi|TResO | — | — | — | — | — | — |

Initial value : 0 0 1 1 1 1 1 1

R/W : R/W R/W — — — — — —

ADCR isan 8-hit readabl e/writable register that enables or disables external triggering of A/D
conversion operations.

ADCRisinitialized to H'3F by areset, and in hardware standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGSL, TRGS0): Select enabling or disabling of
the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGS0 while conversion
is stopped.

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 Start of A/D conversion by external trigger is disabled (Initial value)
1 Start of A/D conversion by external trigger (TPU) is enabled

1 0 Start of A/D conversion by external trigger (8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is enabled

Bits 5 to 0—Reserved: These bits are reserved; they are always read as 1 and cannot be modified.
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1424 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/IW R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode contral.

When the MSTP9 bit in MSTPCR is set to 1, A/D converter 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 18.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 9—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

Bit 9

WDescription

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)

Rev.3.00 Mar. 26, 2007 Page 511 of 772
REJ09B0355-0300
RENESAS



Section 14 A/D Converter

14.3 Interfaceto Bus Master

ADDRA to ADDRD are 16-hit registers, and the data bus to the bus master is 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed via atemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byteisread, the upper byte
valueistransferred to the CPU and the lower byte value istransferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR. aways read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 14.2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ) Bus interface

(H'AA)
TEMP
(H'40)
ADDRnNH ADDRnNL
(HAA) (H40) (n=AtoD)

Lower byte read

Bus master ) Module data bus
<4mmmm) Bus interface

(H'40)
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Figure 14.2 ADDR Access Operation (Reading H' AA40)
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144  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes:. single mode and scan mode.

1441 Single Mode (SCAN =0)

Single mode is selected when A/D conversion is to be performed on a single channel only. A/D
conversion is started when the ADST bit is set to 1, according to the software or external trigger
input. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to 0
when conversion ends.

On completion of conversion, the ADF flagis set to 1. If the ADIE bit isset to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O after reading ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
14.3 shows atiming diagram for this example.

[1] Single mode is selected (SCAN = 0), input channel AN1 isselected (CH1 =0, CHO = 1), the
A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

[2] When A/D conversion is completed, the result is transferred to ADDRB. At the same time the
ADFflagissetto 1, the ADST bitiscleared to 0, and the A/D converter becomesidle.

[3] Since ADF =1 and ADIE =1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the connection result (ADDRB).

[7] Execution of the A/D interrupt handling routine ends. After that, if the ADST bitissetto 1,
A/D conversion starts again and steps [2] to [ 7] are repeated.
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| Set*
ADIE A/D—I =
c»? ”¥9rsion | Set  Ser
ADST e }
\/{ | Clear* iclear*

ADF 3 /
State of channel 0 (ANO) idle [ /
State of channel 1 (AN1) [ Idle [AID conversion TN Idle [ 4D conversion 24, bl
State of channel 2 (AN2) | Idle \l \
State of channel 3 (AN3) [ Idle / /

/

*

ADDRA [ [

| Read conversion result*\ | Read conversion result
ADDRB X A/D conversion result 1 X A/D conversion result 2
ADDRC
ADDRD

Note: * Vertical arrows ( | ) indicate instructions executed by software.

Figure 14.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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1442  Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit isset to 1 by a software, timer or external trigger input, A/D conversion starts on the
first channel in the group (ANO). When two or more channels are selected, after conversion of the
first channel ends, conversion of the second channel (AN1) starts immediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared to 0. The conversion
results are transferred for storage into the ADDR registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 14.4 shows atiming diagram for this example.

[1] Scan modeis selected (SCAN = 1), analog input channels ANO to AN2 are selected (CH1 =1,
CHO = 0), and A/D conversion is started (ADST = 1)

[2] When A/D conversion of the first channel (ANO) is completed, the result istransferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANOQ) starts again. If the ADIE bit isset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps[2] to [4] arerepeated as long asthe ADST bit remains set to 1. When the ADST hit is
cleared to O, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANO).
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Continuous A/D conversion execution

|
i Set*! | Clear!
ADST *1
| Clear
ADF L
A/D conversion time
<
State of channel 0 (ANO) [ Idle [ A/D conversion 1§ Idle JAID conversion 44, [ Idle ]
State of channel 1 (AN1) [ Idle YJA/D conversion 2 ICQF YAID conversion 5*2___Idle ]
State of channel 2 (AN2) | Idle YA/D conversion 3 Idle |
State of channel 3 (AN3) [ I Tdle | ]
\ Transfer / /
ADDRA X A/D conversion result 1 X__AJD conversion result 4
ADDRB X | AJD conversion result 2
ADDRC X A/D conversion result 3
ADDRD

Notes: 1. Vertical arrows ( }) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 14.4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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1443 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 14.5 shows the A/D
conversion timing. Table 14.4 indicates the A/D conversion time.

Asindicated in figure 14.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the rangesindicated in table 14.4.

In scan mode, the values given in table 14.4 apply to the first conversion time. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

o |

Address bus

A%[,\
N =

Write signal

Input sampling
timing 0
ADF
((
)7
to tspL
tcony
Legend:
(1) : ADCSR write cycle
(2) : ADCSR address
tp : A/D conversion start delay
tsp : Input sampling time

tcony : A/D conversion time

Figure14.5 A/D Conversion Timing
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Table14.4 A/D Conversion Time (Single Mode)

CKS =0 CKS=1
Item Symbol Min Typ Max Min Typ Max
A/D conversion start delay t, 10 — 17 6 — 9
Input sampling time e, — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are the number of states.

14.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGS0 bitsare setto 11 in
ADCR, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG pin sets
the ADST bitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same asif the ADST bit has been set to 1 by software. Figure 14.6 shows the

timing.

Internal trigger signal

ADST

A/D conversion

>
[

Figure14.6 External Trigger Input Timing
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145 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

The DTC can be activated by an ADI interrupt. Having the converted dataread by the DTC in
response to an ADI interrupt enables continuous conversion to be achieved without imposing a
load on software.

The A/D converter interrupt source is shown in table 14.5.

Table14.5 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation

ADI Interrupt due to end of conversion Possible

146  Usage Notes

The following points should be noted when using the A/D converter.

Module Stop Mode Setting

Operation of the A/D converter can be disabled or enabled using the module stop control register.
The initial setting isfor operation of the A/D converter to be halted. Register access is enabled by
clearing module stop mode. For details, see section 18, Power-Down Modes.

Setting Range of Analog Power Supply and Other Pins

(1) Analog input voltage range
The voltage applied to analog input pins ANO to AN3 during A/D conversion should bein the
range AV < ANN<S AV .

(2) Relation between AV ., AV and V., Vg

Asthe relationship between AV ., AV and V, Vg, set AV = V. If the A/D converter is
not used, the AV . and AV . pins must on no account be |eft open.

(3) V,, input range
The analog reference voltage input &t the V , pin set in therange V , < AV ..

Note: If conditions (1), (2), and (3) above are not met, the reliability of the device may be
adversely affected.
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Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN3), analog
reference power supply (V ), and analog power supply (AV ) by the analog ground (AV ). Also,
the analog ground (AV ) should be connected at one point to a stable digital ground (V) on the
board.

Notes on Noise Counter measur es

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN3) and anal og reference power supply (V) should be
connected between AV . and AV  as shown in figure 14.7.

Also, the bypass capacitors connected to AV . and V , and the filter capacitor connected to ANO
to AN3 must be connected to AV .

If afilter capacitor is connected as shown in figure 14.7, the input currents at the analog input pins
(ANO to AN3) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(R,), an error will arisein the analog input pin voltage. Careful consideration is therefore required
when deciding the circuit constants.
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ANO to AN3

AVsg

/\_/

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rjn: Input impedance

Figure14.7 Exampleof Analog Input Protection Cir cuit

Table14.6 Analog Pin Specifications

Iltem Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * WhenV_=4.0Vto55Vand@<12 MHz

10 kQ

ANO to To A/ID
AN3 AR converter
I 20 pF

Note: Values are reference values.

Figure14.8 Analog Input Pin Equivalent Circuit
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A/D Conversion Precision Definitions

H8S/2245 Group A/D conversion precision definitions are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 14.10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 14.10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 14.9).

Nonlinearity error

The error with respect to theideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

Absolute precision

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —
H'3FF |- characteristic
H'3FE |-
— L Quantization error
H'001 [~ J
H'000 | | | {6 | | |
1 2 1022 1023
1024 1024 1024 1024
Analog
input voltage
Figure14.9 A/D Conversion Precision Definitions (1)

Digital output

Full-scale error

Ideal A/D conversion /
characteristic K

Nonlinearity
v error

/
/

/
/

-—~— Actual A/D conversion
" characteristic

/

L

Offset error

FS

Analog
input voltage

Figure14.10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source Impedance

H8S/2245 Group analog input is designed so that conversion precision is guaranteed for an input
signal for which the signal source impedance is 10 kQ or less. This specification is provided to
enable the A/D converter's sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it
may not be possible to guarantee the A/D conversion precision.

However, if alarge capacitance is provided externally, the input load will essentially comprise
only theinternal input resistance of 10 kQ, and the signal source impedance isignored.

However, since alow-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with alarge differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.

Influences on Absolute Precision

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND such as
AV
Careisalso required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

H8/2245 Group
A/D converter

Sensor output equivalent circuit

impedance
Up to 10 kQ 10 kQ

Sensor input ——AAA l .
Cin = l

i Low-pass . ‘ L
! filter ;E ; 15pF J; J;
1 Cto 0.1 yF :

.......................

20 pF

Note: Values are reference values.

Figure14.11 Example of Analog Input Cir cuit
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Section 15 RAM

15.1 Overview

The H85/2246, H8S/2244, and H8S/2242 have 8 kbytes of on-chip high-speed static RAM, and
the H8S/2245, H85/2243, H8S/2241, and H85/2240 have 4 kbytes. The on-chip RAM is
connected to the CPU by a 16-bit data bus, enabling both byte data and word data to be accessed
in one state. This makes it possible to perform fast word data transfer.

The on-chip RAM on the H85/2246, H8S/2244, and H85/2242 is|ocated in addresses H'E400 to
H'FBFF (6 kbytes) in normal mode (modes 1 to 3), and in addresses H'FFDCOQ0 to H'FFFBFF (8
kbytes) in advanced mode (modes 4 to 7).

The on-chip RAM on the H85/2245, H85/2243, H8S5/2241, and H8S/2240 is |ocated in addresses
H'ECOO0 to H'FBFF (4 kbytes) in norma mode (modes 1 to 3), and in addresses H'FFECO0 to
H'FFFBFF (4 kbytes) in advanced mode (modes 4 to 7).

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).
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15.1.1 Block Diagram

Figure 15.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'FFDCO0 H'FFDCO1
H'FFDC02 H'FFDCO3
H'FFDCO4 H'FFDCO5
H'FFFBFE H'FFFBFF

Figure15.1 Block Diagram of RAM (Example with H85/2246 in Advanced M ode)

15.1.2 Register Configuration

The on-chip RAM is controlled by SY SCR. Table 15.1 shows the register configuration.

Table15.1 Register Configuration

Name Abbreviation

R/W

Initial Value

Address*

System control register SYSCR

R/W

H'01

H'FF39

Note: * Lower 16 bits of the address.
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152 Register Descriptions

1521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ INTM1 ‘ INTMO ‘ NMIEG ‘ — ‘ — ‘ RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W — — R/W

The on-chip RAM is enabled or disabled by the RAME bit in SY SCR. For details of other bitsin
SY SCR, see section 3.2.2, System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is 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: Do not clear the RAME bit to 0 when the DTC is used.

15.3 Operation

When the RAME bit is set to 1, accesses to H85/2246, H85/2244, and H85/2242 addresses
H'FFDCOO0 to H'FFFBFF, and H8S/2245, H85/2243, H8S/2241, and H8S/2240 addresses
H'FFECOQ0 to H'FFFBFF, are directed to the on-chip RAM. When the RAME bit is cleared to 0,
the off-chip address space is accessed.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written to
and read in byte or word units. Each type of access can be performed in one state.

Even addresses use the upper 8 hits, and odd addresses use the lower 8 bits. Word data must start
at an even address.
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Section 16 ROM

16.1 Overview

The H85/2246 and H8S/2245 have 128 kbytes of on-chip ROM (PROM or mask ROM). The
H8S5/2244 and H85/2243 have 64 kbytes of on-chip ROM (mask ROM). The H85/2242 and
H8S5/2241 have 32 kbytes of on-chip ROM (mask ROM). The ROM is connected to the CPU by a
16-bit data bus. The CPU accesses both byte data and word data in one state, making possible
rapid instruction fetches and high-speed processing.

The on-chip ROM is enabled or disabled by setting the mode pins (MD,, MD,, and MD,) and bit
EAE in BCRL.

The PROM version of the H85/2245 Group (H8S/2246) can be programmed with a general-
purpose PROM programmer, by setting PROM mode.
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16.1.1 Block Diagram

Figure 16.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003

N
H'0OFFFE H'OOFFFF
H'010000 H'010001
H'010002 H'010003 When EAE= 0
H'O1FFFE HO1FFFF

~

Figure16.1 Block Diagram of ROM (Example with H85/2246 and H85/2245 in Modes 6, 7)

16.1.2 Register Configuration
The on-chip ROM is controlled by BCRL. The register configuration is shown in table 16.1.

Table16.1 Register Configuration

Initial Value
Name Abbreviation R/W Power-On Reset Manual Reset Address*
Bus control register L  BCRL R/W  H3C Retained H'FED5

Note: * Lower 16 bits of the address.
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16.2 Register Descriptions

16.2.1 BusControl Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0

‘ BRLE ‘BREQOE‘ EAE ‘ — ‘ — ‘ ASS ‘ — ‘ WAITE ‘
Initial value : 0 0 1 1 1 1 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRL is an 8-hit readable/writable register that performs selection of the external bus release state
protocol, selection of the area partition unit, and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

Enabling or disabling of part of the on-chip ROM area can be selected by means of the EAE bit in
BCRL. For details of the other bitsin BCRL, see section 6.2.5, Bus Control Register L (BCRL).

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'01FFFF are
to beinternal addresses or external addresses.

This setting isinvalid in normal mode.

Bit 5

EAE Description

0 Addresses H'010000 to H'O1FFFF are in on-chip ROM (in the H8S/2246 and
H8S/2245) or a reserved area* (in the H8S/2244, H8S/2243, H8S/2242, and
H8S/2241).

1 Addresses H'010000 to H'O1FFFF are external addresses (external expansion mode)
or a reserved area* (single-chip mode). (Initial value)

Note: * Reserved areas should not be accessed.
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16.3  Operation

The on-chip ROM is connected to the CPU by a 16-hit data bus, and both byte and word data can
be accessed in one state. Even addresses are connected to the upper 8 bits, and odd addresses to
the lower 8 bits. Word data must start at an even address.

The on-chip ROM is enabled and disabled by setting the mode pins (MD,, MD,, and MD,) and bit
EAE in BCRL. These settings are shown in table 16.2.

In the H8S/2246, H8S/2245, H8S/2244, and H8S/2243 normal mode, a maximum of 56 kbytes of
ROM can be used.

Table16.2 Operating Modesand ROM Area

Mode Pin Setting BCRL On-Chip ROM
H8S/2246 and H8S/2244 and H8S/2242 and
Operating Mode MD, MD, MD, EAE H8S/2245 H8S/2243 H8S/2241
Mode 1 Normal expanded 0 0 1 — Disabled Disabled Disabled
mode with on-chip
ROM disabled
Mode 2 Normal expanded 1 0 — Enabled Enabled Enabled
mode with on-chip (56 kbytes) (56 kbytes) (32 kbytes)
ROM enabled
Mode 3 Normal single-chip 1
mode
Mode 4 Advanced expanded 1 0 0 — Disabled Disabled Disabled
mode with on-chip
ROM disabled
Mode 5 Advanced expanded 1
mode with on-chip
ROM disabled
Mode 6 Advanced expanded 1 0 0 Enabled Enabled Enabled
mode with on-chip (128 kbytes) (64 kbytes) (32 kbytes)
ROM enabled 1 Enabled
(64 kbytes)
Mode 7 Advanced single-chip 1 0 Enabled
mode (128 kbytes)
1 Enabled

(64 kbytes)

In H8S/2246 and H85/2245 modes 6 and 7, the on-chip ROM available after a power-on reset is
the 64-kbyte area comprising addresses H'000000 to H'00FFFF.
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164 PROM Mode

16.41 PROM Mode Setting

The PROM version of the H8S/2245 Group suspends its microcontroller functions when placed in
PROM mode, enabling the on-chip PROM to be programmed. This programming can be done
with a PROM programmer set up in the same way as for the HN27C101 EPROM (V. = 12.5V).
Use of a 100-pin/32-pin socket adapter enables programming with acommercial PROM
programmer.

Note that the PROM programmer should not be set to page mode as the H8S/2245 Group does not
support page programming.

Table 16.3 shows how PROM mode is selected.

Table16.3 Selecting PROM Mode

Pin Names Setting
MD,, MD_, MD, Low
STBY

PA,, PA, High

16.4.2 Socket Adapter and Memory Map

Programs can be written and verified by attaching a 100-pin/32-pin socket adapter to the PROM
programmer. Table 16.4 gives ordering information for the socket adapter, and figure 16.2 shows
the wiring of the socket adapter. Figure 16.3 shows the memory map in PROM mode.
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H8S/2245 Group

EPROM socket

HN27C101
FP-100B, TFP-100B Pin Pin (32 Pins)
62 RES Vpp 1
23 PDg EQq 13
24 PD; EO, 14
25 PD, EO, 15
26 PD3 EO3 17
27 PD, EO, 18
28 PDg EOg 19
29 PDg EOg 20
30 PD; EO, 21
32 PCq EAq 12
33 PC, EA; 11
34 PCy EA, 10
35 PCs EAz 9
36 PCy EA4 8
37 PCg EA5 7
38 PCgq EAg 6
39 PC, EA; 5
41 PBgy EAg 27
63 NMI EAg 26
43 PB, EAqg 23
44 PB;3 EA11 25
45 PB4 EAL» 4
46 PBg EA13 28
47 PBg EA14 29
48 PB; EAss 3
50 PAy EAsg 2
74 PF, CE 22
42 PB; OE 24
75 PF, PGM 31
40, 65, 98 Vee Vee 32
7 AVcee
78 Vref
51 PA;
52 PA,
7,18,31 Vgs Vgs 16
49, 68, 84
83 AVgg
64 STBY Legend:
57 MDg Vpp : Programming power
58 MD, suppl_y 12.5V)
EO; to EQy : Data input/output
61 MD, EA1g to EAq : Address input
% : Output enable
C : Chip enable
Note: Pins not shown in this figure should be left open. PGM : Program

Figure16.2 Wiring of 100-Pin/32-Pin Socket Adapter
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Table16.4 Socket Adapter

Microcontroller Package Socket Adapter
H8S/2246 100 pin QFP (FP-100B) HS2245ESHS1H
100 pin TQFP (TFP-100B) HS2245ESNS1H
Addresses in Addresses in
MCU mode PROM mode
H'000000 H'00000
On-chip PROM
H'01FFFF H'1FFFF

Figure16.3 Memory Map in PROM Mode
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16,5 Programming

1651 Overview
Table 16.5 shows how to select the program, verify, and program-inhibit modesin PROM mode.

Table16.5 Mode Selection in PROM Mode

Pins
Mode PGM Vv, V. EO,toEO, EA, to EA,
Program V.., V. Data input Address input
Verify V.., V. Data output Address input
Program-inhibit Voo Ve High impedance Address input

m
T|lr|xz| || T o|
m
T|r|z|- ||| O

Legend:

L: Low voltage level
H: High voltage level
V... V,, voltage level
V. V. voltage level

Programming and verification should be carried out using the same specifications as for the
standard HN27C101 EPROM.

However, do not set the PROM programmer to page mode does not support page programming. A
PROM programmer that only supports page programming cannot be used. When choosing a
PROM programmer, check that it supports high-speed programming in byte units. Always set
addresses within the range H'00000 to H'1FFFF.

16.5.2 Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure writes data quickly without subjecting the chip to voltage stress or sacrificing data
reliability. It leaves the data H'FF in unused addresses. Figure 16.4 shows the basic high-speed
programming flowchart. Tables 16.6 and 16.7 list the electrical characteristics of the chip during
programming. Figure 16.5 shows atiming chart.
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Set programming/
verification mode
Vec=6.0V +0.25V,
Vpp=125V 0.3V

1

Address =0

A

Address + 1 - address

Set read mode

Vee =5.0V £0.25 V
Vep = Vee

Figure16.4 High-Speed Programming Flowchart
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Table16.6 DC Characteristicsin PROM Mode (Preliminary)
WhenV =60V £025V,V_ =125V £0.3V,V =0V, T,=25°C £5°C
Test

Item Symbol Min Typ Max Unit Conditions
Input high voltage  EO, to EQ,, EA,, V. 24 — V,.+03 V

to EA,, OE, CE,

PGM
Input low voltage ~ EO, to EQ,, EA | V. -03 — 0.8 \

to EA,, OE, CE,

PGM
Output high voltage EO, to EO, Vi 24 — — \ lon =—200 pA
Output low voltage EO, to EO, V. — — 0.45 \ l,,=1.6 mA
Input leakage EO,to EO,, EA [1.] — — 2 HA V=
current to EA,, OE, CE, 5.25V/0.5V

PGM
V.. current lee — — 40 mA
V., current I — — 40 mA

PP
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Table16.7 AC Characteristicsin PROM Mode (Preliminary)
WhenV_=6.0V 025V, V=125V 0.3V, T,=25°C +5°C
Test
Item Symbol Min  Typ Max Unit Conditions
Address setup time te 2 — — us Figure 16.5**
OE setup time toes 2 —  —  us
Data setup time ts 2 — — us
Address hold time [ 0 — — ps
Data hold time to, 2 — — us
Data output disable time t *? —  — 130 ns
V., setup time tos 2 — — us
Programming pulse width tow 0.19 0.20 0.21 ms
PGM pulse width for overwrite programming too 019 — 525 ms
V. setup time tes 2 — — us
CE setup time (. 2 — —  us
Data output delay time toe 0 — 150 ns

Notes: 1. Input pulse level: 0.8 Vto 2.2V
Input rise time and fall time < 20 ns
Timing reference levels; Input: 1.0 V, 2.0 V;
Output: 0.8V, 2.0V

2. t is defined to be when output has reached the open state, and the output level can no

longer be referenced.

t.. is defined by the value shown in the flowchart.
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Figure16.5 PROM Programming/Verification Timing

* topw IS defined by the value shown in the flowchart.

Note:
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16.5.3  Programming Precautions

Program using the specified voltages and timing.
The programming voltage (V) in PROM modeis12.5 V.
If the PROM programmer is set to Renesas Technology HN27C101 specifications, V., will be

12.5V. Applied voltagesin excess of the specified values can permanently destroy the MCU.
Be particularly careful about the PROM programmer's overshoot characteristics.

Before programming, check that the MCU is correctly mounted in the PROM programmer.
Overcurrent damage to the MCU can result if theindex marks on the PROM programmer,
socket adapter, and MCU are not correctly aligned.

Do not touch the socket adapter or MCU while programming. Touching either of these can
cause contact faults and programming errors.

The MCU cannot be programmed in page programming mode. Select the programming mode
carefully.

The size of the PROM is 128 kbytes. Always set addresses within the range H'00000 to
H'1FFFF. During programming, write H'FF to unused addressesto avoid verification errors.
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16.5.4 Réliability of Programmed Data

An effective way to assure the data retention characteristics of the programmed chipsisto bake
them at 150°C, then screen them for data errors. This procedure quickly eliminates chips with
PROM cells proneto early failure.

Figure 16.6 shows the recommended screening procedure.

Program chip and verify data

Y
Bake chip for 24 to 48 hours at
125°C to 150°C with power off

/

Read and check program

Y

( Mount )

Figure 16.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer is being used, stop
programming and check the PROM programmer and socket adapter for defects.

Please inform Renesas of any abnormal conditions noted during or after programming or in
screening of program data after high-temperature baking.
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Section 17 Clock Pulse Generator

171  Overview

The H85/2245 Group has a built-in clock pulse generator (CPG) that generates the system clock

(@), the bus master clock, and internal clocks.

The clock pulse generator consists of an oscillator circuit, a duty adjustment circuit, a medium-
speed clock divider, and a bus master clock selection circuit.

17.1.1  Block Diagram

Figure 17.1 shows a block diagram of the clock pulse generator.

SCKCR

EXTAL —

XTAL —

Oscillator
circuit

Duty
adjustment
circuit

Medium-
speed
divider

@2 to @32

SCK2 to SCKO

System clock to @ pin

Internal clock

Bus master
clock
selection
circuit

Bus master clock

to supporting modules  to CPU and DTC

Figure17.1 Block Diagram of Clock Pulse Generator
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17.1.2

Register Configuration

The clock pulse generator is controlled by SCKCR and LPWCR. Table 17.1 shows the register

configuration.

Table17.1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address*
System clock control register SCKCR R/W H'00 H'FF3A
Low power control register LPWCR R/W H'00 H'FF44
Note: * Lower 16 bits of the address.
17.2  Register Descriptions
17.21 System Clock Control Register (SCKCR)
Bit : 7 5 4 3 2 1 0
‘ PSTOP ‘ — ‘ — ‘ — ‘ — ‘ SCK2 ‘ SCK1 ‘ SCKO ‘
Initial value: 0 0 0 0 0 0 0
R/W R/W — — — R/W R/W R/W

SCKCR is an 8-bit readable/writable register that performs ¢ clock output control and medium-

speed mode control.

SCKCRisinitialized to H'00 by areset and in hardware standby mode. It is not initialized in

software standby mode.

Bit 7—@ Clock Output Disable (PSTOP): Controls ¢ output.

Description
Bi”— Software Hardware
PSTOP Normal Operation Sleep Mode Standby Mode Standby Mode
0 @output (initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
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Bit 6—Reserved: Thisbit can be read or written to, but only 0 should be written.
Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2 to 0—System Clock Select 2 to 0 (SCK2 to SCKO0): These bits select the clock for the bus
master.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is @2
1 0 Medium-speed clock is @4
1 Medium-speed clock is ¢/8
1 0 0 Medium-speed clock is ¢/16
1 Medium-speed clock is @32
1 — P

17.22 Low Power Control Register (LPWCR)

Bit : 7 6 5 4 3 2 1 0
= —eecur| — [ - | - = - |

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

LPWCR isan 8-hit readable/writable register that controls the oscillator's built-in feedback
resistor when using external clock input.

LPWCR isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 6 and 7—Reserved: These bits can be read or written to, but do not affect operation.

Bit 5—Built-in Feedback Resistor Control (RFCUT): Selects whether the oscillator's built-in
feedback resistor and duty adjustment circuit are used with external clock input. Do not access this
bit when a crystal oscillator is used.

When an external clock isinput, atemporary transition should be made to software standby mode
after setting this bit. When software standby mode is entered, it is possible to select use or non-use
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of the oscillator's built-in feedback resistor and duty adjustment circuit. Software standby mode
should then be exited by means of an external interrupt.

Bit 5
RFCUT Description

0 Oscillator's built-in feedback resistor and duty adjustment circuit are used
(Initial value)
1 Oscillator's built-in feedback resistor and duty adjustment circuit are not used

Bits 4 to 0—Reserved: These bits can be read or written to, but do not affect operation.

17.3 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

17.3.1  Connecting a Crystal Resonator

Circuit Configuration

A crystal resonator can be connected as shown in the examplein figure 17.2. Select the damping
resistance R, according to table 17.2. An AT-cut parallel-resonance crystal should be used.

CLl
EXTAL T | i

—
XTAL 4W\,L| }—77|T
| Rq Cio

C.1=Ci,=1010 22 pF

Figure17.2 Connection of Crystal Resonator (Example)

Table17.2 Damping Resistance Value

Frequency (MHz) 2 4 8 12 16 20

R, (Q) 1Kk 500 200 0 0 0
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Crystal resonator

Figure 17.3 shows the equivalent circuit of the crystal resonator. Use a crystal resonator that has
the characteristics shown in table 17.3 and the same resonance frequency as the system clock (¢).

Co
| F——W
L Rs
XTAL — EXTAL
||
Co AT-cut parallel-resonance type

Figure 17.3 Crystal Resonator Equivalent Cir cuit

Table17.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 12 16 20
R, max (Q) 500 120 80 60 50 40
C, max (pF) 7 7 7 7 7 7

Note on Board Design

When acrystal resonator is connected, the following points should be noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from

interfering with correct oscillation. See figure 17.4.

When designing the board, place the crystal resonator and its load capacitors as close as possible

tothe XTAL and EXTAL pins.

Avoid Signal A Signal B
CL | | H8S/2245
[ : :
XTAL

e \

77‘7_ — i

5 | T : : EXTAL
CLZI.

Figure17.4 Example of Incorrect Board Design
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17.3.2 External Clock Input

Circuit Configuration

An external clock signal can be input as shown in the examplesin figure 17.5. If the XTAL pinis
left open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock is held high in standby mode.

EXTAL J_|_|_|_|_|_ External clock input

XTAL Open

(@) XTAL pin left open

EXTAL ; J_|_|_|_|_|_ External clock input
XTAL

(b) Complementary clock input at XTAL pin

Figure17.5 External Clock Input (Examples)
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External Clock
The external clock signal should have the same frequency as the system clock (¢).
Table 17.4 and figure 17.6 show the input conditions for the external clock.

Table17.4 External Clock Input Conditions

V=27V V_ =27V V_ =50V

to55V to 5.5 Vv* *10%
Item Symbol Min Max Min Max Min Max Unit Test Conditions
External clock  t_ 40 — 30 — 20 — ns Figure 17.6
input pulse
width low level
External clock  t_,, 40 — 30 — 20 — ns
input pulse
width high level
External clock  t_, — 10 — 7.5 — 5 ns
rise time
External clock  t_ — 10 — 7.5 — 5 ns
fall time
Clock pulse t., 04 06 04 06 04 06 t, @=25MHz Figure
width low level 80 — 80 — 80 — ns  @<5MHz 194
Clock pulse t., 04 06 04 06 04 06 t, ©=25MHz
width high level 80 — 80 — 80 — ns @<5MHz

Note: * Does not apply to the HD6472246.

Table 17.5 and figure 17.6 show the external clock input conditions when the duty adjustment
circuit is not used. When the duty adjustment circuit is not used, the @ output waveform depends
on the external clock input waveform, and therefore no specifications are provided.
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Table17.5 External Clock Input Conditionswhen Duty Adjustment Circuit IsNot Used

V=27V V_ =27V V_ =50V

to5.5V to 5.5 Vv* +10%
Item Symbol Min Max Min  Max Min  Max Unit Test Conditions
External clock  t_ 50 — 375 — 25 — ns Figure 17.6
input pulse
width low level
External clock  t_, 50 — 375 — 25 — ns
input pulse
width high level
External clock  t_, — 10 — 7.5 — 5 ns
rise time
External clock  t_, — 10 — 7.5 — 5 ns
fall time

Notes: When the duty adjustment circuit is not used, the maximum operating frequency falls

according to the input waveform.
(Example: Whent_, =t =25nsandt =t =5 ns, the clock cycle time = 60 ns, and
therefore the maximum operating frequency = 16.7 MHz.)

*  Does not apply to the HD6472246.

texH texL

EXTAL

Figure17.6 External Clock Input Timing

Rev.3.00 Mar. 26, 2007 Page 550 of 772
REJ09B0355-0300
RENESAS



Section 17 Clock Pulse Generator

Note on External Clock Switchover

When using two or more external clocks (e.g. 10 MHz and 32 kHz), input clock switchover should
be carried out in software standby mode.

A sample external clock switching circuit is shown in figure 17.7, and sample external clock
switchover timing in figure 17.8.

H8S/2245

External clock switchover request

Port output

Control External interrupt signal

circuit

External interrupt

v

External clock switchover signal

External clock 1

EXTAL

Selector

External clock 2

Figure17.7 Sample External Clock Switching Cir cuit
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Figure 17.8 Sample External Clock Switchover Timing
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17.4  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock (¢).

175 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate @2, ¢4, @/8, ¢/16, and ¢/32.

17.6 BusMaster Clock Selection Circuit

The bus master clock selection circuit selects the system clock (¢) or one of the medium-speed
clocks (¢/2, @/4, @/8, ¢/16, and @/32) to be supplied to the bus master, according to the settings of
the SCK2 to SCKO bhitsin SCKCR.

17.7  Noteon Crystal Resonator

As various characteristics related to the crystal resonator are closely linked to the user's board
design, thorough evaluation is necessary on the user's part, using the resonator connection
examples shown in this section as a guide. As the resonator circuit ratings will depend on the
floating capacitance of the resonator and the mounting circuit, the ratings should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the oscillator pin.
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Section 18 Power-Down Modes

18.1 Overview

In addition to the normal program execution state, the H8S/2245 Group has power-down modesin
which operation of the CPU and oscillator is halted and power dissipation is reduced. L ow-power
operation can be achieved by individually controlling the CPU, on-chip supporting modules, and
so on.

The H85/2245 Group operating modes are as follows:

(1) High-speed mode

(2) Medium-speed mode
(3) Sleep mode

(4) Module stop mode

(5) Software standby mode
(6) Hardware standby mode

Of these, (2) to (6) are power-down modes. Sleep mode is a CPU mode, medium-speed mode is a
CPU and bus master mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). A combination of these modes can be set.

After areset, the H8S/2245 Group isin high-speed mode.

Table 18.1 shows the conditions for transition to the various modes, the status of the CPU, on-chip
supporting modules, etc., and the method of clearing each mode.
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Table18.1 Operating Modes

i iti i CPU Modules
Operating Trans.|t_|on Clear_mg Oscillator 1/0 Ports
Mode Condition | Condition Registers Registers
High speed | Control register Functions [High Functions [High Functions |High speed
mode speed speed
Medium- | Control register Functions [Medium |Functions |[High/ Functions |High speed
speed speed medium
mode speed**
Sleep Instruction | Interrupt Functions |Halted Retained |High Functions |High speed
mode speed
Module Control register Functions |High/ Functions |Halted Retained/ |Retained
stop medium reset*’
mode speed
Software |Instruction |External Halted Halted Retained |Halted Retained/ |Retained
standby interrupt reset*’
mode
Hardware |Pin Halted Halted Undefined |Halted Reset High
standby impedance
mode
Notes: 1. The bus master operates on the medium-speed clock, and other on-chip supporting
modules on the high-speed clock.
2. The SCl and A/D are reset, and other on-chip supporting modules retain their state.

18.1.1 Register Configuration

Power-down modes are controlled by the SBY CR, SCKCR, and MSTPCR registers. Table 18.2
summarizes these registers.

Table 18.2 Power-Down Mode Registers

Name Abbreviation R/W Initial Value Address*
Standby control register SBYCR R/W H'08 H'FF38
System clock control register SCKCR R/W H'00 H'FF3A
Module stop control register H MSTPCRH R/W H'3F H'FF3C
Module stop control register L MSTPCRL R/W H'FF H'FF3D

Note: *

Lower 16 bits of the address.
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18.2 Register Descriptions

18.21 Standby Control Register (SBYCR)

Bit : 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ OPE ‘ — ‘ — ‘ — ‘
Initial value : 0 0 0 0 1 0 0 0
R/W : R/W R/W R/W R/W R/W — — —

SBY CR is an 8-hit readable/writable register that performs software standby mode control.

SBYCRisinitialized to H'08 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Software Standby (SSBY): Specifies a transition to software standby mode. Remains set
to 1 when software standby mode s released by an external interrupt, and a transition is made to
normal operation. The SSBY bit should be cleared by writing O to it.

Bit 7

SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction (Initial value)
1 Transition to software standby mode after execution of SLEEP instruction

Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the time the MCU
waits for the clock to stabilize when software standby mode is cleared by an external interrupt.
With crystal oscillation, refer to table 18.4 and make a selection according to the operating
frequency so that the standby timeis at least 8 ms (the oscillation stabilization time). With an
external clock, any selection can be made.
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Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states

Bit 3—Output Port Enable (OPE): Specifies whether the output of the address bus and bus

in software standby mode.

Bit 3
OPE Description
0 In software standby mode, address bus and bus control signals are high-impedance
1 In software standby mode, address bus and bus control signals retain output state
(Initial value)
Bits 2 to 0—Reserved: Read-only bits, alwaysread as 0.
18.2.2 System Clock Control Register (SCKCR)
Bit : 7 6 5 4 3 2 1 0
‘PSTOP‘ — ‘ — ‘ — ‘ — ‘ SCK2 ‘ SCK1 ‘ SCKO ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W — — — R/W R/W R/W

SCKCR is an 8-hit readable/writable register that performs @ clock output control and medium-
speed mode control.

SCKCRiisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—@ Clock Output Disable (PSTOP): Controls ¢ output.

Description
Bit 7
—— Normal Operating Software Standby Hardware Standby
PSTOP  Mode Sleep Mode Mode Mode
0 @ output (initial value)  @output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bits 6—Reserved: Thisbit can be read or written to, but only 0 should be written.
Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2 to 0—System Clock Select (SCK2 to SCK0): These bits select the clock for the bus
master.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO Description

0 0 0 Bus master in high-speed mode (Initial value)
1 Medium-speed clock is @/2
1 0 Medium-speed clock is @4
1 Medium-speed clock is ¢/8
1 0 0 Medium-speed clock is ¢/16
1 Medium-speed clock is @32
1 — P

18.23 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value : 0 0 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/IW R/W RIW RIW RIW RIW R/IW R/W R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.
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MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 15to 0—Module Stop (M STP 15 to M STP 0): These bits specify module stop mode. See
table 18.3 for the method of selecting on-chip supporting modules.

Bits 15to O

MSTP15 to MSTPO Description

0 Module stop mode cleared
1 Module stop mode set

18.3 Medium-Speed Mode

When the SCK2 to SCKO bitsin SCKCR are set to 1, the operating mode changes to medium-
speed mode at the end of the bus cycle. In medium-speed mode, the CPU operates on the
operating clock (@2, ¢/4, ¢/8, @/16, or ¢/32) specified by the SCK2 to SCKO bits. The bus masters
other than the CPU (DTC) also operate in medium-speed mode. On-chip supporting modules other
than the bus masters always operate on the high-speed clock (¢).

In medium-speed mode, a bus accessis executed in the specified number of states with respect to
the bus master operating clock. For example, if ¢/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/O registersin 8 states.

Medium-speed mode is cleared by clearing all of bits SCK2 to SCKO0 to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR iscleared to 0, atransition is
made to sleep mode. When sleep mode is cleared by an interrupt, medium-speed mode is restored.

If a SLEEP instruction is executed when the SSBY bitin SBYCRisset to 1, atransition is made
to software standby mode. When software standby mode is cleared by an external interrupt,
medium-speed mode is restored.

When the RES pinis driven low, atransition is made to the reset state, and medium-speed mode is
cleared. The same appliesin the case of areset caused by overflow of the watchdog timer.

When the STBY pinisdriven low, atransition is made to hardware standby mode.
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Figure 18.1 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

fypmeman [ 111U UL
L

Bus master clock
Internal address < SCKCR >< >< >< SCKCR >< >< >

bus

Internal write signal

Figure18.1 Medium-Speed Mode Transition and Clearance Timing

184  Sleep Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR is cleared to O, the CPU enters
sleep mode. In sleep mode, CPU operation stops but the contents of the CPU's internal registers
are retained. Other supporting modules do not stop.

Sleep mode is cleared by areset or any interrupt, and the CPU returns to the normal program
execution state via the exception handling state. Sleep mode is not cleared if interrupts are
disabled, or if interrupts other than NMI are masked by the CPU.

When the STBY pinisdriven low, atransition is made to hardware standby mode.
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185 Module Stop Mode

1851 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

Table 18.3 shows MSTP hits and the corresponding on-chip supporting modules.

When the corresponding MSTP it is cleared to 0, module stop mode is cleared and the module
starts operating again at the end of the bus cycle. In module stop mode, the internal states of
modules other than the SCI and A/D are retained.

After reset clearance, all modules other than DTC are in module stop mode.

When an on-chip supporting module isin module stop mode, read/write access to itsregistersis
disabled.

If atransition is made to sleep mode when all modules are stopped (MSTPCR = H'FFFF) or
modules other than the 8-bit timers are stopped (M STPCR = H'EFFF), operation of the bus
controller and 1/0O portsis aso halted, enabling current dissipation to be further reduced.
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Table 18.3 MSTP Bitsand Corresponding On-Chip Supporting Modules

Register Bit Module
MSTPCRH  MSTP15 —
MSTP14 Data transfer controller (DTC)
MSTP13 16-bit timer pulse unit (TPU)
MSTP12 8-bit timer
MSTP11 —
MSTP10 —
MSTP9 A/D converter
MSTP8 —
MSTPCRL MSTP7 Serial communication interface (SCI) channel 2
MSTP6 Serial communication interface (SCI) channel 1

MSTP5 Serial communication interface (SCI) channel 0
MSTP4 —
MSTP3 —
MSTP2 —
MSTP1 —
MSTPO —
Note: Bits 15, 11, 10, 8, and 4 to 0 can be read or written to, but do not affect operation.

18.5.2 Usage Notes

DTC Module Stop Mode: Depending on the operating status of the DTC, the MSTP14 bit may
not be set to 1. Setting of the DTC module stop mode should be carried out only whenthe DTC is
not activated.

For details, refer to section 7, Data Transfer Controller.

On-Chip Supporting Module Interrupts. Relevant interrupt operations cannot be performed in
module stop mode. Consequently, if module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

Writing to MSTPCR: MSTPCR should only be written to by the CPU.
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18.6  Software Standby Mode

18.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CRis set to 1, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all stop.
However, the contents of the CPU's internal registers, RAM data, and the states of on-chip
supporting modules other than the SCI and A/D, and /O ports, are retained. Whether the address
bus and bus control signals are placed in the high-impedance state or retain the output state can be
specified by the OPE hit in SBY CR.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

18.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ2), or by
means of the RES pin or STBY pin.

Clearing with an Interrupt

When an NMI or IRQO to IRQ2 interrupt request signal is input, clock oscillation starts, and after
the elapse of the time set in bits STS2 to STS0 in SBY CR, stable clocks are supplied to the entire
H8S/2245 Group chip, software standby mode is cleared, and interrupt exception handling is
started.

When clearing software standby mode with an IRQO to IRQ2 interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with a higher priority than interrupts IRQO to IRQ2 is
generated. Software standby mode cannot be cleared if the interrupt has been masked on the CPU
side or has been designated as a DTC activation source.

Clearing with the RES Pin

When the RES pin isdriven low, clock oscillation is started. At the same time as clock oscillation
starts, clocks are supplied to the entire H8S5/2245 Group chip. Note that the RES pin must be held
low until clock oscillation stabilizes. When the RES pin goes high, the CPU begins reset exception
handling.

Clearing with the STBY Pin

When the STBY pinisdriven low, atransition is made to hardware standby mode.
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18.6.3  Setting Oscillation Stabilization Time after Clearing Software Standby M ode

Bits STS2 to STS0 in SBY CR should be set as described below.

Using a Crystal Oscillator
Set bits STS2 to STSO so that the standby timeis at least 8 ms (the oscillation stabilization time).

Table 18.4 shows the standby times for different operating frequencies and settings of bits STS2 to
STSO.

Table18.4 Oscillation Stabilization Time Settings

20 16 12 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit

0 0 0 8192 states 041 051 068 082 10 14 20 41 ms

1 16384 states ~ 0.82 1.0 14 16 20 27 41
1 0 32768 states 16 20 27 33 41 55 16.4
1 65536 states 33 41 55 66 16.4 32.8
1 0 0 131072 states 6.6 | 8.2 |[10.9][13.1]16.4 21.8 32.8 655
1 262144 states  [13.1 |16.4 21.8 26.2 32.8 43.7 655 131.1
1 0 Reserved — — — — — — — — —
1 16 states 08 10 13 16 20 27 40 80 s

D: Recommended time setting

Using an External Clock

Any value can be set. Normally, use of the minimum time is recommended.

18.64  Software Standby Mode Application Example

Figure 18.2 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.
In this example, an NMI interrupt is accepted with the NMIEG bit in SY SCR cleared to O (falling

edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.
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Software standby mode is then cleared at the rising edge on the NMI pin.

osaittor [ | | [ || []][]]] AT

o« [UUUUUU JUUUUL
NMI —*

NMIEG
SSBY

e -
NMI exception Software standby mode > NMI exception
handling (power-down mode) Oscillation handling
NMIEG = 1 stabilization
SSBY =1 time

SLEEP instruction toscz

Figure18.2 Software Standby Mode Application Example

18.6.5 Usage Notes

[/0 Port Status: In software standby mode, 1/O port states are retained. If the OPE bit isset to 1,
the address bus and bus control signal output is also retained. Therefore, there is no reduction in
current dissipation for the output current when a high-level signal is output.

Current Dissipation during Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.
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18.7 Hardware Standby Mode

18.7.1 Hardware Standby Mode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD, to MD,) while the H8S/2245 Group isin hardware
standby mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillation stabilizes (at least t...,—the
oscillation stabilization time—when using a crystal oscillator). When the RES pin is subsequently
driven high, atransition is made to the program execution state via the reset exception handling
state.

18.7.2 Hardware Standby Mode Timing
Figure 18.3 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high, waiting
for the oscillation stabilization time, then changing the RES pin from low to high.
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Oscillator|||||||||||||
s |

STBY !

AT
——

Oscillation Reset
stabilization exception
time handling
tosc1

Figure 18.3 Hardware Standby Mode Timing (Example)

18.8  @Clock Output Disabling Function

Output of the @ clock can be controlled by means of the PSTOP hit in SCKCR and DDR for the
corresponding port. When the PSTOP bit is set to 1, the @ clock stops at the end of the bus cycle,
and @ output goes high. @ clock output is enabled when the PSTOP bit is cleared to 0. When DDR
for the corresponding port is cleared to 0, @ clock output is disabled and input port mode is set.
Table 18.5 shows the state of the ¢ pin in each processing mode.

Table18.5 @Pin Statein Each Processing Mode

Register Settings

Software Hardware
DDR PSTOP Normal Mode Sleep Mode Standby Mode Standby Mode
0 X High impedance High impedance High impedance High impedance
1 0 (@ output (@ output Fixed high High impedance
1 1 Fixed high Fixed high Fixed high High impedance
Legend:
x: Don't care
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Section 19 Electrical Characteristics

19.1 Absolute Maximum Ratings
Table 19.1 lists the absolute maximum ratings.

Table19.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V. -0.3t0 +7.0 \%
Programming voltage V., -0.3t0 +13.5 \%
Input voltage (except port 4) vV, -0.3toV_ +0.3 \%
Input voltage (port 4) V, -0.3t0 AV +0.3 \%
Reference voltage V. -0.3t0 AV +0.3 \
Analog power supply voltage AV -0.3t0 +7.0 \%
Analog input voltage Va —0.3t0 AV +0.3 \
Operating temperature Tor Regular specifications: —20 to +75 °C
Wide-range specifications: —40 to +85 °C
Storage temperature T -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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19.2  Power Supply Voltage and Operating Frequency Ranges

Power supply voltage and operating frequency ranges (shaded areas) are shown in table 19.2.

Table19.2 Power Supply Voltage and Operating Frequency Ranges

Condition A:

Condition B:

Condition C:

All H85/2245 Group products

V,=27V1t055V,AV_=27V1t055V,V _=27Vt0AV_,V =AV =0V,
¢=32kHzto 10 MHz, T, = -20°C to +75°C (regular specifications),

T, =—40°C to +85°C (wide-range specifications)

HD6432246, HD6432245, HD6432244, HD6432243, HD6432242, HD6432241R,
HD6412240

V,.=27V1t055V,AV_=27V1055V,V _=27V1t0AV_,V =AV =0V,
¢=32kHzto 13 MHz, T, =-20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)

All H85/2245 Group products

V=50V +£10%, AV =50V £10%, V =45V t0AV_,V =AV =0V, o=
2 MHzto 20 MHz, T, =-20°C to +75°C (regular specifications),

T, =—40°C to +85°C (wide-range specifications)
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Clock Supply |[Crystal Resonator
Method Connection External Clock Input
Operating DTC, TPU, SCI, CPU, /O Por_ts, .
Modules All Modules A/D Converter Bus Controller, 8-Bit Timers,
Interrupt Controller, WDT
Condition A < =
LT 20M | T 20M |
10M f---- 10M f----
2M - ‘ 2M |
2k | s2k| ‘
| | I | | I
0 2.7 4.5 55 0 2.7 4.5 5.5
Vee (V) Vee (V)
Condition B < =
LT 20M | T 20M |
T1BM - T A13M b
10M 10M
2M - ‘ 2M |
2k | s2k| ‘
| | I | | I
0 2.7 4.5 55 0 2.7 4.5 55
Vee (V) Vee (V)
Condition C <
T 20M f---mmmmm -
13 M
10M
2M oo ‘
2k[ | 3
| I
0 2.7 4.5 55
Vee (V)

RENESAS
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19.3 DC Characteristics

Table 19.3 lists the DC characteristics. Table 19.4 lists the permissible output currents.

Table19.3 DC Characteristics (1)

Conditions. V.. =5.0V +10%, AV =5.0V +10%, V= 45V to AV

ccy

Vo =AV_=0V*' T,

=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Item Symbol  Min Typ Max Unit Test Conditions
Schmitt trigger Port 2, Vv, 1.0 — — \%
input voltage  IRQO to IRQ7 ", - _ _ V_x07 V
T CcC B
V. -V, 04 — — \Y
Input high RES, STBY, V, V07 — V,+03 V
voltage NMI, MD,
to MD,
EXTAL V%07 — V. +03 V
Ports 1, 3, 5, 2.0 — V103 V
Ato G
Port 4 2.0 — AV +0.3 V
Input low RES, STBY, V, -0.3 — 0.5 \
voltage MD, to MD,
NMI, EXTAL, -0.3 — 0.8 \
Ports 1, 3 to
5 AtoG
Output high  All output pins V, V,.-05 — — \ I, =—200 pA
voltage 35 - — Voo, =-1mA
Output low All output pins V, — — 0.4 \ l,,=1.6 mA
voltage Ports 1, A to — — 10 vV 1, =10mA
C
Input leakage RES [1,] — — 10.0 HA V=
current STBY. NMI _ _ 1.0 05tV -05V
MD, to MD,
Port 4 — — 1.0 PA V=

0.5t0 AV 0.5V
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Item Symbol  Min Typ Max Unit Test Conditions
Three-state Ports 1to 3, 0 0 — — 1.0 MA V=
leakage 5, AtoG 05t0V . -05V
current
(off state)
Input pull-up  PortsAtoE -, 50 — 300 HA VvV, =0V
MQOS current
Input RES C, — — 80 pF Vv, =0V,
capacitance " — — 50 g =1MHz
oM PP 1 =25C
All input pins — — 15 pF
except RES
and NMI
Current Normal o — 50 75 mA  f=20MHz
dissipation**  operation (B.0oV) (55V)
Sleep mode — 35 55 mA =20 MHz
(5.0V) (55V)
All module — 35 — mA  Reference value
stop mode B.0V) f=20 MHz
Medium — 25 — mA  Reference value
speed (¢/32) (5.0V) f=20 MHz
mode
Sleep, all — 5.0 10 mA =20 MHz
module stop B.0V) (5.5V)
and medium
speed (@/32)
mode
Standby — 0.01 5.0 MA T, <50°C
3
mode* — — 200 50°C<T,
Analog power During A/D Al — 1.2 2.0 mA
supply current conversion
Idle — 0.01 5.0 MA
Reference During A/D Al — 0.5 0.8 mA  V_ =50V
current conversion
Idle — 0.01 5.0 MA
RAM standby voltage V 2.0 — — \%

RAM
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Notes: 1.

If the A/D converter is not used, do not leave the AV_,, AV, and V_, pins open.
Connect AV and V_ to V_, and connect AV to V..

Current dissipation values are for V,, min = V_ -0.5 V and V, max = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

The values are for V,,, <V <45V,V, min=V_ x09,and V, max=0.3V.

I depends on V. and f as follows:

l.c max = 2.0 (mA) + 0.67 (MA/(MHz x V)) x V__ x f [normal mode]

I, max = 2.0 (mA) + 0.48 (MA/(MHz x V)) x V__ x f [sleep mode]

l.. max = 2.0 (mA) + 0.07 (mA/(MHz x V)) x V__ x f [sleep, all module stop and medium
speed (¢/32) mode]

ref
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Table19.3 DC Characteristics(2)
Conditions: V=27V t055V,AV =27V t055V,V =27V1I0AV_,
V=AV=0V* T ,=-20t0+75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt trigger Port 2, ' V%02 — — \
input voltage  IRQO to IRQ7 v, — — V_x07 V
V. =V, V%007 — — \Y

Input high RES, STBY, V, V. x0.9 — V,+03 V
voltage NMI, MD,

to MD,

EXTAL V. x07 — V. +0.3

Ports 1, 3, 5, V.x07 — V., +0.3

Ato G

Port 4 V. x07 — AV +0.3 V
Input low RES, STBY, V, -0.3 — V%01 V
voltage MD, to MD,

NMI, EXTAL, -0.3 — Vex02 V V<40V

Ports 1, 3 to _

5 AtoG 0.8 V,.=40to55V
Output high  All output pins V, V,.-05 — — \ l,,, =—200 pA
voltage -

9 V.-10 —  — V.ool,=-1mA
Output low All output pins V, — — 0.4 \ l,,=1.6 mA
voltage Ports 1, A to — — 10 V.V <4V,

C lo, =5 MA,
4V<V_ <5V,
l,, =10 mA
Input leakage RES 0.0 — — 10.0 MA V=
current STBY. NMI _ — 1.0 05tV 05V
MD, to MD,
Port 4 — — 1.0 PA V=

0.5t0 AV, ~0.5V
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Iltem Symbol Min Typ Max Unit Test Conditions
Three-state Ports1to 3, 0O O — — 1.0 MA V=
leakage 5, AtoG 05tV -05V
current
(off state)
Input pull- Port Ato E -, 10 — 300 MA V=27 Vto
up current 55V,V, =0V
Input RES C, — — 80 pF  V,=0V,
capacitance " — — 50 = f=1MHz,
-~ " ta=25C
All input pins — — 15 pF
except RES
and NMI
Current Normal oo — 13 40 mA =10 MHz
dissipation**>  operation (3.0V) (5.5V)
— 18 52 f=13 MHz
(3.0V) (55V)
— 60 120 pA  f=32kHz,
V.. =3.0 V¥
Sleep mode — 9 28 mA f=10MHz
(3.0V) (55V)
— 12 37 f=13 MHz
(3.0V) (55V)
All module — 9 — mA  Reference value
stop mode B.0V) f=10 MHz
— 12 — Reference value
3.0V) f=13 MHz
Medium — 6 — mA  Reference value
speed (¢/32) B.0V) f=10 MHz
mode — 8 — Reference value
3.0V) f=13 MHz
Sleep, all — 15 6.0 mA f=10 MHz
module stop (B.0V) (55V)
"s“;gerg‘@g;”) — 25 75 f=13 MHz
mode (3.0V) (55V)
— 30 60 pA  f=32kHz,
V.. =3.0 V¥
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Item Symbol Min Typ Max Unit Test Conditions
Current Standby o — 0.01 50 MA T, <50°C
el . 2 3
dissipation* mode* — _ 20.0 50°C<T,
Analog power During A/D Al — 0.4 1.0 mA  AV_=3.0V
supply current ;v ersion — 12— mA AV, =50V
Idle — 0.01 5.0 HA
Reference During A/D Al — 0.3 0.6 mA V_=30V
power supply conversion _ 05 _ mA V =50V
Current e — ) ref .
Idle — 0.01 5.0 HA
RAM standby voltage Veam 2.0 — — \%
Notes: 1. If the A/D converter is not used, do not leave the AV_, AV, and V_, pins open.
Connect AV and V_ to V_, and connect AV to V..
2. Current dissipation values are for V,, min = V__—-0.5 V and V, max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.
3. ThevaluesareforV,,, <V <27V,V, min=V_x0.9 andV, max=0.3 V.
4. | dependsonV_ and f as follows:
l.c max = 2.0 (mA) + 0.67 (MA/(MHz x V)) x V__ x f [normal mode]
I, max = 2.0 (mA) + 0.48 (MA/(MHz x V)) x V__ x f [sleep mode]
l.. max = 2.0 (mA) + 0.07 (mA/(MHz x V)) x V__ x f [sleep, all module stop and medium
speed (¢@'32) mode]
5. The current dissipation for 32-kHz operation is the value when the duty adjustment

circuit is stopped.
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Table 19.4 Permissible Output Currents

Conditions: V=27V t055V,AV . =27t055V,V_ =27V t0AV_,V =AV =0V,
T, =-20to +75°C (regular specifications), Ta=—40 to +85°C (wide-range

specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1, Ato C loc — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins 2o — — 80 mA
low current (total) including ports 1

and Ato C

Total of all output — — 120 mA

pins, including the

above
Permissible output All output pins —loy — — 2.0 mA
high current (per pin)
Permissible output Total of all output > I, — — 40 mA
high current (total) pins

Notes: 1. To protect chip reliability, do not exceed the output current values in table 19.4.

2. When driving a darlington pair or LED, always insert a current-limiting resister in the
output line, as show in figures 19.1 and 19.2.

H8S/2245 Group

Port

Darlington Pair

Figure19.1 Darlington Pair Drive Circuit (Example)

Rev.3.00 Mar. 26, 2007 Page 578 of 772
REJ09B0355-0300
RENESAS



Section 19 Electrical Characteristics

H8S/2245 Group

600 Q
ANAN

Ports 1, Ato C

LED

Figure19.2 LED Drive Circuit (Example)

194 AC Characteristics

Figure 19.3 show, the test conditions for the AC characteristics.

5V
RL
C=90pF: Ports1, Ato F
LSI output pin O : : > g ::322';:;0”5 2,3,5G
R,: - 12kQ

I/O timing test levels
C Ry e Lowlevel: 0.8V

; e High level: 2.0V

Figure19.3 Output Load Cir cuit
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19.4.1 Clock Timing
Table 19.5 lists the clock timing

Table19.5 Clock Timing

ConditionA: V=27V to55V,AV =27V to55V,V =27V1i0oAV_,
V=AV =0V, ¢=32kHzto 10 MHz, T,=—-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

ConditionB: V_.=27t055V,AV_=27t055V,V =27V t0AV_,
V. =AV_ =0V, ¢=32kHzto 13 MHz, T, =-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

Condition C: V. =5.0V +10%, AV =5.0V +10%, V,, =45V t0 AV,

V=AV =0V, 0=2t020 MHz, T,=-20to +75°C (regular specifications),

T, =40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
Item Symbol Min  Max Min  Max Min  Max Unit Conditions
Clock cycle time t. 100 31250 75 31250 50 500 ns Figure 19.4
Clock high pulse t., 35 — 25 — 20 — ns
width
Clock low pulse t, 35 — 25 — 20 — ns
width
Clock rise time t., — 15 — 10 — 5 ns
Clock fall time t., — 15 — 10 — 5 ns
Clock oscillator toser 20 — 20 — 10 — ms  Figure 19.5
setting time at
reset (crystal)
Clock oscillator toser 8 — 8 — 8 — ms  Figure 18.2
setting time in
software standby
(crystal)
External clock toer 500 — 500 — 500 — [V Figure 19.5
output stabilization
delay time
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R R

Figure19.5 Oscillator Settling Timing
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19.4.2 Control Signal Timing
Table 19.6 lists the control signal timing.

Table19.6 Control Signal Timing

ConditionA: V=27V to55V,AV =27V to55V,V =27V1i0oAV_,
V=AV =0V, ¢=32kHzto 10 MHz, T,=—-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

ConditionB: V=27V to55V,AV =27V to55V,V =27V10oAV_,
V. =AV_ =0V, ¢=32kHzto 13 MHz, T, =-20to +75°C (regular
specifications), T, = —40 to +85°c (wide-range specifications)

ConditionC: V. =5.0V +10%, AV =5.0V £10%, V =45V to AV,
V=AV =0V, 0=2t020 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test
Item Symbol Min  Max Min  Max Min  Max Unit Conditions
RES setup time toess 200 — 200 — 200 — ns Figure 19.6
RES pulse width toeow 20 — 20 — 20 — t.
NMI reset setup tirs 200 — 200 — 200 — ns
time
NMI reset hold o 200 — 200 — 200 —
time
NMI setup time s 200 — 200 — 150 — ns Figure 19.7
NMI hold time tom 0 — 10 — 0 —
NMI pulse width o 200 — 200 — 200 — ns
(exiting software
standby mode)
IRQ setup time teos 200 — 200 — 150 — ns
IRQ hold time teon 10 — 10 — 10 — ns
IRQ pulse width t 200 — 200 — 200 — ns

IRQW

(exiting software
standby mode)
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RES
3 tresw |
‘ tnmiRs ! o WNmRH
1 ! (« ‘ |
) ‘
A A . X
),

NMI

RQi
(i=0to2)

IRQ
Edge input

IRQ
Level input

L taws 1wl

tamiw ‘

: tirqw :

_ lros 11 troW
liros |

Figure19.7 Interrupt Input Timing

RENESAS
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194.3

Bus Timing

Table 19.7 lists the bus timing.

Table19.7 BusTiming

Condition A:

Condition B:

Condition C:

V,=27V1055V,AV_=27V1055V,V, =27V 0AV,,

V=AV =0V, ¢=32kHzto 10 MHz, T,=—-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

V,=27V1055V,AV_ =27V 1055V,V, =27V 10AV,,

V. =AV_ =0V, ¢=32kHzto 13 MHz, T, =-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

V=50V +£10%, AV =50V £10%, V =45V t0o AV,
V=AV =0V, 0=21t020 MHz, T,=-20to +75°C (regular specifications),

T, =40 to +85°C (wide-range specifications)

Condition A

Condition B

Condition C

Test
Iltem Symbol Min Max Min Max Min Max Unit Conditions
Address delay to — 40 — 35 — 20 ns Figure 19.8
time to
Address setup  t,. 05x — 05x — 05x — ns  rigure19.12
time t,,—30 t,.—20 t,.—15
Address hold [ 05x — 05x — 05x — ns
time t,.—20 t,.—15 t,.—10
CS delay time teso — 40 — 35 — 20 ns
AS delay time tho — 60 — 50 — 30 ns
RD delay time 1 t.,, — 60 — 45 — 30 ns
RD delay time 2 t.,, — 60 — 45 — 30 ns
Read data setup t_ 30 — 30 — 15 — ns
time
Read data hold ton 0 — 0 — 0 — ns
time
Read data tacer — 1.0 x — 1.0 x — 1.0 x ns
access time 1 t,.—50 t,.—55 ty.—25
Read data tices — 1.5 x — 1.5 x — 1.5 x ns
access time 2 t,. —50 t,.—55 ty. =25
Read data taces — 2.0x — 2.0x — 2.0x ns
access time 3 t,. =50 t,. =55 t,.—25
Read data taces — 25x — 25x — 25x ns
access time 4 t,.—50 t,.—55 t,.—25
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Condition A Condition B Condition C Test

Iltem Symbol Min Max Min Max Min Max Unit Conditions
Read data taces — 3.0 % — 3.0 % — 3.0 % ns Figure 19.8
access time 5 t,.—50 t,.—55 ty. —25 to
WR delay time 1 t,,, — 60 — 45 — 30 ns  rigure 19.12
WR delay ime 2 t,,,, — 60 — 50 — 30 ns
WR pulse width 1 t,,, 1.0x  — 1.0x  — 1.0x  — ns

t,. —40 t,. =30 t,. —20
WR pulse width 2 t,,, 15x  — 15x  — 15x  — ns

t,. —40 t,. =30 t,. —20
Write data delay  t,, — 60 — 60 — 30 ns
time
Write data setup  t,.¢ 0 — 0 — 0 — ns
time
Write data hold tuon 20 — 20 — 10 — ns
time
WAIT trs 60 — 50 — 30 — ns Figure 19.10
setup time
WAIT hold time  t,, 10 — 10 — 5 — ns
BREQ setup time ;.. 60 — 50 — 30 — ns Figure 19.13
BACK delay time  t,,., — 60 — 50 — 30 ns
Bus-floating time  t,,, — 100 — 80 — 50 ns
BREQO delay taroon — 60 — 50 — 30 ns Figure 19.14
time
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Figure19.8 Basic Bus Timing (Two-State Access)

Dy5to Dy

(write)
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RD
(read)

Dys t0 Dy ¥ ¥ < >
(read) ¥ ¥

HWR, LWR i i /S
(write) \ : :

Dys5to D, !

(wite) \ i i )

wr N /7 N

Figure19.10 Basic Bus Timing (Three-State Access with One Wait State)
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Figure 19.13 External BusRelease Timing

BREQ
BACK

Ay 10 Ag,
CS3to CSO,

REJ09B0355-0300
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19.4.4  Timing of On-Chip Supporting Modules
Table 19.8 lists the timing of on-chip supporting modules.

Table19.8 Timing of On-Chip Supporting Modules

ConditionA: V=27V to55V,AV =27V to55V,V =27V1i0oAV_,
V=AV, =0V, ¢=32kHzto 10 MHz (I/O port, TMR, WDT),
¢@=2t0 10 MHz (TPU, SCI, A/D converter), T, =—-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

ConditionB: V. =27V t055V,AV =27V t055V,V _ =27VioAV_,
V=AV_ =0V, 9= 32kHzto 13 MHz (I/O port, TMR, WDT),
@=2to 13 MHz (TPU, SCI, A/D converter), T, = —-20to +75°C (regular
specifications), T, = —40 to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV, =5.0V £10%, V =45V to AV,
V=AV, =0V, p=2t020 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B Condition C

Test

Item Symbol Min Max Min Max Min Max Unit Conditions
I/0 Output data delay t,, — 100 — 75 — 50 ns Figure
port time 19.15

Input data setup  t..q 50 — 50 — 30 —

time

Input data hold tor 50 — 50 — 30 —

time
TPU  Timer output troeo — 100 — 75 — 50 ns Figure

delay time 19.16

Timer input setup t, 50 — 40 — 30 —

time

Timer clock input  t__ . 50 — 40 — 30 — ns Figure

setup time 19.17

Timer  Single t .., 15 — 15 — 15 — toe

clock edge

pulse  gor ¢ 25 — 25 — 25 —

TCKWL

Width  gges
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Condition A Condition B Condition C

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
8-bit  Timer output t oo — 100 — 75 — 50 ns Figure
timer  delay time 19.18
Timer reset input  t, .. 50 — 50 — 30 — ns Figure
setup time 19.20
Timer clock input  t_, .. 50 — 50 — 30 — ns Figure
setup time 19.19
Timer  Single | S 15 — 15 — 15 — e
clock edge
pulse goth ¢ 25 — 25 — 25 —
. TMCWL b ) b
width edges
WDT  Overflow output  t,,, — 1100 — 75 — 50 ns Figure
delay time 19.21
SCI Input  Asynchro- tg 4 — 4 — 4 — e Figure
clock  nous 19.22
cycle Synchro- 6 — 6 — 6 —
nous
Input clock pulse  t.,, 04 06 04 06 04 0.6 [
width
Input clock rise  t,, — 15 — 15 — 15 oye
time
Input clock fall e — 15 — 15 — 15
time
Transmit data tho — 100 — 75 — 50 ns Figure
delay time 19.23
Receive data [ 100 — % — 50 — ns
setup time
(synchronous)
Receive data e 100 — % — 50 — ns
hold time
(synchronous)
A/D Trigger input tires 50 — 40 — 30 — ns Figure
con- setup time 19.24
verter

RENESAS
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Ports 1 to 5, \
Ato G (read) >< :><

Ports 1to 3, 5, /
Ato G (write) \

Figure19.15 1/0O Port Input/Output Timing

Output compare
output* ><

Input capture
input*

Note: * TIOCAO to TIOCA2, TIOCBO to TIOCB2, TIOCCO, TIOCDO

Figure19.16 TPU Input/Output Timing

TCLKAto TCLKD '\ « jf
:A 27

trekwL

trekwH

Figure19.17 TPU Clock Input Timing
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TMOO0, TMO1 ><

trves | trvcs |
4>:—:<— (« —»:—?<—
— \ ‘ ) -
TMCIO, TMCI1 « [ 1\1
! )) ! |
: trmewL s trmewH ‘

Figure19.19 8-Bit Timer Clock Input Timing

TMRIO, TMRI1 /

Figure19.20 8-Bit Timer Reset Input Timing

4>:—‘<— 4>:—‘<—
WDTOVF \ /

Figure19.21 WDT Output Timing
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tsckw tsckr tscks

SCKO to SCK2 ‘ ‘ | |

tScyc

Figure19.22 SCK Clock Input Timing

SCKO to SCK2 m

1 trxp 1
. 1

TXDO to TxD2 >< >< L >< ><
Transmit data \ L

trxs | ' tRXH

RxDO to RxD2 / \
Receive data \ /

Figure 19.23 SCI Input/Output Timing Synchronous Mode

ADTRG \

Figure19.24 A/D Converter External Trigger Input Timing
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19.5 A/D Conversion Characteristics
Table 19.9 lists the A/D conversion characteristics.

Table19.9 A/D Conversion Characteristics

ConditionA: V=27V to55V,AV =27V to55V,V =27V1ioAV_,
V=AV, =0V, p=2t010MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionB: V=27V to55V,AV =27V to55V,V =27V10oAV_,
V=AV =0V, 0=2t013 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV, =5.0V £10%, V =45V to AV,
V=AV =0V, 0=2t020 MHz, T,=-20to +75°C (regular specifications),
T, =40 to +85°C (wide-range specifications)

Condition A Condition B Condition C
Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 bits
Conversion time 131 — — 9.8 — — 6.5 — — us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 10** — — 10** — — 10*° kQ
source impedance — oi? — — oi? — — S
Nonlinearity error — — +6.0 — — +6.0 — — +3.0 LSB
Offset error — — +4.0 — — +4.0 — — +2.0 LSB
Full-scale error — — +4.0 — — +4.0 — — +2.0 LSB
Quantization error — — +0.5 — — +0.5 — — +0.5 LSB
Absolute accuracy — — — +8.0 — — +8.0 — — +4.0 LSB

Notes: 1. 40<AV_ <55V
2. 27TV=sAV <40V
3. <12 MHz

4. ¢>12 MHz
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19.6  Usage Notes

Although both the ZTAT and mask ROM versions fully meet the electrical specifications listed in
this manual, due to differences in the fabrication process, the on-chip ROM, and the layout
patterns, there will be differencesin the actual values of the electrical characteristics, the operating
margins, the noise margins, and other aspects.

Therefore, if asystem isevaluated using the ZTAT version, asimilar evaluation should also be
performed using the mask ROM version.
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Appendix A Instruction Set

Al Instruction List

Operand Notation

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

Rn General register*

ERn General 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

+ Add

- Subtract

X Multiply

+ Divide

g Logical AND

g Logical OR

ad Logical exclusive OR

- Move

- Logical NOT (logical complement)
() <> Contents of effective address of the operand
:8/:16/:24/:32 8-, 16-, 24-, or 32-hit length

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

Symbol

$ Changes according to the result of instruction
* Undetermined (no guaranteed value)

0 Always cleared to 0

Always set to 1

— Not affected by execution of the instruction
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Instruction Set

TableA.1

(1) DataTransfer Instructions

z —lol: |t |—|— 9TPY —~SHIA® [4 M pPY's¥3® M'AOW
1 —lols ]|t |—|— 9TPY ~ 9TSY Z| m pY’sd M'AOIN
z —lolt |t |—|— 9TPY ~ 9T:XX# VM PY'9T:XX# M'AOW
v —lolt ]t |—|— zZsee® — 8sy 9 d zeee®@'sd 9'AOW
€ —Jolt ]t |—=]— 9TER® - 85y 4 | 9T:ER®'SH 8'AON
Z —Jolt |t == gee® - 85y z | gree®'sy 9'AOW
€ —|o|* | |—|—| PyI® -8su'zepya ~1-zePHI 4 ! PY3-@'sd 9'AOW
S ol [T == (PY3'2E:P)® —85Y 8 a| (py3'zep)@'sy 9°'AOW
€ —lo|t |t |—]— (PY3'9T:P)® — 8sH 14 a| (PYI'9T:P)D'sY 9'AONW
z —lo|t|t|—|— PYI®@ - 8sY [ | PYI@'sy 'AON
v —lol* |t ]—|— gpY — zgee® 9 <] py'zeee® 9'AONW
€ —Jolt ]t ]—]— 8py ~9T:ee® 4 | py‘9T:ER® &' AOW
z —lo|* |t |—|]— 8py ~ geed z g py'gee® 9'AOW
g —lo|* [T |—|—| zesuz-T1+zesuz'sp ~sua® z E PY'+SY3® I'AOW
S —Jol* 7 == 8py — (sy3'2EP)® 8 a| py'(sd3'cep)® 9'AONW
e —lol* T |—]— 8pY ~ (SYI'9T:P)® 14 a| py'(sd3'9T:P)® 9'AONW
z ol T [—]— 8Py~ SH3A® z g PY'sY3®@ 9'AOW
1 —lol" T ]—]— 8py - 8sy z| |9 py'sd 9'AON
1 —lo| [T ]—— 8Py — 8 XX z |9 pY'8:xx# &' AOW AOW

paoueApy |[ewioN | O| A Z [N | H| I uoinesado _ m \@m m @ \@m @: Z W .nmu OluoWsuN

1,597€IS JO 'ON | 3p0D UONIPUOD Bz m m 2 2

\®; @: 3 w
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3

(s@14g) yibua uononisu|
/opOoIN Buissaippy
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9 —lolt ]t |—]— ZEPY3 -~ zeER® 8 1 PY3'ZEee@ TAOW
S —lol: |t |—|— Zepd3 9T eR® 9 1 py3‘9T'ER® TAON
g —lo|t |t |—=|—| cesya—r+zesuaTEPUI~SHAD v 1 PHI'+SHI@ TAOW
) —lolt |t |—|— Zepy3 — (sy3'zep)® 0T 7| Py (SYI'ZEP)@ TAOW
5 —lolt|s [—]— Zepya -~ (SHI'9T:P) @ 9 7| pYI'(sYI'9T:P)® TAONW
v —lol|t |t |—|— [4 R Ele) ¥ 1 pY3‘'s4I® TAON
T —lolt ]t |—]— Zepy3 -~ zesy3 z| |7 pHI'sH3 TAOW
€ N N O i p Z2EPYT — ZEXX# 91 pY3A‘ZeXX# TAON
v —lo|t |t |—]— Zeee® < 9TSY 9 M zeree®'sd MAOW
< —lol|t |t |[—]— oT:ee® —9TSY 74 M 9T:ee®'sy M'AOW
€ —lo |t | |—|—| pHI® ~9TSY'ZEPHT — 2-ZEPMT 4 M PH3-0'sd M'AOW
S —lolt [ ]|=]— (PY3‘'ZE:P)D — 9TSYH 8 M| (pH3‘CEP)D'SY M'AOW
€ —Jolt|?|—]— (pPYI'OT:P)D ~ 9TSY 4 M| (PHI'9T:P)D@ ‘'S M'AOW
z —lo T[T |—]— PHI® —9TSY z M PUID'SH M AOW
v —Jol* ] |=]— 9TpY — ZEee® 9 M py‘zeree® M'AOW
c —Tol* T == 9IPY - 9T:ee® v M pY‘9T:ER® M AOW
€ —[o|" |7 [=[—] zesua-z+zesuz'otPd - SH3® z M PY'+SH3® M'AOW
S —Jol" " == 9TpY ~ (s43'ZEP)D 8 M| pY‘(s¥3'zep)® M'AOW
e —Jol |7 |—=]— 9TPY ~ (SHT'9T:P)D 14 M| PY'(sY3'9T:P)® M'AOW AOW

paoueApy |[ewloN | D[ A|Z [N |H| I uonesado | m \W m _@ \W @ Y W .m JlUOWSUun

1,5818IS JO 'ON | 8poD uonIpuod 2 b m m g g

Xe] @: E m

3 ]

3

(se14g) yibua uononisu|
/opPOIN Buissaippy
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“uononAsUl WAT/WLS aui Buisn usym pasn ag pinoys 943 0} 043 JaisiBal AlUO « 910N
[z] dnols GZz/S8H aul Ul pasn aq jouue) 9T'ee®'sy IAdIAON | IdLAOW
[2] dnols GZz/S8H aul Ul pasn ag Jouued py'9T:ee® Id4AON | Id4AON
panes 1a)s1bal yoea oy pajeaday
ltwelr |\ —|—|—|—|—|— (dS® ~zeuda'dS —-ds) | ¥ 1| dS-@'(ud3-wy3) WLS PR
palolsal Jaysifial yoea oy pareaday
ltwelr |\ —|—|—|—|—|— (dS~p+dS'zeud3 —dsSO) | ¥ 1| (UH3-wH3)'+dS@ WAl ANaT
S — | 0|t |s|—|— dS® < geud3'dSv-dS | ¥ 1 ud3 THSNd
€ — 0|t |t |—|— dS® —9TuUd'dS—2¢-dS | ¢ M ud MHSNd HSNd
S — O]t |t|—|— dS—+dS‘zeuda ~dso | v 1 ud3 7dOod
€ — | O]t | ¢ |—|— dS < 2+dS'9TUd ~dS® | ¢ M ud \'dOd dOd
9 — | 0|t |t |—|— zZeee® < zesy3 8 1 zeee®@'sy3 TAON
g — | 0|t |t |—|— oT:eR® “ ZE€SH 9 1 9T:ee®'sy¥3 TAON
g —| 0|t |t |—|—| P3O —zesyI'zePY ~ v-2ePY3 14 1 pPY3-®@'sy3 TAON
/ —| o|t |t |—|— (PY3‘ZEP)D — 2ESHT 0T 7| (pY3'ZEP)D@'sHI TAOW
S — ol t |t |—]— (PYT'9T:P)D < ZESHT 9 7| (PY3'9T:P)D'sHT TAON
14 —| ot |t |—|— PHI® —zesy3 14 1 pPYI®@'sy3 TAONW NOW
paoueApy |[ewION | D|A|Z [N | H]| I uolresado | M \W @ n@ \W @:N e W Aemv JlUOWAUN
1,5918IS JO 'ON | 8poD uonipuod g = ® _.u“m_ m kY P
M RHIE? a
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(s@14g) y1bua uononiisuy|
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(2) Arithmetic Instructions

T x|t |t ] x|— 8Py —isnlpe [ewidsp gpy z q Py vva vva
T —lt ||t |—|— Zepyd — z+zepya z 1 py3'2# TONI
T —ls ]|t |—|— zepyd — T+2epya 4 1 pY3‘T# TONI
T —lt |t |t |—|— 9TPY ~ Z+9TPY Z| (M p‘z# M ONI
T —lt |t |t |—|— 9TPY ~ T+9TPYH 4 M PY'T# M"ONI
T —|t | == 8pYy ~ T+8pY 4 d Pd g'ONI ONI
T = Zepy3 — v+2epya z 1 pY3‘v# SAQVY
T = Zepyd ~ z+zepya z 1 pY3‘c# saav
L et b e e et e Zepyd — T+2epya 4 1 py3‘T# SAQAVY saav
T v e |6l s |— 8pY — D+8sY+8pY z g py‘sd xaav
T vt |lsle |t |— 8PY — O+8:Xx#+8pY z|9 pY‘8:Xx# Xaav xaavy
T e |t |l — Zepy3 — zesya+zepya 4 1 py3'sy3 Taav
€ s | bl — ZEPYT — ZEXX#+ZEPYT 9|1 py3‘ceXx# 1Taavy
T vt e |t |lell— 9TPY ~ 9TSHY+9TPH 4 M py‘'sd Maav
z vl |t |lel]— 9TPY ~ 9TXXH+9TPY v | M PHOTXX# M'AQY
T tle et | — 8pY — 8sy+8pY z 9 py‘sd g'aav
T ety | — 8PY —~ 8:XX#+8pY 4K:! py‘g:xx# 9'aav aav
paoueApy |[ewloN | O| A|[Z [N | H| I uonesedo | wm @ _@ m w Y wm oluowaup
1,591e1S Jo "ON 8poD uonIpuod 8 M o m wm Y m
2l 1512 2
m (4]
Y &
7

(s@14g) y1bua uononiisu|

/PO Bulissalppy
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(uoneandinw paubisun)
0z — | —|—|—|—|— 2ePYI — 9TSHX9TPY 4 M py3a‘'sd M'NXTINN
(uoneoydninw paubisun)
zT | —|—|—|—|— 9TPY — 8S4x8pPY 14 g pd‘sd a'NXININ NXTNN
T — x|t |t x| 8py —isnlpe [ewidap gpy 4 g pd sva sva
T — 1|t |t |—|— ZepY3 —z-zepy3 4 1 pyd3‘e# 1'03a
T — 1|t |t |—|— Zepy3a — 1-2epy3 4 1 pY3a‘T# 103a
T — 1|t |t |—|— 9TPY ~Z-9TPY 4 M pd‘z# M'O3d
T — 1|t |t |—|— 9TpY < T-9TPY Z M PY'T# M'O3A
T — 1|t |t |[—|— 8pY — T-8pY z g pyd g'03a 03a
T —|—|—|—|—|— ZEpY3 ~ v-zepy3 4 1 py3‘v# SANs
1 —|—|—]—|—|— zepy3 —z-zepys ¢| |1 PY3'c# SANS
T | — | —|—|—]— Zepy3a ~ T-2epy3 4 1 pY3a‘T# SANS sdans
T v|lells |t |— 8pY — O-8s4-8pH 4 g py‘sy Xans
T s |6l s |t |— 8Py — D-8:XX#-8pY z| 4 py'g:xx# XdNS Xdans
T et |l — ZepYa — zesya-zepy3 4 1 py3'syd3 1'ans
€ et vl — ZEPYT — ZEXXH#-ZEPHT 9[1 pY3‘zEXX# 1'ANS
T et |[ell— 9TPY < 9TSY-9TPYH 4 M py‘sd m'dns
4 vt |[el)— 9TPY «~ 9T:XX#-9TPY v|M pH'9TXX# MENS
T tlgt iy |— 8Py — 8sy-8pd z g py'sd g'dns ans
paoueApy | [ewION | D|A|Z [N | H]| I uonelssdo | @000 Q|F ¥O JlUOWBUN
Q=8 |Ll=(m>|x|8
1,S9MEIS JO ON | 8pOO UONIPUOD 29" |5|m|¥ Py
O S| =
Y ®
d

(s@14g) yi1bua uonanisul

/apON Buissalippy
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T N Zepya — zepy3-0 4 1 pY3 1T93AN
1 vttt |— 9TPY <~ 9TPY-0 2| M pd M'O3AN
1 vl — 8Py —8pY-0 4 g py 993N 93N
T vt vl — zesy3-zepy3 4 1 py3'sy¥3 TdND
€ vt |lvl|— ZEXX#-ZEPYT 91 pY3‘ZEXX# T'dIND
T vt ell— 9TSY-9TPY 2| M py‘sd M°dIND
4 vl el — 9T:XX#-9TPY A PH'9T:XX# M'dND
T ity | — 8sy-8pY 4 g py'sd €'dWD
T gt g — 8:XX#-8pY z|9 pY‘g:xx# g'dND dino
(uorsinip pauBis) (Juanonb :py
12 —|— |[z] |[8]|—|— | ‘1opurews :p3) zePYT —~ 9TSY+ZEPYT v M py3‘sd M'SXAIA
(uoisinip paufis) (uanonb 1py
€1 —|—|[z]|[8]|—|—| ‘1opurewsa: :HpY) 9TPY — 8SHY+9TPYH v g py‘sd g'SXAIA SXAIQ
(uoisinip paubBisun) (quanonb :py
(or4 —|— |[z] |[9]|—|— | ‘1opurewsu :p3) ZEPYT — 9TSY+ZEPHT 2| M py3‘sd M'NXAIQ
(uorsiaip pauBisun) (Juanonb :py
T — \|— [2]|[9]|—|— ‘1opurewsal :HpY) 9TPH < 8SH+9TPYH 4 4d py'sd g'NXAIA NXAIQ
(uonreaydiynw paubis)
12 ——t |t |—=|= ZEpya — 9TSHX9TPY v |M py3‘sd M'SXTINIA
(uoedydninuw paubis)
€T —l—]t |t |—]— 9TPY — 8SUx8PY 14 g py‘sd g'SXTINA SXINN
paosueApy|fewioN | O|A|Z N | H| I uopelado m \W m _@ \W @ 3 W .mu dluowasun
1,S9¥eIS JO "ON 9poD uoNIpUOD 2 M _.u“m_ wm 3 w
e m El m
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‘uonaNIsul SY1 8yl Buisn usym pasn ag pinoys Gy3 10 ‘vy3 ‘THT ‘oY Jaisibal Aluo « 810N

(PY3® J0 <L NG>)
v —lo —|—- < (1) 195 40D~ 0-PHID v g PY3@ svL «SYL
(zepyd 40 <97 0} TE UG>)
T —o —|— < (cepy3 J0 <GT 10>) ¢l |1 Py3 TS1X3
(9TPY JO <8 01 GT 1G>)
T —|o —|= ~(9TPY Jo <2 U9>) ¢l M PY M'SLX3 six3
T —| 0 —|— (zepy3 40 <9T 0} TENG>) <0 4 1 py3 1TNLX3
T —l0 —|— (9TPY J0 <8 0} ST UG>) 0 Z| M pY M'NLX3 AINE!
PaduBAPY | [WION | D | A HI I uonelsado _ m mm 9® mm, @_._ 2 W m JluoWBUN
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(3) Logical Instructions

1 —lo|t |t |—|— zepya —zepyd - AN PH3 T1ON
1 —lo|t |t |—|— 9TPY ~9TPY - A Pd M'LON
T —lo|t |t |—|— 8py —8pY - Z d Pd 910N 10N
z —lo|t|t|—|— Zepy3 — zesy3neepy3 vio|1 py3'sy3 THOX
€ —lo|t |t |—|— ZEPYT — ZeXX#2epya 9|1 PHIZEXXH 1THOX
1 —lo|t |t |—|— 9TPY ~9TSHIITPY ¢l M pY’sd M'HOX
z —lo|t |t |—|— 9TPY ~ 9TXX#[I9TPY v M PY'9T:XXj M HOX
1 —lo|* |t |—|— 8py 85y 08Py ¢| |4 PY'SH 8 U0X
T —lo|t|t|—|— 8PY — 8XX#18PY z|g pY'g:xx# 9°°HOX HOX
z —lo|" |t |—|— ZEPY3 — ZesYANZEPYT v |1 pY3'sH3 THO
g —lo|t |t |—]— ZEPY T~ ZEXXHIZEPYT 9|1 PY3"CEXXH# THO
1 —lo|* [T |—|— 9TPY ~ 9TSHI9TPY z| |m PY'sd MHO
z —Jol* | |—|— 9TPY — 9T:XX#19TPY v M PH'9TXX# M'HO
T —lo " ]T -]~ 8Py ~ 8518y z| |4 py'sy 940
1 —Jol* == 8pY — gIXX#18PY [E] py‘g:xx# 9°40 fSle}
z —lo "7 |-~ Zepy3 -~ zesyATZEPY v |1 pY3'sy3 TANY
e —lo , e —|— Z5pYT — ZEXX#IZEPYT 91 PHI'ZEXX# TANY
1 —lo| | |-|— 9TPY ~ 9TSHI9TPY z| M pY'sd M'ANY
z —lo H H —|— 9TPY — 9T:XX#19TPY v M pY'9TXX# M'ANY
T —lo| | |-— 8Py ~ 8518y z| |4 pY'sy g'aNY
1 —lol | == 8pY — §IXX#18PY [E] py‘g:xx# 9'ANY anvy
paoueApY |[ewloN | D| A|Z [N | H| I uoirelsdo | @IQIQ|®|Q|0|F ¥ O Jluowaup
S9IeIS JO 'ON | 9poD uonipuod S
Tx ®| 8 215|° 5
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(4) Shift Instructions

as asSWN O

py3‘2# 1T TTHS

pPY3 TIHS

py‘z# M1IHS

pPd M TTHS

py‘z# 9 1THS

pPd " 1THS

TIHS

=ikl E=lE=E ===l k=A== =]
-
|
|

o gs1 asin

py3a‘2# 1UVHS

Pd3a THUVHS

pY‘c# MHVHS

P MUVHS

PyZ# 9°YVHS

Py 9°9VHS

dVHS

o

as7 asSN O

0

py3‘z# TIVHS

PY3 TIVHS

py‘z# MIVHS

Pd MTIVHS

L R e R e e R I I R IR IR B B B B |

-

1 Y

py‘Z# 9 IVHS

pd a1vVHS

VHS

paoueApY | [eWION

O|A|Z|N|H|I

1,591€1S 40 "ON

8poo uoNIPUOD

uolrelado

ee®®
(od'P)@
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O dsi asin

S

py3a‘z# 'YX L0Y

pd3 TYX10d

py‘z# MUX L0

Pd M"YX10d

py‘z# 9°9X10yd

Py g'dX10d

dX10d

-
-

as7 gsSWN O

A

py3a‘Z# 1IXLOY

pyd3 1IX10d

py‘Z# MIXLOY

Py MIXLOY

py‘z# 9 1X10y

Py 971X10d

1X10d

O d9S71 «— dasi

0

py3A‘z# THTHS

Pd3 THIHS

pY‘z# MHTHS

Pd M'HTHS

A | A | A | A | A A A A A A A A A | |

—

-
oOjlojlo|lojlojo|jo|lo|lo|jlojo|o|lO0o|]o|lo|jo|Oo|O
o
o
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|
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pyZ# 9 YIHS

Pd g'dTHS
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O dS71 =-— dsi

I

pY3'c# 1HLON

pPd3 1410y

pY‘e# MHLOY

Pd M'd10d

pY‘e# 9410

pd 94104

d10d

A || A | A | A A | | A |

—

oOjl0o|l0o|lo|loj0o|0o|lo|O0|O0|O| O
-
|
|

as1 asn O

S

py3‘e# 1110

pPd3 171104

py‘e# M1LOY

Pd M1LOY

pY‘e# 91L0Y

pd 971104

1104
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>
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(5) Bit-Manipulation Instructions

e e e e 0~ (9T'ee® Jo guy) 9 g 9TER®’Uy ¥108
. 0~ (g'ee® j0 guy) v g 8EED'Ud 1108
vy |—=|=]=]=—]= 0- (PYID 10 guUY) 1% d pY3I®‘UY Y109
S ) Ry iy 0~ (8py o guy) z| |8 YU ¥108
9  |—=|=|—|—]—]— 0~ (zeee® Jo £:Xx#) 8 g ZeeR@ EXX# Y109
s  |=|=|—]——]= 0~ (9T:eR®) JO :XX#) 9 4 oTieR® 'CiXX# Y109
v ===~ ]= 0~ (8:er® JO £:XX#) 14 d g8ree® 'eiXx# Y109
P ) RN R ) 0~ (PHID 10 £:Xx#) 14 4 PHIO@'eXx# ¥109
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(6) Branch Instructions
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(7) System Control Instructions
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(8) Program Transfer Instructions
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Operation Code Map

A2

Table A.2 shows the operation code map.

TableA.2 Operation Code Map (1)
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S1x3 S1x3 7 7 oaN o3N nix3 nixa 7 7 LON 1ON o

yL0Y ¥10¥ ¥L0¥ ¥XLOY UXLOY uX10Y £T

1L0¥ 110¥ giTe IXLOY IXLOY IXLOY s

UVHS ¥VHS ¥VHS ¥THS ¥THS HTHS 12

WHS WHS TVHS TiHS TiHS TiHS ot

AOW vwa | do

ONI 7 7 ONI 7 saav ONI 7 7 ONI 7 saav | @0

aav ONI )

m_wumw SVl m.m_wwmw m_wwmw d331s 7 oIS | wis wa1 | Aow 10
4 3 a o) g v 6 8 L 9 7 S v £ 7 z 7 T 0 |gut

TableA.2 Operation Code Map (2)
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Appendix A Instruction Set

TableA.2 Operation Code Map (3)

‘uoieolyIoads Ssaippe 8INjosqe 8y sl ee 'z
‘plaly uoreoyoads 1aisiBal ayl s 1 ‘T :SSION

Y109 | LONg | 13sg 2 Leedl
1Sig
Tea Y109 | LONg | 13sg 2,9eed,
a119_—|aNvig— [doXig— 4019
a1a|_—anve|_—toxa| —wuog| S48 i
1slg 2,9eeaL
Y108 | LONg | L3sg 1,L010L
1s18 < ¥108 | 1ONg | 13s8 | .90z
a119_—|aNvig— [doXig— 4019
1]
alig aNvd]_—doxd vog| ‘SL8 140004
1slg 1,9010.
anv | dox do 90410
SXAIQ SXAId 50410
SXINW SXINN 50010
HO 19 HE TV HY|
E| 3 a 2 | v 6 L 9 S v € z T 0o |1
“T SI HA 10 11q JURdUBIS 1SOW USYM UONINISU| HN 1a | Ha 1 HO 19 | Hd ™~ HY
"0 SI HQ 40 1q JuedIubIs 1SOW UsyM uonanisu| a1kq iy a1hq pig a1hq puz a1hq 1sT apo9 uonaNNSu|
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TableA.2 Operation Code Map (4)

uoneoloads ssaippe aInjosge 8y Sl ee 810N

«/eeeeeeeRgey9
d109 | 1ONG | 13s9
._.w_m_._.wm_ «oeeeeeeeegey9
B_ma._m_ ozgm - mox_moé mo_w_ - e —
1S9
xgeeeeeeee)Ly9
4 3 a o) g v 6 . 9 5 v € z 1 0[O AT
19
“T SI HH JO N JuedyiubIs 1SoWw Usym uononIIsu|
"0 SI HH $0 1q 1uediubis 1sow uaym uononisu|
H 7 HH 1 7 HO 4 7 H4 RE| Ha 7a | Ha 10 HO 7 | Hg v HY
a1Aq ui1g a1Aq Ui alAg w9 alkg s alkg yw 8)Aq pig 81Aq pug alAq 1sT 8pod uonoNIsu|
x/EeeegTY9
d109 | LONG | 13s9
1S1d Tsg «9eeeegTv9
aTig_—"|aNvig_—[4oxig—[doIg
«/eeeeQTv9
a8 —GNveL—HoX8l MO8 |4\ g
«9eeRRQTY9
(31AHATOHITIGHETVHY)
4 3 a o} 2] v 6 L 9 S 14 € z T 0 |33
"T SI H4 §O 11 Juedyiubis 1Sow uaym uononisu|
"0 SI H4 40 g ueoiubis 1Sow uaym uononisu|
4 7 H4 13 H3 7a | Ha 10 HO 78 | Hg v HY
alAd w9 alkg s akq uw 8Aq pig 81Aq pug 8lAq 1sT 8p0d uonoNIsu|
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A.3  Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8S/2000 CPU. Table A .4 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A.3 indicates the number of states
required for each cycle, depending on its size. The number of states required for execution of an
instruction can be calculated from these two tables as follows:

Execution states=1 xS +JIxS+K xS +L xS +M xS, +N xS

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in three
states with one wait state and 16-bit bus width.

1. BSET #0, @FFFFC7:8
From table A.4:

I=L=2, J=K=M=N=0
From table A.3:
S=4, §=2
Number of states required for execution=2x4+2x2=12

2. ISR @@30
From table A .4:

I=J=K=2, L=M=N=0
From table A.3:
S:SJ:SK:A].

Number of states required for execution=2x4+2x4+2x4=24
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Table A.3 Number of Statesper Cycle

Access Conditions

Supporting Module

On-Chip

External Device

8-Bit Bus 16-Bit Bus

On-Chip  8-Bit 16-Bit 2-State  3-State 2-State  3-State
Memory Bus Bus Access Access Access Access
Instruction fetch Sl 1 4 2 4 6 +2m 2 3+m
Branch address read SJ
Stack operation SK
Byte data access SL 3+m
Word data access SM 4 4 6 +2m
Internal operation SN 1 1 1 1 1 1

Legend:

m: Number of wait states inserted into external device access
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TableA.4 Number of Cyclesin Instruction Execution

Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Stack Byte Data Word Data Internal
Operation Access Access Operation

J

K L M N

ADD

ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS

ADDS #1/2/4,ERd

ADDX

ADDX #xx:8,Rd
ADDX Rs,Rd

AND

AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC

AND.B #xx:8,CCR
ANDC #xx:8,EXR

BAND

BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

N

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)

NN NRNOMNNONNRNMNRNONNNMNRNOMNOMNNNMNNONNNNDEONNRERNERNMOERENRR[R P[RR, ORN PR R

RENESAS
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Instruction

Mnemonic

Branch

Instruction Address

Fetch Read

Stack
Operation Access

Byte Data Word Data
Access

Internal
Operation

| J

K

L

M

N

Bcc

BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

e

BCLR

BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd

BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

NN NN

NN NN

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

e

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

e

BIOR

BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

AW NNPRPIEONMNPRIAE WONNPR(AMAR ONDNME R ONDNDEPNNDMDNMNDDNDMNNDDNDMNDNDNDDNDMDNDDNDN

N
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Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Stack Internal
Operation Operation

Byte Data Word Data
Access Access

J

K L M N

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

NN NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

e T

BLD

BLD #xx:3,Rd

BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

e

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

NN NN

N N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

e

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

B W NNEDONMDNDERPIEWONMNDERIAE ONMNNEDAONNDPRIEAEONMDNDPR([RARONNDRERIA,:ONDNEPR

NN NN

NN NN

RENESAS
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Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

BSR BSR d:8 Normal

Advanced

BSR d:16 Normal

1
2
1
2

Advanced

BST BST #xx:3,Rd
BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

NN NN

BTST BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd
BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

N

N

BXOR BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

e

CMP CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA DAA Rd
DAS DAS Rd
DEC DEC.B Rd

DEC.W #1/2,Rd
DEC.L #1/2,ERd

P RPIN NP P PRPIRP(RPIP OFRPNREPRPIDEODNMNNDERERIEONMNEDSEONMNPR[EAEONDNNPRININININ

DIVXS DIVXS.B Rs,Rd 11
DIVXS.W Rs,ERd 19
DIVXU DIVXU.B Rs,Rd 11
DIVXU.W Rs,ERd 19
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Instruction

Mnemonic

Branch

Instruction Address

Fetch

Read

Stack Byte Data Word Data Internal
Operation Access Access Operation

J

K L M N

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 22
2n + 22

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERn
JMP @aa:24

JMP @@aa:8

Normal

Advanced

JSR

JSR @ERnN

Normal

Advanced

JSR @aa:24

Normal

Advanced

JSR @@aa:8

Normal

Advanced

NP N RN R
-

LDC

LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR

LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR

LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

N N

LDM*®

LDM.L @SP+,(ERn—ERn+1)
LDM.L @SP+,(ERn-ERN+2)
LDM.L @SP+,(ERn—ERN+3)

RENESAS
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Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

MOV MOV.B #xx:8,Rd
MOV.B Rs,Rd
MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@—-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd
MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd
MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd
MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)

P R R R R R RRRRRRRR

G W N B WNOU WNERPR WWNEMAMNEWNMEANMEPRPRPDNWNEREPPRBAEDNEREONERRRAMDNDIERELRLPRE
N N

N DN DN DNDNDNDNDDNDDN
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Instruction

Mnemonic

Branch
Instruction Address
Fetch Read

Stack
Operation Access

Byte Data Word Data
Access

Internal
Operation

| J

K L M

N

MOV

MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

2
3
4

2
2
2

1

MOVFPE

MOVFPE @:aa:16,Rd

Cannot be used in the H8S/2245 Group

MOVTPE

MOVTPE Rs,@:aa:16

Cannot be used in the H8S/2245 Group

MULXS

MULXS.B Rs,Rd
MULXS.W Rs,ERd

11
19

MULXU

MULXU.B Rs,Rd
MULXU.W Rs,ERd

11
19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC

ORC #xx:8,CCR
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERNn

PUSH

PUSH.W Rn
PUSH.L ERn

N BN

P PP P

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR

ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

P R R R R R[RPRRPRRRRRINRNMRERNMEINMORE,NRRR R RRR R RRRINON

RENESAS
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Instruction

Mnemonic

Instruction
Fetch

Branch
Address
Read

Stack Byte Data Word Data Internal
Operation Access Access Operation

J

K L M N

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3** 1

RTS

RTS Normal

Advanced

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

RlRr RrRPPRPRRRPRRRPRRPPRPRRPRPRRPRRERRPRERRRERRRPRNNNRERRRERRRRRRR R R
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Branch
Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
STC STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32
STM*® STM.L (ERn-ERn+1),@-SP
STM.L (ERn-ERN+2),@-SP
STM.L (ERN-ERN+3),@-SP
SuUB SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd
SUBS SUBS #1/2/4,ERd
SUBX SUBX #xx:8,Rd
SUBX Rs,Rd
TAS** TAS @ERd
TRAPA TRAPA #xx:2 Normal
Advanced

=

1 2/3** 2
2/3** 2

N

XOR XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd
XOR.L #xx:32,ERd
XOR.L ERs,ERd
XORC XORC #xx:8,CCR
XORC #xx:8,EXR
Notes: 1. 2 when EXR is invalid, 3 when EXR is valid.
2. When n bytes of data are transferred.
3. Only register ERO to ER6 should be used when using the STM/LDM instruction.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

PN WP NP RP[INNDNDPERPIRPIRPORPNDERNNDNDEDSOWDNDNDOOOOWWDNDNNR P

N
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Appendix B Register Field

B.1 Register Addresses
Bus

Address Register Module Width
(Low) Name  Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl  Bit0  Name  (Bit)
HF800 MRA SMI SMO DMI DMO MD1I  MDO DTS Sz DTC 16/32*
S,FBFF MRB CHNE DISEL — - - - - -

SAR

DAR

CRA

CRB
HFEBO PIDDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P1ODDR Portl 8
HFEBL P2DDR  P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR Port 2
HFEB2 P3DDR — — P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR Port 3
HFEB4 PSDDR  — - - - PS3DDR P52DDR PS51DDR PSODDR Port 5
HFEB9 PADDR — - - — PA3DDR PA2DDR PALDDR PAODDR Port A
HFEBA PBDDR PB7DDR PB6DDR PBSDDR PB4DDR PB3DDR PB2DDR PBIDDR PBODDR PortB
HFEBB PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PCIDDR PCODDR PortC
HFEBC PDDDR PD7DDR PD6DDR PDSDDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR Port D
HFEBD PEDDR PE7DDR PE6DDR PESDDR PE4DDR PE3DDR PE2DDR PEIDDR PEODDR Port E
HFEBE PFDDR PF7DDR PF6DDR PFSDDR PF4DDR PF3DDR PF2DDR PFIDDR PFODDR Port F
HFEBF PGDDR — — — PGA4DDR PG3DDR PG2DDR PG1DDR PGODDR Port G
HFECO ICRA ICRA7 ICRA6 ICRA5 ICRA4 ICRA3 ICRA2 ICRAL — Interrupt 8
HFECL ICRB - ICRB6 ICRB5 ICRB4 ICRB3 — - - controller
HFEC2 ICRC ICRC7 ICRC6 — ICRC4 ICRC3 ICRC2 ICRCL ICRCO
HFEDO ABWCR ABW7 ABW6 ABWS ABW4 ABW3 ABW2 ABWL ABWO  Bus 8
HFEDL ASTCR AST7  AST6 AST5  AST4 AST3 AST2 ASTL  Asto  conwoler
HFED2 WCRH W71 W70 W6l W60  W5L W50 W4l W40
HFED3 WCRL W31 W30 W2l W20 Wil W10 WOl W00
HFED4 BCRH  ICISL  ICISO  BRSTRM BRSTS1 BRSTSO — — —
HFED5 BCRL  BRLE BREQOE EAE  — - ASS  — WAITE
HFF2C ISCRH  IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA Interrupt 8
HFF2D ISCRL  IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQISCA IRQOSCB IRQOSCA COntroNer
HFF2E  IER IRQ7E  IRQ6E IRQSE IRQ4E IRQ3E IRQ2E IRQLE  IRQOE
HFF2F ISR IRQ7F  IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F  IRQLF  IRQOF
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Bus
Address Register Module Width
(Low) Name  Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl  Bit0  Name  (Bit)
HFF30 DTCEA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEAL DTCEAQ DTC 8
HFF31 DTCEB DTCEB7 DTCEB6 DTCEB5 DTCEB4 DTCEB3 DTCEB2 DTCEBL DTCEBO
HFF32 DTCEC DTCEC7 DTCEC6 DTCECS DTCEC4 DTCEC3 DTCEC2 DTCECL DTCECO
HFF33 DTCED DTCED7 DTCED6 DTCEDS DTCED4 DTCED3 DTCED2 DTCEDL DTCEDO
HFF34 DTCEE DTCEE7 DTCEE6 DTCEE5 DTCEE4 DTCEE3 DTCEE2 DTCEEL DTCEEO
HFF35 DTCEF DTCEF7 DTCEF6 DTCEF5 DTCEF4 DTCEF3 DTCEF2 DTCEF1 DTCEFO
HFF37 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO
HFF38 SBYCR SSBY STS2 STSL STSO OPE  — — — Power- 8
down state
HFF39 SYSCR — — INTMI  INTMO NMIEG — — RAME  MCU 8
HFF3A SCKCR PSTOP — — — — SCK2  SCK1  SCKO  Clock 8
pulse
generator
HFF3B MDCR  — - - - - MDS2 MDS1 MDSO  MCU 8
HFF3C MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP1l MSTP10 MSTP9 MSTP8 Power- 8
HFF3D MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTPL1 MsTpo CoWnstate
HFF44 LPWCR — — RFCUT — — — — — Clock 8
pulse
generator
HFFS0 PORTL P17 P16 P15 P14 P13 P12 P11 P10 Port 1 8
HFFS1 PORT2 P27 P26 P25 P24 P23 P22 P21 P20 Port 2
HFF52 PORT3 — — P35 P34 P33 P32 P31 P30 Port 3
HFF53 PORT4 — — — — P43 P42 P41 P40 Port 4
HFFS54 PORT5  — - - - P53 P52 P51 P50 Port 5
HFFS9 PORTA — — - — PA3 PA2 PAL PAO Port A
HFFSA PORTB  PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO Port B
HFFSB PORTC  PC7 PC6 PCS5 PC4 PC3 PC2 PC1 PCO Port C
HFFSC PORTD  PD7 PD6 PDS5 PD4 PD3 PD2 PD1 PDO Port D
HFFSD PORTE  PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO Port E
HFFSE PORTF  PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO Port F
HFFSF PORTG — — — PG4 PG3 PG2 PGl  PGO  PortG

HFF60 PI1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR Port1l

HFF61 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR Port2
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Bus
Address Register Module Width
(Low)  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
HFF62 P3DR — — P35DR P34DR P33DR P32DR P31DR P30DR Port3 8
HFF64 P5DR — — — — P53DR P52DR P51DR  PS50DR  Port5
HFF69 PADR — — — — PA3DR PA2DR PAIDR PAODR PortA
HFF6A PBDR PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PBIDR PBODR PortB
H'FF6B PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PCIDR PCODR PortC
H'FF6C PDDR PD7DR PD6DR PDS5DR PD4DR PD3DR PD2DR PD1DR PDODR Port D
HFF6D PEDR PE7DR PE6DR PE5DR PE4DR PE3DR PE2DR PEIDR PEODR PortE
HFF6E PFDR PF7TDR PF6DR PF5DR PF4DR PF3DR PF2DR PFIDR PFODR PortF
HFF6F PGDR — — — PG4DR PG3DR PG2DR PGI1DR PGODR Port G
HFF70 PAPCR  — — — — PA3PCR PA2PCR PA1PCR PAOPCR Port A
HFF71 PBPCR  PB7PCR PB6PCR PB5PCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR PortB
HFF72 PCPCR  PC7PCR PC6PCR PCS5PCR PC4PCR PC3PCR PC2PCR PCI1PCR PCOPCR PortC
HFF73 PDPCR  PD7PCR PD6PCR PDS5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR Port D
HFF74 PEPCR  PE7PCR PEBPCR PE5PCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR PortE
HFF76 P30DR  — — P350DR P340DR P330DR P320DR P310DR P300DR Port 3
HFF77 PAODR — — — — PA30ODR PA20DR PA1ODR PAOODR Port A
H'FF78 SMRO C/IA CHR PE O/E STOP  MP CKS1  CKSO  SCIo 8
SMRO GM CHR PE O/E STOP MP CKS1 CKSO Smart card
interface 0
HFF79 BRRO sclo,
Smart card
interface 0
HFF7A  SCRO TIE RIE TE RE MPIE TEIE CKE1  CKEO  SCIo,
SCRO  TIE RIE TE RE MPIE TEE  CKEL ckeo omatcard
interface 0
HFF7B TDRO

HFF7C SSRO TDRE RDRF ORER FER PER TEND MPB MPBT SCI0

SSRO TDRE RDRF ORER ERS PER TEND MPB MPBT Smart card

interface 0
HFF7D RDRO SCIO,

Smart card
HFF7E SCMRO  — — — — SDIR SNV = — SmiF  orartear

interface 0
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Bus
Address Register Module Width
(Low) Name Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bitl  Bit0  Name (Bit)
HFF80 SMR1 CiA CHR  PE OfE STOP  MP CKS1 CKSO  SCIt 8
SMR1 GM CHR PE OE STOP MP CKS1 CKSO0 Smart card
interface 1
HFF8L BRR1 sci,
Smart card
interface 1
HFF82 SCR1 TIE RIE TE RE MPIE TEIE CKEl CKEO  SCIL,
SCR1 TIE RIE TE RE MPIE  TEIE  CKEl CKkgo orartcard
interface 1
HFF83 TDR1
HFF84 SSR1 TDRE RDRF ORER FER PER TEND MPB  MPBT  SCIl
SSR1 TDRE RDRF ORER ERS PER TEND MPB  MPBT  Smartcard
interface 1
HFF85 RDRL sci,
HFF86 SCMRL — — — — SDIR  SINV  — swig  omartcard
interface 1
HFF88 SMR2 CIA CHR PE O/E STOP MP CKs1 CKSO0 SCI2
SMR2 GM CHR  PE OfE STOP  MP CKS1  CKSO  Smartcard
interface 2
HFF89 BRR2 sciz,
Smart card
interface 2
HFF8A SCR2 TIE RIE TE RE MPIE TEIE  CKE1 CKEO  SCI2,
SCR2 TIE RIE TE RE MPIE  TEIE  CKE1 Ckgo omartcard
interface 2
HFF8B TDR2
HFF8C SSR2 TDRE RDRF ORER FER PER TEND MPB  MPBT  SCI2
SSR2 TDRE RDRF ORER ERS PER TEND MPB  MPBT  Smartcard
interface 2
HFF8D RDR2 sciz,
HFFSE SCMR2 — — — — SDR  SINV = — swi  omartcard
interface 2
HFFO0 ADDRAH AD9 ADS AD7 AD6 ADS AD4 AD3 AD2 AID 8
HFF91 ADDRAL AD1 ADO — — — — — — converter
HFF92 ADDRBH AD9 ADS AD7 AD6 ADS AD4 AD3 AD2
HFF93 ADDRBL AD1 ADO — — — — — —
HFF94 ADDRCH AD9 ADS AD7 AD6 ADS AD4 AD3 AD2
HFF95 ADDRCL AD1 ADO — — — — — —
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Bus

Address Register Module Width

(Low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)

H'FF96 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D 8

HFF97 ADDRDL AD1  ADO  — — - - - - converter

H'FF98 ADCSR ADF ADIE ADST SCAN CKS — CH1 CHO

H'FF99 ADCR TRGS1 TRGSO — — — — — —

H'FFBO TCRO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 8-bit timer 16
channel 0

HFFB1 TCR1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 8-bit timer
channel 1

H'FFB2 TCSRO CMFB CMFA OVF ADTE 0S3 0S2 0Ss1 0S0 8-bit timer
channel 0

H'FFB3 TCSR1 CMFB CMFA OVF — 0S3 0S2 0s1 0Ss0 8-bit timer
channel 1

H'FFB4 TCORAO 8-bit timer
channel 0

H'FFB5 TCORA1 8-bit timer
channel 1

H'FFB6 TCORBO 8-bit timer
channel 0

H'FFB7 TCORB1 8-bit timer
channel 1

H'FFB8 TCNTO 8-bit timer
channel 0

H'FFB9 TCNT1 8-bit timer
channel 1

H'FFBC TCSR OVF WTAT TME — — CKS2 CKS1 CKSO0 WDT 16

(write)

H'FFBC

(read)

H'FFBC TCNT WDT

(write)

H'FFBD

(read)

HFFBE RSTCSR WOVF RSTE RSTS — — — — — WDT

(write)

H'FFBF

(read)
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Bus
Address Register Module Width
(Low)  Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name (Bit)
HFFCO TSTR — — — — — CST2 CSTL  CSTO  TPU 16
HFFC1 TSYR — — — — — SYNC2 SYNC1 SYNCO
H'FFDO TCRO CCLR2 CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSC1 TPSCO TPUO 16
HFFD1 TMDRO  — — BFB BFA MD3 MD2 MD1 MDO
H'FFD2 TIOROH  10B3 I0B2 10B1 I0BO I0A3 I0A2 I0AL I0AO0
H'FFD3 TIOROL  10D3 I10D2 IoD1 10D0 loC3 loc2 I10C1 10CO
H'FFD4 TIERO TTGE  — — TCIEV TGIED TGIEC TGIEB TGIEA
H'FFD5 TSRO — — — TCFV  TGFD TGFC  TGFB  TGFA
H'FFD6 TCNTO
H'FFD8 TGROA
H'FFDA TGROB
H'FFDC TGROC
H'FFDE TGROD
H'FFEO TCR1 — CCLR1 CCLRO CKEG1l CKEGO TPSC2 TPSC1 TPSCO TPUlL 16
HFFEl TMDR1  — — — — MD3 MD2 MD1 MDO
HFFE2 TIOR1 10B3 I10B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0
H'FFE4 TIERL TTGE  — TCIEU TCIEV —— — TGIEB  TGIEA
H'FFE5 TSR1 TCFD  — TCFU  TCFV  — — TGFB  TGFA
H'FFE6 TCNT1
H'FFES TGRI1A
H'FFEA TGR1B
H'FFFO TCR2 — CCLR1 CCLRO CKEG1l CKEGO TPSC2 TPSC1 TPSCO TPU2 16
HFFFL TMDR2  — — — — MD3 MD2 MD1 MDO
HFFF2 TIOR2 10B3 I0B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0
H'FFF4 TIER2 TTGE  — TCIEU TCIEV —— — TGIEB  TGIEA
H'FFF5 TSR2 TCFD  — TCFU  TCFV  — — TGFB  TGFA
H'FFF6 TCNT2
HFFF8 TGR2A
H'FFFA TGR2B
Note: * Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as

register information, and 16 bits otherwise.
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Appendix B Register Field

B.2 Register Descriptions

MRA—DTC Mode Register A H'F800—H'FBFF DTC
Bit : 7 6 5 4 3 2 1 0
| SMm1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |

Initial value : Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : — — — — — — = _

DTC Data
Transfer Size

0 | Byte-size
transfer

1 | Word-size
transfer

DTC Transfer Mode Select

0 | Destination side is repeat
area or block area

1 | source side is repeat area
or block area

DTC Mode —

0 | 0 | Normal mode

Repeat mode

1
1 | 0 | Block transfer mode
1

Destination Address Mode

0 | — | DAR s fixed

1| 0 | pARisincremented 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)

Source Address Mode

0 | — | SAR is fixed

1 | 0 | saRis 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)
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MRB—DTC Mode Register B H'F800—H'FBFF DTC

Bit : 7 6 5 4 3 2 1 0
CHNE DISEL — — — — — _
Initial value :  Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : = — — — — — — _

DTC Interrupt Select

0 | After a data transfer ends, the CPU interrupt is
disabled unless the transfer counter is 0

1 | After a data transfer ends, the CPU interrupt is enabled

DTC Chain Transfer Enable
0 | End of DTC data transfer

1 | DTC chain transfer

SAR—DTC Source Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde- Unde-Unde- Unde- S Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined
Read/Write : —_ = = = = - - = = = =

Specifies transfer data source address

DAR—DTC Destination Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
iti - Unde- Unde- Unde- Unde- Unde- R Unde- Unde- Unde- Unde- Unde-
Initial value : firr:efi firr11e§ figeg figeg fi?leg figeg fi?leg fi?leg firrleg firrlelcei
Read/Write : @ — — — — — R - - - —

Specifies transfer data destination address
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CRA—DTC Transfer Count Register A H'F800—H'FBFF DTC

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

Read/Write : @— — — - - —_ @ — - - = = = = = = =
-4+————— CRAH —»=a«+—————— CRAL —M»
\
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'F800—H'FBFF DTC
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

Read/Write : — — — - - - - - - — — = = =
|
Specifies the number of DTC block data transfers

P1DDR—Port 1 Data Direction Register H'FEBO Port 1

Bit : 7 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
Read/Write : W W W W w w W \

Specify input or output for individual port 1 pins
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P2DDR—Port 2 Data Direction Register H'FEB1 Port 2
Bit : 7 6 5 4 3 2 1 0
| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR |P22DDR | P21DDR| P20DDR‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W W Y w w w W W

Specify input or output for individual port 2 pins

P3DDR—Port 3 Data Direction Register H'FEB2 Port 3
Bit . 7 6 5 4 3 2 1 0
— — P35DDR|P34DDR|P33DDR |P32DDR [ P31DDR|P30DDR
Initial value :  Undefined Undefined 0 0 0 0 0 0
Read/Write : _ — W \Y; W W W W

Specify input or output for individual port 3 pins

P5DDR—Port 5 Data Direction Register H'FEB4 Port 5
Bit : 7 6 5 4 3 2 1 0

— — — — P53DDR |P52DDR | P51DDR|P50DDR
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — w w W W

Specify input or output for individual port 5 pins
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PADDR—Port A Data Direction Register

H'FEB9

Port A
Bit 7 6 5 4 3 2 1 0
— — — — PA3DDR|PA2DDR|PA1DDR|PAODDR
Initial value Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write — — — — w W W W

Specify input or output for individual port A pins

PBDDR—Port B Data Direction Register H'FEBA Port B
Bit 7 6 5 4 3 2 1 0
PB7DDR| PB6DDR|PB5DDR|{PB4DDR|PB3DDR|PB2DDR|PB1DDR|PBODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w W % w w w W w
Specify input or output for individual port B pins
PCDDR—Port C Data Direction Register H'FEBB Port C
Bit 7 6 5 4 3 2 1 0
PC7DDR|PC6DDR|PC5DDR|{PC4DDR|PC3DDR|PC2DDR|PC1DDR|PCODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w " w w w W W w

Specify input or output for individual port C pins
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PDDDR—Port D Data Direction Register H'FEBC Port D
Bit : 7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|PD4DDR|PD3DDR|PD2DDR [PD1DDR{PDODDR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : w W W w W w w W

Specify input or output for individual port D pins

PEDDR—Port E Data Direction Register H'FEBD Port E
Bit : 7 6 5 4 3 2 1 0
|PE7DDR|PE6DDR|PE5DDR|PE4DDR|PE3DDR|PE2DDR|PElDDR|PEODDR‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W W Wi w w w " W

Specify input or output for individual port E pins

PFDDR—Port F Data Direction Register H'FEBE Port F

Bit : 7 6 5 4 3 2 1 0
|PF7DDR| PF6DDR| PF5DDR| PF4DDR| PF3DDR|PF2DDR | PF1DDR|PFODDR‘
Modes 1, 2,4,5, 6

Initial value 1 0 0 0 0 0 0 0
Read/Write : Wi w W w W W w

Modes 3, 7

Initial value : 0 0 0 0 0 0 0 0
Read/Write : W w W w W W w

Specify input or output for individual port F pins
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PGDDR—Port G Data Direction Register H'FEBF Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4DDR|PG3DDR(PG2DDR|PG1DDR|PGODDR
Modes 1, 4,5
Initial value . Undefined Undefined Undefined 1 0 0 0 0
Read/Write — — — W w w
Modes 2, 3, 6, 7
Initial value  : Undefined Undefined Undefined 0 0 0 0 0
Read/Write — — — \Wi W W \Wi \WY;
Specify input or output for individual port G pins
ICRA—Interrupt Control Register A H'FECO Interrupt Controller
ICRB—Interrupt Control Register B H'FEC1 Interrupt Controller
|CRC—Interrupt Control Register C H'FEC2 Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the interrupt control level for interrupts

Correspondence between Interrupt Sources and ICR Settings

Bits
Register
7 6 5 4 3 2 1 0
ICRA |IRQ0O |IRQ1 |IRQ2 |IRQ4 |IRQ6 |DTC Watchdog| —
IRQ3 |IRQ5 |[IRQ7 timer
ICRB |— A/D TPU TPU TPU — — —

converter|channel 0 |channel 1 | channel 2

ICRC |8-hit 8-bit — SCI SCI SCI — —
timer timer channel 0| channel 1ichannel 2
channel 0|channel 1
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ABWCR—BusWidth Control Register H'FEDO Bus Controller

Bit : 7 6 5 4 3 2 1 0
ABW7 ABW6 | ABW5 ABW4 | ABW3 | ABW?2 ABW1 [ ABWO
Modes 1, 2,3,5,6, 7

Initial value : 1 1 1 1 1 1 1 1
Read/Write 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
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 Bus Width Control

0 | Areanis designated for 16-bit access

1 | Areanis designated for 8-bit access

Note: n=7t00

ASTCR—Access State Control Register H'FED1 Bus Controller
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 Access State Control

0 | Areanis designated for 2-state access

Wait state insertion in area n external space is disabled.

1 | Areanis designated for 3-state access

Wait state insertion in area n external space is enabled

Note: n=71t00
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WCRH—Wait Control Register H H'FED2 Bus Controller
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
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 4 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 5 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 6 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted

Area 7 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
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Bit

Initial value :

WCRL—Wait Control Register L H'FED3 Bus Controller
7 6 5 4 3 2 1 0
| w31 | w30 | w21 | w20 | wil | W10 | wo1 | W00 |
1 1 1 1 1 1 1 1
RIW RIW RIW RIW RIW RIW RIW RIW

Read/Write :

Area 0 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0O |2 program wait states inserted
1 |3 program wait states inserted

Area 1 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0O |2 program wait states inserted
1 |3 program wait states inserted

Area 2 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
Area 3 Wait Control
0 | 0 |Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
0
1

3 program wait states inserted
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BCRH—Bus Control Register H H'FED4 Bus Controller
Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl|BRSTSO| — | — | — |
Initial value : 1 1 0 1 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Burst Cycle Select 0

0 | Max. 4 words in burst access

1 | Max. 8 words in burst access

Burst Cycle Select 1

0 | Burst cycle comprises 1 state

1 | Burst cycle comprises 2 states

Area 0 Burst ROM Enable

0 | Area0 is basic bus interface

1 | Area0is burst ROM interface

Idle Cycle Insert 0

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

Idle Cycle Insert 1

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
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BCRL—Bus Control Register L

Bit

Initial value :
Read/Write :

H'FEDS Bus Controller
7 6 5 4 2 1 0
BRLE |BREQOE| EAE — ASS — WAITE
0 0 1 1 1 0 0
RW RW RW RW RW RW RW RW

WAIT Pin Enable

0 | Wait input by WAIT
pin disabled

1 | Wait input by WAIT
pin enabled

Area Partition Unit Select

0

Area partition unit is 128 kbytes (1 Mbit)

1

Area partition unit is 2 Mbytes (16 Mbits)

External Addresses H'010000 to H'01FFFF Enable

0 On-chip ROM (H8S/2246 and H8S/2245) or a reserved
area (H8S/2244, H8S/2243, H8S/2242, and H8S/2241)

1 | External addresses (in external expansion mode) or
reserved area* (in single-chip mode)

BREQO Pin Enable

0 | BREQO output disabled
1 | BREQO output enabled

Bus Release Enable

0 External bus release is disabled

1 External bus release is enabled

Note: * Do not access a reserved area.

RENESAS
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Appendix B Register Field

ISCRH—IRQ Sense Control Register H H'FF2C Interrupt Controller
ISCRL—IRQ Sense Control Register L H'FF2D Interrupt Controller
ISCRH
Bit 15 14 13 12 11 10 9 8

IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

IRQ7 to IRQ4 Sense Control

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
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

IRQ3 to IRQq Sense Control
IRQ,SCB|IRQ,SCA Interrupt Request Generation
0 0 IRQ, input low level
1 Falling edge of IRQ,, input
1 0 Rising edge of IRQ,, input
1 Both falling and rising edges of IRQ,, input
Note: n=71t00
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Appendix B Register Field

|[ER—IRQ Enable Register H'FF2E Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
IRQnN Enable

0 | IRQn interrupt disabled

1 | IRQn interrupt enabled
Note: n=71t00

ISR—IRQ Status Register H'FF2F Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF
Initial value : 0 0 0 0 0 0 0 0

Read/Write :  R/W)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)*  RI(W)*

Indicate the status of IRQ7 to IRQO interrupt requests

Note: * Can only be written with O for flag clearing.
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Appendix B Register Field

DTCER—DTC Enable Registers H'FF30to H'FF35 DTC
Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

DTC Activation Enable

0 | DTC activation by this interrupt is disabled

[Clearing conditions]

» When the DISEL bit is 1 and data transfer has ended
* 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

Correspondence between interrupt sources and DTCER bits

Register Bt

7 6 5 4 3 2 1 0
DTCERA | IRQO | IRQ1 | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7
DTCERB — ADI TGIOA | TGIOB | TGIOC | TGIOD | TGI1A | TGI1B
DTCERC | TGI2A | TGI2B — — — — — —
DTCERD — — — — CMIAO | CMIBO | CMIAL | CMIB1
DTCERE — — — — RXIO TXIO RXI1 TXI1
DTCERF | RXI2 TXI2 — — — — — —
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Appendix B Register Field

DTVECR—DTC Vector Register H'FF37 DTC
Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVEC5|({DTVEC4|(DTVEC3|DTVEC2 |DTVEC1|DTVECO
Initial value : 0 0 0 0 0 0 0 0

Read/Write :  R/(W)*1 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 RI(W)*2 R/(W)*2

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled

[Clearing conditions]

« When the DISEL bit is 0 and the specified number of transfers have not ended

« When 0 is 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 activated by software

Notes: 1. A value of 1 can always be written to the SWDTE bit, but 0 can only be written after 1

is read.
2. Only write to bits DTVEC6 to DTVECO when SWDTE is 0.
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Appendix B Register Field

Power-Down State

SBY CR—Standby Control Register H'FF38
Bit : 7 6 5 4 3 2 1 0

| ssey | sts2 | sts1 | stso| opE | — [ — | — |
Initial value : 0 0 0 0 1 0 0 0

Read/Write : R/W

R/W R/W R/W R/W — —

L Output Port Enable

0 | In software standby mode, address bus and bus
control signals are high-impedance

1 In software standby mode, address bus and bus
control signals retain output state

Standby Timer Select

0 | 0 | O | Standby time = 8192 states
1 | Standby time = 16384 states
1 | 0 | Standby time = 32768 states
1 | Standby time = 65536 states
1| 0| 0 |Standby time = 131072 states
1 | Standby time = 262144 states
1 | 0 | Reserved
1 | Standby time = 16 states

Software Standby

0

Transition to sleep mode after execution of SLEEP instruction

1

Transition to software standby mode after execution of SLEEP instruction
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SY SCR—System Control Register H'FF39 MCU
Bit : 7 6 5 4 3 2 1 0

— — INTM1 INTMO | NMIEG — — RAME
Initial value : 0 0 0 0 0 0 0 1
Read/Write : R/W — R/W R/W RIW — — R/W

RAM Enable* Q

0 | On-chip RAM disabled
1 | On-chip RAM enabled

Note: * When the DTC is used,
the RAME bit should
not be cleared to 0.

NMI Input Edge Select

0 | Falling edge

1 | Rising edge

Interrupt Control Mode Selection

0 | O | Interrupt control mode O

Interrupt control mode 1

1
1 | O | Setting prohibited
1 | Setting prohibited
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Appendix B Register Field

SCKCR—System Clock Control Register H'FF3A Clock Pulse Generator
Bit : 7 6 5 4 3 2 1 0
lpstor| — | — | — | — | scke | scka | scko |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RwW_ R/W — — — R/W R/W R/W

Bus Master Clock Select

0 | 0 | O | Busmasterisin high-speed mode
1 | Medium-speed clock is @/2
1 | 0 | Medium-speed clock is ¢/4
1 | Medium-speed clock is @/8
1| 0| 0 | Medium-speed clock is ¢/16
1 | Medium-speed clock is ¢/32
1 — J—
@ Clock Output Control
. Software Hardware
PSTOP | Normal Operation Sleep Mode Standby Mode Standby Mode
0 @ output @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
MDCR—M ode Control Register H'FF3B MCU
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | — | MDS2 | MDS1 | MDSO |
Initial value : 1 0 0 0 0 —* —* —*
Read/Write : — — — — — R R R

Current mode pin operating mode

Note: * Determined by pins MD, to MDg
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Appendix B Register Field

MSTPCRH—M odule Stop Control Register H H'FF3C Power-Down State

MSTPCRL—M odule Stop Control Register L H'FF3D Power-Down State
MSTPCRH MSTPCRL

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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

Specifies module stop mode

0 | Module stop mode cleared

1 | Module stop mode set

LPWCR—L ow Power Control Register H'FF44 Clock Oscillator
Bit : 7 6 5 4 3 2 1 0
— — | RFCUT| — — — — —
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Control of Oscillator's Built-In Feedback Resistor in External Clock Input

0 | Oscillator's built-in feedback resistor and duty adjustment circuit are
used

1 | Oscillator's built-in feedback resistor and duty adjustment circuit are
not used
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Appendix B Register Field

PORT1—Port 1 Register H'FF50 Port 1
Bit : 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 1 pins
Note: * Determined by the state of pins P1; to P1,.
PORT2—Port 2 Register H'FF51 Port 2
Bit : 7 6 5 4 3 2 1 0
| P27 | P26 | P25 | P24 | P23 | P22 | P21 P20 ‘
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 2 pins
Note: * Determined by the state of pins P2; to P2,,.
PORT3—Port 3 Register H'FF52 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30
Initial value : Undefined Undefined —* — —* —* —* —*
Read/Write : — — R R R R R R

State of port 3 pins

Note: * Determined by the state of pins P35 to P3g.
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Appendix B Register Field

PORT4—Port 4 Register H'FF53 Port 4
Bit 7 6 5 4 3 2 1 0
— — — — P43 P42 P41 P40
Initial value : Undefined Undefined Undefined Undefined ——* —* —* —*
Read/Write : — — — — R R R R
State of port 4 pins
Note: * Determined by the state of pins P43 to P4q.
PORT5—Port 5 Register H'FF54 Port 5
Bit 7 6 5 4 3 2 1 0
— — — — P53 P52 P51 P50
Initial value : Undefined Undefined Undefined Undefined = —* —* —* —*
Read/Write : — — — — R R R R
State of port 5 pins
Note: * Determined by the state of pins P53 to P5q.
PORTA—Port A Register H'FF59 Port A
Bit 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PA1 PAO
Initial value : Undefined Undefined Undefined Undefined —* —* —* —*
Read/Write : — — — — R R R R

Note: * Determined by the state of pins PA3 to PA,.

State of port A pins
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Appendix B Register Field

PORTB—Port B Register H'FF5A Port B
Bit : 7 6 5 4 3 2 1 0
| PB7 | PB6 | PB5 | PB4 | PB3 PB2 PB1 PBO |
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port B pins
Note: * Determined by the state of pins PB; to PBg.
PORTC—Port C Register H'FF5B Port C
Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port C pins
Note: * Determined by the state of pins PC; to PCy,.
PORTD—Port D Register H'FF5C Port D
Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R

State of port D pins

Note: * Determined by the state of pins PD; to PD,.

Rev.3.00 Mar. 26, 2007 Page 666 of 772
REJ09B0355-0300
RENESAS



Appendix B Register Field

PORTE—Port E Register H'FF5D Port E
Bit : 7 6 5 4 3 2 1 0
| PE7 | PE6 | PES5S | PE4 | PE3 | PE2 | PE1 PEO ‘
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port E pins
Note: * Determined by the state of pins PE; to PE,.
PORTF—Port F Register H'FF5E Port F
Bit : 7 6 5 4 3 2 1 0
| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 PFO ‘
Initial value : —* —* _x _* _* _x _x _
Read/Write : R R R R R R R R
State of port F pins
Note: * Determined by the state of pins PF; to PFg.
PORTG—Port G Register H'FF5F Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO
Initial value : Undefined Undefined Undefined — —* —* —* —* —*
Read/Write : — — — R R R R R

State of port G pins

Note: * Determined by the state of pins PG, to PGg.
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Appendix B Register Field

P1DR—Port 1 Data Register H'FF60 Port 1
Bit : 7 6 5 4 3 2 1 0
| P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 1 pins (P17 to P1p)

P2DR—Port 2 Data Register H'FF61 Port 2
Bit : 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 2 pins (P27 to P2)

P3DR—Port 3 Data Register H'FF62 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Stores output data for port 3 pins (P3s to P3p)
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Appendix B Register Field

P5DR—Port 5 Data Register H'FF64 Port 5
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | P53DR | P52DR | P51DR | P50DR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port 5 pins (P53 to P5g)

PADR—Port A Data Register H'FF69 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3DR | PA2DR | PA1DR | PAODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port A pins (PAz to PAg)

PBDR—Port B Data Register H'FF6A Port B
Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W RIW R/W R/W R/W R/W R/W

Stores output data for port B pins (PB; to PBy)
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Appendix B Register Field

PCDR—Port C Data Register H'FF6B Port C
Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port C pins (PC+to PCy)

PDDR—Port D Data Register H'FF6C Port D
Bit : 7 6 5 4 3 2 1 0
| PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR ‘
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port D pins (PD; to PDg)

PEDR—Port E Data Register H'FF6D Port E
Bit : 7 6 5 4 3 2 1 0
| PE7DR | PEGDR | PESDR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port E pins (PE; to PEy)
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PFDR—Port F Data Register H'FF6E Port F
Bit : 7 6 5 4 3 2 1 0
PF7DR | PF6DR | PF5DR | PF4DR | PF3DR | PF2DR | PF1DR | PFODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W RIW R/W R/W R/W R/W R/W

Stores output data for port F pins (PF; to PFp)

PGDR—Port G Data Register H'FF6F Port G
Bit : 7 6 5 4 3 2 1 0
| — | — | — | PG4DR | PG3DR | PG2DR | PG1DR | PGODR ‘
Initial value : Undefined Undefined Undefined 0 0 0 0 0
Read/Write : — — — R/W R/W R/W R/W R/W

Stores output data for port G pins (PG4 to PGg)

PAPCR—Port A MOS Pull-Up Control Register H'FF70 Port A
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — |PA3PCR|PA2PCR|PAlPCR|PAOPCR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port A on a bit-by-bit
basis
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Appendix B Register Field

PBPCR—Port B MOS Pull-Up Control Register H'FF71 Port B
Bit : 7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PBSPCR| PB4PCR| PB3PCR | PB2PCR | PBlPCR|PBOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port B on a bit-by-bit basis

PCPCR—Port C MOS Pull-Up Control Register H'FF72 Port C
Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PCGPCR| PC5PCR| PC4PCR| PCSPCR|PCZPCR | PC1PCR|PCOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port C on a bit-by-bit basis

PDPCR—Port D MOS Pull-Up Control Register H'FF73 Port D
Bit : 7 6 5 4 3 2 1 0
PD7PCR|PD6PCR|PD5PCR|PD4PCR|PD3PCR|PD2PCR|PD1PCR|PDOPCR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port D on a bit-by-bit basis
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PEPCR—Port E MOS Pull-Up Control Register H'FF74 Port E
Bit : 7 6 5 4 3 2 1 0
|PE7PCR| PE6PCR| PE5PCR| PE4PCR| PE3PCR |PE2PCR | PElPCR| PEOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port E on a bit-by-bit basis

P30ODR—Port 3 Open Drain Control Register H'FF76 Port 3
Bit : 7 6 5 4 3 2 1 0
| — | — | P350DR| P34ODR| P330DR | P320DR | P31ODR|P300DR|
Initial value : Undefined Undefined 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port 3 pin (P35 to P3g)

PAODR—Port A Open Drain Control Register H'FF77 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3ODR|PA20DR|PA10ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — —_ R/W R/W R/W R/W

Controls the PMOS on/off status for
each port A pin (PAzto PAg)

Rev.3.00 Mar. 26, 2007 Page 673 of 772
REJ09B0355-0300
RENESAS
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SMRO—Serial Mode Register 0 H'FF78 SCI0
Bit : 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E |STOP | MP | CKS1 | CKS0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
|
Clock Select
0 | 0| o@clock
1 | @/4clock
1| 0 | @/16 clock
1 | @64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Multiprocessor format selected

Stop Bit Length

0 | 1 stop bit
1 | 2 stop bits
Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Parity bit addition and checking disabled

1 Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

0 | Asynchronous mode

1 | Synchronous mode
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SMR0O—Serial Mode Register 0 H'FF78 Smart Card Interface O
Bit : 7 6 5 4 3 2 1 0
| oM | cir | PE | oF | stop | mp | ckst | ckso |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select‘
0 | 0 | @clock
1 | @4 clock
1 | 0 | @/16 clock
1 | @64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
* TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
 Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRRO—Bit Rate Register 0 H'FF79  SCI0, Smart Card Interface0
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW RIW R/W RIW R/W R/W RIW R/W

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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SCRO—Serial Control Register 0 H'FF7A SCI0
Bit : 7 6 5 4 3 2 1 0

’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/IW R/W R/IW R/IW

Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as /0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input

Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled
1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

SCRO—Serial Control Register 0 H'FF7A Smart Card Interface O
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
Read/Write : R/W R/IW RIW R/W RIW R/W R/W R/W

Clock Enable
SMCR | SMR SCR setting
SMIF |C/A,GM| CKE1 | CKEO

SCK pin function

0 See SCI specification

1 0 0 0 Operates as port input
pin

1 0 0 1 Clock output as SCK
output pin
Fixed-low output as

! ! 0 0 SCK output pin

1 1 0 1 Clock output as SCK
output pin
Fixed-high output as

1 1 1

0 SCK output pin

1 1 1 1 Clock output as SCK

output pin

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable
0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

TDRO—Transmit Data Register O H'FF7B  SCI0, Smart Card InterfaceO
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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Appendix B Register Field

SCIO

SSRO0—Serial Status Register 0 H'FF7C
Bit : 7 6 5 4 3 2 1 0
l TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write 1 RI(W)'! RIW)'! RIW)* RIW)'T RI(W)' R R RW
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted
Multiprocessor Bit
0 | [Clearing condition]
When data with a 0 multiprocessor bit is received
1 | [Setting condition]
When data with a 1 multiprocessor bit is received
Transmit End
0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
» When the DTC*2 is activated by a TXI interrupt and write data to TDR
1 [Setting conditions]
* When the TE bitin SCR is 0
« When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character
Parity Error
0 | [Clearing condition]
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
Framing Error
0 | [Clearing condition]
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 is 1 when reception ends, and the stop bit is 0
Overrun Error
0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1
1 | [Setting condition]
When the next serial reception is completed while
RDRF =1
Receive Data Register Full
0 | [Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
« When the DTC*?2 is activated by an RXI interrupt and read data from RDR
1 | [Setting condition]
When serial reception ends normally and receive data is transferred
from RSR to RDR
Transmit Data Register Empty
0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2 is activated by a TXI interrupt and write data to TDR
1 | [Setting conditions]
* When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR
Notes: 1. Can only be written with 0 for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

SSRO—Serial Status Register 0 H'FF7C Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0

[ TDRE [ RDRF [ ORER [ ERS [ PER [ TEND [ MPB [ MPBT ]
Initial value : 1 0 0 0 0 1 0 0
Read/Write : RAW)* R/(W)"! R/(W)*! RI(W)'! RAW)** R R RIW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2is activated by a TXI interrupt and write data to TDR

1 | [Setting conditions]

« On reset, or in standby mode or module stop mode

* When the TE bitin SCR is 0 and the ERS bit is 0

* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM =0

* When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM =1

Note: etu: Elementary Time Unit (the time taken to transmit one bit)
Parity Error

0 | [Clearing condition]

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

Error Signal Status

0 | [Clearing conditions]
« On reset, or in standby mode or module stop mode
« When 0 is written to ERS after reading ERS = 1

[Setting condition]
When the error signal is sampled at the low level

[N

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.
Overrun Error

0 | [Clearing condition]

When 0 is written to ORER after reading ORER = 1

[Setting condition]

When the next serial reception is completed while RDRF = 1

[N

Receive Data Register Full

0 | [Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
« When the DTC*2is activated by an RXI interrupt and read data from RDR

[,

[Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2is activated by a TXI interrupt and write data to TDR

1 | [Setting conditions]
* When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR

Notes: 1. Can only be written with O for flag clearing.
2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

RDRO—Receive Data Register 0 H'FF7D SCI0, Smart Card Interface0
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMRO—Smart Card Mode Register 0 H'FF7E  SCI0, Smart Card Interface0
Bit : 7 6 5 4 3 2 1 0
| — | _ | — | — | SDIR | SINV | — | SMIF |
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J

Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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Appendix B Register Field

SMR1—Serial Mode Register 1 H'FF80 SCI1
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
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
|
Clock Select
0 | 0 | @clock
1 | @/4clock
1| 0 | ¢/16 clock
1 | @64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop Bit Length

0 | 1 stop bit
1 | 2 stop bits
Parity Mode

0 | Even parity

1 | Odd parity

Parity Enable

0 | Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled

Character Length

0 8-bit data

1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

0 | Asynchronous mode

1 | Synchronous mode
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Appendix B Register Field

SMR1—Serial Mode Register 1 H'FF80 Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
| om | cir | PE | oF | stop | mp | ckst | ckso |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select‘
0 | 0 | @clock
1 | @4 clock
1 | 0 | @/16 clock
1 | @/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Setting prohibited
Stop Bit Length
0 | Setting prohibited
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity
Parity Enable
0 | Setting prohibited
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bitdata
1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
* TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
 Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note:

etu (Elementary Time Unit): Interval for transfer of one bit
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Appendix B Register Field

BRR1—Bit Rate Register 1 H'FF81 SCIl1, Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for details.
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Appendix B Register Field

SCR1—Serial Control Register 1 H'FF82 SCil
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
Read/Write : R/W R/W RIW R/W R/IW R/W R/W R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as /0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled
1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

SCR1—Serial Control Register 1 H'FF82 Smart Card Interface 1
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
Read/Write : R/W R/W R/W R/IW R/W R/W R/IW R/W
Clock Enable
SMCR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM| CKE1 | CKEO
0 See SCI specification
1 0 0 0 Operates as port input
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
1 ! 0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled
1 | Transmit end interrupt (TEI) request enabled

Transmit Interrupt Enable

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0

Transmission disabled

1

Transmission enabled

Receive Interrupt Enable

0

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

0

Transmit data empty interrupt (TXI) requests disabled

1

Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

TDR1—Transmit Data Register 1 H'FF83  SCI1, Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : RIW R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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Appendix B Register Field

SSR1—Serial Status Register 1 H'FF84
Bit : 7 6 5 4 3 2 1 0
l TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  RI(W)*! RI(W)'! R(W)"L RI(W)'! R(W)™* R R RIW
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted
Multiprocessor Bit
0 | [Clearing condition]
When data with a 0 multiprocessor bit is received
1 | [Setting condition]
When data with a 1 multiprocessor bit is received
Transmit End
0 | [Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2is activated by a TXI interrupt and write data to TDR
1 | [Setting conditions]
* When the TE bitin SCRis 0
* When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character
Parity Error
0 | [Clearing condition]
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
Framing Error
0 | [Clearing condition]
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 is 1 when reception ends, and the stop bit is O

SCil

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

1 | [Setting condition]

When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]

« When 0 is written to RDRF after reading RDRF = 1
» When the DTC*2is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]

from RSR to RDR

When serial reception ends normally and receive data is transferred

Transmit Data Register Empty

0

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1
» When the DTC*2is activated by a TXI interrupt and write data to TDR

[Setting conditions]
* When the TE bitin SCR is 0

* When data is transferred from TDR to TSR and data can be written to TDR

Notes:

1. Can only be written with O for flag clearing.
2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

SSR1—Serial Status Register 1

H'FF84 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
l TDRE [ RDRF [ ORER [ ERS [ PER [ TEND [ MPB [ MPBT l
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/W)*! R/(W)'! R/(W)*P RI(W)*T R(W)"* R R R/W
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted
Multiprocessor Bit
0 | [Clearing condition]
When data with a 0 multiprocessor bit is received
1 | [Setting condition]
When data with a 1 multiprocessor bit is received
Transmit End
0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2 is activated by a TXI interrupt and write data to TDR
1 | [Setting conditions]
« On reset, or in standby mode or module stop mode
« When the TE bit in SCR is 0 and the ERS bit is 0
* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM =0
* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM = 1
Note: etu: Elementary Time Unit (the time taken to transmit one bit)
Parity Error
0 | [Clearing condition]
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
Error Signal Status
0 | [Clearing conditions]
« On reset, or in standby mode or module stop mode
* When 0 is written to ERS after reading ERS =1
1 | [Setting condition]
When the error signal is sampled at the low level
Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

Overrun Error

0 | [Clearing condition]

When 0 is written to ORER after reading ORER = 1

[Setting condition]
When the next serial

-

reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]

+ When the DTC*2 is activated

* When 0 is written to RDRF after reading RDRF = 1

by an RXI interrupt and read data from RDR

1 | [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

« When the TE bitin SCR is 0

0 | [Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

« When the DTC*2 is activated by a TXI interrupt and write data to TDR
1 | [Setting conditions]

» When data is transferred from TDR to TSR and data can be written to TDR

Notes: 1. Can only be written with 0 for flag clearin
2. DTC can clear this bit only when DISEL i

g.
s 0 with the transfer counter not being 0.

Rev.3.00 Mar. 26, 2007 Page 690 of 772
REJ09B0355-0300

RENESAS



Appendix B Register Field

RDR1—Receive Data Register 1

Bit

Initial value
Read/Write

H'FF85 SCIl1, Smart Card Interface 1

7 5 4 3 2 1 0
L I I I R
0 0 0 0 0 0 0

R

Stores received serial data

SCMR1—Smart Card Mode Register 1

Bit

Initial value :
Read/Write :

H'FF86 SCI1, Smart Card Interface 1

7 6 4 3 2 1 0

| — | — | | — | SDIR | SINV | — | SMIF |
1 1 1 0 0 1 0
— — — R/W R/W — R/W

Smart Card J
Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first
1 | TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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SMR2—Serial Mode Register 2 H'FF88 SCl2
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
Read/Write : R/W R/W R/W R/W R/IW R/IW R/W R/W
|
Clock Select
0 | 0| oclock
1 | @/4 clock
1| 0 | @16 clock
1 | @64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop Bit Length

0 | 1 stop bit
1 | 2 stop bits
Parity Mode

0 Even parity
1 | Odd parity

Parity Enable

0 Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled

Character Length
0 | 8-bit data
1 | 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

0 | Asynchronous mode

1 | Synchronous mode
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Appendix B Register Field

SMR2—Serial Mode Register 2 H'FF88 Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
| oM | cir | PE | oF | stop | mp | ckst | ckso |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select‘
0 | 0 | @clock
1 | @4 clock
1 | 0 | @/16 clock
1 | @64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Setting prohibited

Stop Bit Length

0 | Setting prohibited

1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Character Length
0 | 8-bitdata

1 | Setting prohibited

GSM Mode

0 | Normal smart card interface mode operation
* TEND flag generated 12.5 etu after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
 Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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Appendix B Register Field

BRR2—Bit Rate Register 2 H'FF89  SCI2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: See section 12.2.8, Bit Rate Register (BRR), for detalils.
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Appendix B Register Field

SCR2—Serial Control Register 2 H'FF8A SCI2
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
Read/Write : R/W R/W R/W R/W R/W R/W RIW R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as /0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0

Transmission disabled

1

Transmission enabled

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

1 | Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

SCR2—Serial Control Register 2 H'FF8A Smart Card Interface 2
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
Read/Write : R/W R/IW RIW R/W RIW R/W R/IW RIW

Clock Enable
SMCR | SMR SCR setting
SMIF |C/A,GM| CKE1 | CKEO

SCK pin function

0 See SCI specification

1 0 0 0 Operates as port input
pin

1 0 0 1 Clock output as SCK
output pin

1 1 0 0 Fixed-low output as

SCK output pin
Clock output as SCK

output pin
Fixed-high output as
! ! 1 0 SCK output pin
1 1 1 1 Clock output as SCK

output pin

Transmit End Interrupt Enable

0 | Transmit end interrupt (TEI) request disabled

1 | Transmit end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[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

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request disabled

Receive data full interrupt (RXI) request and
receive error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit data empty interrupt (TXI) requests disabled

1 | Transmit data empty interrupt (TXI) requests enabled
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Appendix B Register Field

TDR2—Transmit Data Register 2 H'FF8B SCI2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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Appendix B Register Field

SSR2—Serial Status Register 2 H'FF8C
Bit : 7 6 5 4 3 2 1 0
l TDRE [ RDRF [ ORER [ FER [ PER [ TEND [ MPB [ MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
Read/Write : R/(W)*! R/W)*! RI(W)*l R(W)'! RI(W)'* R R RIW
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

SCI2

0 | [Clearing conditions]
* When 0 is written t

0 TDRE after reading TDRE = 1

« When the DTC*2 is activated by a TXI interrupt and write data to TDR

1 | [Setting conditions]
* When the TE bit in

SCRis0

* When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character

Parity Error

0 | [Clearing condition]

When 0 is written to FER after reading FER = 1

1 | [Setting condition]

does not match the parity setting

When, in reception, the number of 1 bits in the receive data plus the parity bit

(even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]

When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks whether the stop bi

data is 1 when reception ends, and the stop bit is 0

it at the end of the receive

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1

1 | [Setting condition]
When the next serial reception is completed while
RDRF =1

Receive Data Register Full

0 | [Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1

« When the DTC*2 is activated by an RXI interrupt and read data from RDR

1 | [Setting condition]

from RSR to RDR

When serial reception ends normally and receive data is transferred

Transmit Data Register Empty

0

[Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2 is activated by a TXI interrupt and write data to TDR

i

[Setting conditions]
* When the TE bitin SCRis 0
« When data is transferred from TDR to TSR and data can be written to TDR

Notes:

1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

SSR2—Serial Status Register 2 H'FF8C

Bit

Initial value
Read/Write

: 7 6 5 4 3 2 1 0
l TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT l

1 0 0 0 0 1 0 0

RIOW'S RIW'™ RIOW)'S RIOW™ RIW™ R R RW

Smart Card Interface 2

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

-

Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]

When data with a 0 multiprocessor bit is received

1 | [Setting condition]

When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]

« When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2 is activated by a TXI interrupt and write data to TDR

[N

[Setting conditions]

« When the TE bitin SCRis 0

« On reset, or in standby mode or module stop mode

* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu
after a 1-byte serial character is sent when GM = 0

« When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu
after a 1-byte serial character is sent when GM = 1

Parity Error

Note: etu: Elementary Time Unit (the time taken to transmit one bit)

0 | [Clearing condition]
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 bitin SMR

Error Signal Status

0 | [Clearing conditions]
« On reset, or in standby mode or module stop mode
« When 0 is written to ERS after reading ERS = 1

1 | [Setting condition]
When the error signal is sampled at the low level

Overrun Error

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.

0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1

-

[Setting condition]
On of the next serial reception when RDRF = 1 completion

Receive Data Register Full

0

[Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
« When the DTC*2 is activated by an RXI interrupt and read data from RDR

[N

[Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0

[Clearing conditions]
* When 0 is written to TDRE after reading TDRE = 1
« When the DTC*2is activated by a TXI interrupt and write data to TDR

[,

[Setting conditions]
+ When the TE bit in SCRis 0
« When data is transferred from TDR to TSR and data can be written to TDR

Notes:

1. Can only be written with O for flag clearing.
2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

RDR2—Receive Data Register 2 H'FF8D SCI2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMR2—Smart Card Mode Register 2 H'FFB8E SCI2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | SDIR | SINV | — | SMIF |
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J

Interface Mode Select

0 | Smart Card interface
function is disabled

1 | Smart Card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before being
transmitted

Receive data is stored in RDR in
inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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Appendix B Register Field

ADDRAH—A/D Data Register AH H'FF90 A/D Converter
ADDRAL—A/D Data Register AL H'FFI1 A/D Converter
ADDRBH—A/D Data Register BH H'FF92 A/D Converter
ADDRBL—A/D Data Register BL H'FF93 A/D Converter
ADDRCH—A/D Data Register CH H'FF94 A/D Converter
ADDRCL—A/D Data Register CL H'FF95 A/D Converter
ADDRDH—A/D Data Register DH H'FF96 A/D Converter
ADDRDL—A/D Data Register DL H'FF97 A/D Converter
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |
Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write : R R R R R R R R R R R R R R R R

Stores the results of A/D conversion

Analog Input Channel A/D Data Register
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
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Appendix B Register Field

ADCSR—A/D Control/Status Register H'FF98 A/D Converter
Bit : 7 6 5 4 3 2 1 0

| ADF | ADIE | ADST | SCAN| CKS | — | CH1 | CHO |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/(W)*1  R/W R/W RIW RIW R/W RIW RIW

Channel Select ————

Single Mode | Scan Mode

CH1|CHO | gcaN=0) | (SCAN=1)
o o |ano ANO

1 | ANL ANO to AN1

1] 0 |aN2 ANO to AN2

1 | AN3 ANO to AN3

Group Select

0 | Conversion time= 266 states (max.)

1 | Conversion time= 134 states (max.)

Scan Mode

0 | Single mode

1 | Scan mode

A/D Start

0 | A/D conversion stopped

1 |+ Single mode: A/D conversion is started. Cleared to 0 automatically when
conversion ends

« Scan mode: A/D conversion is started. Conversion continues sequentially
on the selected channels until ADST is cleared to 0 by software, a reset,
or transition to standby mode or module stop mode

A/D Interrupt Enable
0 | A/D conversion end interrupt (ADI) request disabled

1 | A/D conversion end interrupt (ADI) request enabled

A/D End Flag
0 [Clearing conditions]
« When 0 is written to the ADF flag after reading ADF =1
+ When the DTC*2 is activated by an ADI interrupt, and ADDR is read

1 [Setting conditions]
« Single mode: When A/D conversion ends
« Scan mode: When one round of conversion has been performed on all specified channels

Notes: 1. Can only be written with O for flag clearing.
2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

ADCR—A/D Control Register

Bit

Initial value :
Read/Write :

H'FF99 A/D
7 6 5 4 3 2 1 0
TRGS1 | TRGSO — — — — — —
0 0 1 1 1 1 1 1
R/W R/W — — — — — —
Timer Trigger Select
TRGS1 | TRGS1 Description
0 0 Start of A/D conversion by external trigger
is disabled
1 Start of A/D conversion by external trigger (TPU)
is enabled
1 0 Start of A/D conversion by external trigger
(8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is

enabled
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Appendix B Register Field

TCRO—Time Control Register 0 H'FFBO 8-Bit Timer Channel 0
TCR1—Time Control Register 1 H'FFB1 8-Bit Timer Channd 1
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
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select
0 0 0 Clock input disabled

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*

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 is the TCNT1 overflow
signal and that of channel 1 is the TCNTO compare
match signal, no incrementing clock is generated.
Do not use this setting.

Counter Clear

0 0 Clear is disabled
1 Clear by compare match A
1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Timer Overflow Interrupt Enable

0 OVF interrupt requests (OVI) are disabled
1 OVF interrupt requests (OVI) are enabled

Compare Match Interrupt Enable A

0 CMFA interrupt requests (CMIA) are disabled
1 CMFA interrupt requests (CMIA) are enabled

Compare Match Interrupt Enable B

0 CMFB interrupt requests (CMIB) are disabled

1 CMFB interrupt requests (CMIB) are enabled
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Appendix B Register Field

TCSRO—Timer Control/Status Register 0 H'FFB2 8-Bit Timer Channel 0
TCSR1—Timer Control/Status Register 1 H'FFB3 8-Bit Timer Channdl 1
TCSRO Bit : 7 3 2 1 0
| CMFB | CMFA | OVF | ADTE | 0S3 | 0S2 | 0s1 | 0S0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW)*! RIW)*! RI(W)*!  RwW R/W RIW RIW RIW
TCSR1 Bit : 7 6 5 4 3 2 1 0
| CMFB | CMFA | OVF | — | 0S3 | 0Ss2 | 0s1 | 0S0 |
Initial value : 0 0 0 1 0 0 0 0
Read/Write : RIW)™1 RIwW)™! Ri(w)*! RW RW  RW  RW
I
Output Select
0 0 | No change when compare match A
occurs
1 | Ois output when compare match A
occurs
1 0 | 1is output when compare match A
occurs
1 | Outputis inverted when compare
match A occurs (toggle output)
Output Select
0 0 | No change when compare match B occurs
1 | 0is output when compare match B occurs
1 0 | 1is output when compare match B occurs
1 | Output is inverted when compare match B occurs
(toggle output)
A/D Trigger Enable (TCSRO only)
0 AID converter start requests by compare match A are disabled
1 A/D converter start requests by compare match A are enabled
Timer Overflow Flag
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 to OVF
1 [Setting condition]
Set when TCNT overflows (changes from H'FF to H'00)
Compare Match Flag A
0 | [Clearing conditions]
« Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
« When the DTC" 2 is activated by a CMIA interrupt, while DISEL bit of MRB in DTC is 0.
1 | [Setting condition]
Set when TCNT matches TCORA
Compare Match Flag B
0 | [Clearing conditions]
« Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
«+ When the DTC*2 is activated by a CMIB interrupt, while DISEL bit of MRB in DTC is 0.
1 | [Setting condition]
Set when TCNT matches TCORB
Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

TCORAO—Time Constant Register AO H'FFB4 8-Bit Timer Channel 0

TCORA1—Time Constant Register Al H'FFB5 8-Bit Timer Channd 1
TCORAO TCORA1

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
Read/Write : 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

TCORBO—Time Constant Register BO H'FFB6 8-Bit Timer Channel 0

TCORB1—Time Constant Register B1 H'FFB7 8-Bit Timer Channel 1
TCORBO TCORB1

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
Read/Write : 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—Timer Counter O H'FFB8 8-Bit Timer Channel 0

TCNT1—Timer Counter 1 H'FFB9 8-Bit Timer Channel 1
TCNTO TCNT1

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
Read/Write : 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
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Appendix B Register Field

TCSR—Timer Control/Status Register H'FFBC (W) H'FFBC (R) WDT
Bit : 7 6 5 4 3 2 1
| OVF | WT/T | TME | — | — | CKS2 | CKS1 | CKS0 |
Initial value : 0 0 0 1 1 0 0 0
Read/Write : rR/W)*l  RW  RW — — RIW RW  RW
Clock Select ‘
CKS2(CKS1CKSQ  Clock (Va‘]’:;ﬂ(;": ggr:\‘/’lgl)
0 0 0 | @2 (initial value)| 25.6 ps
1 | @64 819.2 s
1 0 @128 1.6 ms
1 | @512 6.6 ms
1 0 0 | @2048 26.2 ms
1 | ¢/8192 104.9 ms
1 0 @32768 419.4 ms
1 | ¢/131072 1.68s
Note: * The overflow period is the time from when TCNT

) starts counting up from H'00 until overflow occurs.
Timer Enable

0 TCNT is initialized to H'00 and halted
1 TCNT counts

Timer Mode Select

0 | Interval timer mode: Sends the CPU an interval timer interrupt request
(WOVI) when TCNT overflows

1 | Watchdog timer mode: Generates the WDTOVF signal when
TCNT overflows

Overflow Flag

0 [Clearing condition]
Cleared by reading TCSR when OVF = 1, then writing 0 to OVF*2

1 | [Setting condition]
Set when TCNT overflows from H'FF to H'00 in interval timer mode

Notes: The method for writing to TCSR is different from that for general registers to prevent accidental overwriting.
For details see section 11.2.4, Notes on Register Access.
1. Can only be written with O for flag clearing.
2. When polling OVF with the interval timer interrupt disabled, read TSCR twice or more while OVF is set to 1.
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Appendix B Register Field

TCNT—Timer Counter H'FFBC (W) H'FFBD (R) WDT
Bit : 7 6 5 4 3 2 1 0
R A A e e
Initial value : 0 0 0 0 0 0 0 0

Read/Write :  R/W R/W R/W R/W R/W R/W R/W R/W

Note: The method for writing to TCNT is different from that for general registers to prevent
accidental overwriting. For details see section 11.2.4, Notes on Register Access.
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Appendix B Register Field

RSTCSR—Reset Control/Status Register H'FFBE (W) H'FFBF (R) WDT
Bit : 7 6 5 4 3 2 1 0
WOVF RSTE RSTS — — — — —
Initial value : 0 0 0 1 1 1 1 1
Read/Write . R/(W)* R/W R/IW — — — — —

Watchdog Timer Overflow Flag

Reset Select

0 Power-on reset

1 Manual reset

Reset Enable

0 | Reset signal is not generated if TCNT overflows*

1 | Reset signal is generated if TCNT overflows

Note: * The modules H8S/2245 Group are not reset, but TCNT
and TCSR in WDT are reset.

0 | [Clearing condition]
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

Notes: The method for writing to RSTCSR is different from that for general registers to prevent
accidental overwriting. For details see section 11.2.4, Notes on Register Access.

* Can only be written with O for flag clearing.
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Appendix B Register Field

TSTR—Timer Start Register H'FFCO TPU
Bit : 7 6 5 4 3 2 1 0
— — — — — CST2 CST1 CSTO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — — R/W R/W R/W
Counter Start
0 | TCNT, count operation is stopped

1

TCNT,, performs count operation

Note:

n=2to0

Note: If 0 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.
TSYR—Timer Synchro Register H'FFC1 TPU
Bit : 7 6 5 4 3 2 1 0
— — — — — SYNC2 | SYNC1 | SYNCO
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — — —_ R/W R/W R/W

Timer Synchronization

0 | TCNTn operates independently (TCNT presetting/
clearing is unrelated to other channels)

is possible

1 | TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing

Note: n=2to0

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must

be setto 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing
source must also be set by means of bits CCLR2 to CCLRO in TCR.
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Appendix B Register Field

TCRO—Timer Control Register 0 H'FFDO TPUO

Bit : 7 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
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0 | 0O | 0 |Internal clock: counts on @/1

Internal clock: counts on @/4

Internal clock: counts on @/16

Internal clock: counts on @/64

External clock: counts on TCLKA pin input

External clock: counts on TCLKB pin input

External clock: counts on TCLKC pin input

,_.
o
Rl o|r|o|l r|lo]|kr

External clock: counts on TCLKD pin input

Clock Edge

0 | 0 | Countatrising edge

1 | Count at falling edge

1 | — | Count at both edges

Counter Clear
0 | 0 | O |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

N
RO R

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation

TCNT clearing disabled

TCNT cleared by TGRC compare match/input capture

0
1

1 | O |TCNT cleared by TGRD compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation
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Appendix B Register Field

TMDRO—Timer Mode Register 0 H'FFD1 TPUO
Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Mode
0(0]|0 Normal operation
Reserved
1 PWM mode 1
PWM mode 2

Phase counting mode 1

Phase counting mode 2

Phase counting mode 3

=
o
P O|kFR,|O| kR, O »r|O

Phase counting mode 4

*

1 * * _

Legend: *: 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.

Buffer Operation Setting A

0

TGRA operates normally

1

TGRA and TGRC used together
for buffer operation

Buffer Operation Setting B

0 | TGRB operates normally

1 | TGRB and TGRD used together
for buffer operation
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Appendix B Register Field

TIOROH—Timer I/O Control Register OH H'FFD2 TPUO
Bit 7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10BO | I0A3 | I0A2 | I0A1 | I0A0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW R/W RIW RIW R/IW R/W R/W RIW
TGROA I/O Control ————
0| 0|0 |0 [TGROA |Outputdisabled
[ lisoutput [ -
1 compare Initial output is 0 output at compare match
register |0 Output
1|0 |"€9 1 output at compare match
1 Toggle output at compare match
1/01|0 Output disabled
1 Initial outputis |0 output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
10|00 |TGROA |cCapture input Input capture at rising edge
[ lisinput |source is :
1 capture | TIOCAO pin Input capture at falling edge
1 |+ |register Input capture at both edges
1= Setting prohibited
Legend: *: Don't care
TGROB 1/0O Control ————
0| 0|0 |0 |TGROB |Outputdisabled
lisoutput[, .
1 compare Initial output is 0 output at compare match
register | 0 Output
1|0 9 1 output at compare match
1 Toggle output at compare match
1/0]0 Output disabled
1 Initial output is 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 |TGROB |Capture input Input capture at rising edge
is input | source is alling ed
1 capture | TIOCBO pin Input capture at falling edge
1 |+ |register Input capture at both edges
1*|* Setting prohibited

Legend: *: Don't care
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Appendix B Register Field

TIOROL—Timer I/O Control Register OL H'FFD3 TPUO
Bit : 7 6 5 4 3 2 1
: | 10D3 | 10D2 | 10D1 | 10D0 | 10C3 | l0C2 | 10C1 | 10COo |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW RIW RIW RIW RIW RIW RIW
TGROC I/O Control ———
0| 0|0 |0 |TGROC |Outputdisabled
[ lisoutput [ | -
1 compare Initial outputis | 0 output at compare match
register | 0 output
1|0 |9 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
10|00 |TGROC | Capture input Input capture at rising edge
——isinput | source is .
1 cap_ture*l TIOCCO pin Input capture at falling edge
1 | * |register Input capture at both edges
1|* = Setting prohibited
Legend: *: Don't care
Note: 1. When the BFA bitin 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.
TGROD /O Control —
0| 0|0 |0 |TGROD |Outputdisabled
[ ]is output " -
1 compare Initial outputis | 0 output at compare match
f 0 output
1 | o |register P 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis | O output at compare match
1 output
1,0 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 |TGROD |Captureinput Input capture at rising edge
- Jisinput | source is :
1 capture | TIOCDO pin Input capture at falling edge
+ |register*®
1 Input capture at both edges
1| * | * Setting prohibited

Legend: *: Don't care

Note: 1. When the BFB bit in TMDRO is set to
register, this setting is invalid and inp
generated.

1 and TGROD is used as a buffer
ut capture/output compare is not

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register operates as

a buffer register.
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Appendix B Register Field

TIERO—Timer Interrupt Enable Register O H'FFD4 TPUO
Bit : 7 6 5 4 3 2 1 0
| TTGE | — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W — — R/W RIW RIW RIW RIW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled
1 | Interrupt requests (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0 | Interrupt requests (TGIC) by
TGFC bit disabled

1 | Interrupt requests (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt requests (TGID) by TGFD
bit disabled

1 | Interrupt requests (TGID) by TGFD
bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Register Field

TSRO—Timer Status Register 0

H'FFD5

2 1 0

‘ TCFV ‘ TGFD ‘ TGFC ‘ TGFB ‘ TGFA ‘

Bit : 7 6 5 4 3
Initial value : 1 1 0 0 0
Read/Write : _ _ _

0 0 0

RIW) L RIW) L RA(W)*L RIW)*T RI(W)*L

TGRA:Input Capture/Output Compare Flag

TPUO

0 | [Clearing conditions]

« When DTC*2 s activated by TGIA interrupt
while DISEL bit of MRB in DTC is 0.

« When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

* When TCNT = TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB:Input Capture/Output Compare Flag

0 | [Clearing conditions]

« When DTC*2is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

« 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

TGRC:Input Capture/Output Compare Flag

0

[Clearing conditions]

« When DTC*2 is activated by TGIC interrupt while DISEL bit of MRB in
DTCis 0

« When 0 is written to TGFC after reading TGFC = 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

TGRD:Input Capture/Output Compare Flag

is0

0 | [Clearing conditions]
« When DTC*2iis activated by TGID interrupt while DISEL bit of MRB in DTC

* When 0 is written to TGFD after reading TGFD = 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

Overflow Flag

0 | [Clearing condition]
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 )

Notes: 1. Can only be written with O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

TCNTO—Timer Counter O H'FFD6 TPUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 0 O O O O O O O O O O O o o o o
Read/Write : 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

Up-counter
TGROA—Timer General Register 0A H'FFD8 TPUO
TGROB—Timer General Register OB H'FFDA TPUO
TGROC—Timer General Register 0OC H'FFDC TPUO
TGROD—Timer General Register 0D H'FFDE TPUO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalve : ' 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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
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Appendix B Register Field

TCR1—Timer Control Register 1

0

H'FFEO TPU1
Bit : 7 5 4 3 2 1 0
| — | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/IW R/W R/W R/W

Time Prescaler

0 | 0 | 0 |Internal clock: counts on @/1
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 |Internal clock: counts on @256
1 | setting prohibited

Clock Edge

Note: This setting is ignored when channel 1 is in phase

counting mode.

0 | 0 | Countatrising edge

1 Count at falling edge

1 | — | Count at both edges

Counter Clear

Note: This setting is ignored when channel 1
is in phase counting mode.

performing synchronous clearing/synchronous operation

0 | 0 |TCNT clearing disabled
1 |TCNT cleared by TGRA compare match/input capture
1 | O |TCNT cleared by TGRB compare match/input capture
1 |TCNT cleared by counter clearing for another channel
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Appendix B Register Field

TMDR1—Timer Mode Register 1 H'FFE1 TPU1L
Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write — — — — R/W R/W RIW RIW
Mode
0 | O |0 | 0 |Normaloperation
1 | Reserved
1|0 |PWMmode 1l
1 | PWM mode 2
1 | 0 | O |Phase counting mode 1
1 | Phase counting mode 2
1 | O |Phase counting mode 3
1 | Phase counting mode 4
1] x|+ % |

Legend: *: Don't care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B Register Field

TIOR1—Timer |/O Control Register 1 H'FFE2
Bit : 7 6 5 4 3 2 1 0

| I0B3 | l0B2 | I0B1 | I0BO | I0A3 | IOA2 | IOAL | IOAQ |
Initial value : 0 0 0 0 0 0 0 0
Read/Write :  R/W RIW RIW RIW RIW RIW RIW RIW

TGR1B I/O Control

TGR1A I/0 Control

TPU1

0| 0|0 |0 |TGR1A | Outputdisabled
[ |is output [, . :
1 compare Initial outputis | 0 output at compare match
register 0 output
1]0|"9 1 output at compare match
1 Toggle output at compare match
1/0/|0 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1| 0|0 |0 |TGR1A |cCapture input Input capture at rising edge
. lisinput | source is -
1 | capture | TIOCA1L pin Input capture at falling edge
1 | = |register Input capture at both edges
1 x| * Setting prohibited

Legend: *: Don't care

0] 0|0 |0 |TGR1B | Output disabled
1 is output Initial .
compare Ongluatpc:th“pUt Is | 0 output at compare match
1| 0 |register 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is | O output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
110|0 |0 |TGR1B | Capture input Input capture at rising edge
1 |isinput | source is talling od
capture | TIOCB1 pin Input capture at falling edge
1 | |register Input capture at both edges
1)*|* Setting prohibited

Legend: *: Don't care
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Appendix B Register Field

TIER1—Timer Interrupt Enable Register 1 H'FFE4 TPU1
Bit : 7 6 5 4 3 2 1 0
| TTGE | — | TCIEU | TCIEV | — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W — RIW RIW — — RW  RW

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Register Field

TSR1—Timer Status Register 1 H'FFES5 TPU1
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R —  RIW)*! R/(W)'! — ﬂv\i*l RI(W)*L

S

TGRA Input Capture/Output Compare Flag

0 | [Clearing conditions]

+ When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC*2 is 0.

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

« When TCNT = TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB Capture/Output Compare Flag

0

[Clearing conditions]

« When DTC*Z is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

* When 0 is written to TGFB after reading TGFB = 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

Overflow Flag

0 | [Clearing condition]
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 )

Underflow Flag

0 | [Clearing condit

ion]

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)

Count Direction Flag
0 | TCNT counts down
1 TCNT counts up

Notes: 1. Can only be written with O for flag clearing.
2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

TCNT1—Timer Counter 1 H'FFE6 TPU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 0 0 0 O O O O O O O O O O O o0 O
Read/Write : 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel.
In other cases it functions as an up-counter.

TGR1A—Timer General Register 1A H'FFES8 TPU1
TGR1B—Timer General Register 1B H'FFEA TPU1
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
Read/Write : 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
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Appendix B Register Field

TCR2—Timer Control Register 2 H'FFFO TPU2
Bit : 7 6 5 4 3 2 1 0
| — | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/W R/W R/W R/W
Time Prescaler
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | O |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.
Clock Edge
0 | 0 | Countatrising edge
1 Count at falling edge
1 | — | Count at both edges
Note: This setting is ignored when channel 2
is in phase counting mode.

Counter Clear

0 | 0 | TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation
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Appendix B Register Field

TMDR2—Timer Mode Register 2 H'FFF1 TPU2
Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W
Mode ————
0 | 0| 0 | O |Normal operation
1 |Reserved
1|0 [PWMmode 1
1 |PWM mode 2
1| 0 | O |Phase counting mode 1
1 |Phase counting mode 2
1 | O |Phase counting mode 3
1 |Phase counting mode 4
1l x| x| * [

Legend: *: Don't care

Note: MD3 is a reserved bit. In a write,
it should always be written with 0.
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Appendix B Register Field

TIOR2—Timer |/O Control Register 2 H'FFF2 TPU2
Bit : 7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10BO | I0A3 | I0A2 | I0A1 | I0A0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
TGR2A 1/O Control
0| 0|0 |0 TGR2A | Output disabled
71 is output . ,
compare Ionmatl otztput is | 0 output at compare match
i outpu
1 | o |register P 1 output at compare match
1 Toggle output at compare match
1,100 Output disabled
1 Initial output is | O output at compare match
110 1 output 1 output at compare match
1 Toggle output at compare match
1] * |00 |TGR2A |Captureinput | Input capture at rising edge
1 isinput | source is InDut cant t fall d
capture | TIOCAZ pin nput capture at fafling edge
1 | * |register Input capture at both edges
Legend: *: Don't care

TGR2B I/O Control

0| 0|0 |0 |TGR2B | Output disabled
[ | is output » -
1 compare |(I)’1It|at| ottJtput is | O output at compare match
i outpu
1| o | register P 1 output at compare match
1 Toggle output at compare match
11010 Output disabled
1 Initial output is 0 output at compare match
1]0 1 output 1 output at compare match
1 Toggle output at compare match
1| * 0|0 |TGR2B | Capture input Input capture at rising edge
isinput | sourceis :
1 capture | TIOCB2 pin Input capture at falling edge
1 | * | register Input capture at both edges

Legend: *: Don't care
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Appendix B Register Field

TIER2—Timer Interrupt Enable Register 2 H'FFF4 TPU2
Bit : 7 6 5 4 3 2 1 0
| TTGE | — | TCIEU | TCIEV | — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write : RIW — R/W R/W — — RW R/W

TGR Interrupt Enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled

1 | Interrupt requests (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B Register Field

TSR2—Timer Status Register 2 H'FFF5 TPU2
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R —  R(W) RW*  — — Wil RI(W)*1

S

TGRA Input Capture/Output Compare Flag

0 | [Clearing conditions]

DISEL bit of MRB in DTC is 0.
* When 0 is written to TGFA after reading
TGFA=1

« When DTC*2 is activated by TGIA interrupt while

1 | [Setting conditions]

« When TCNT = TGRA while TGRA is function-
ing as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

TGRB Capture/Output Compare Flag

0

[Clearing conditions]

« When DTC*2 s activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0.

* When 0 is written to TGFB after reading TGFB = 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

Overflow Flag

0

[Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]
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)

Count Direction Flag
0 | TCNT counts down
1 TCNT counts up

Notes:

1. Can only be written with 0O for flag clearing.

2. DTC can clear this bit only when DISEL is 0 with the transfer counter not being 0.
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Appendix B Register Field

TCNT2—Timer Counter 2 H'FFF6 TPU2

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvave: 0 o o 0o O 0 O O O O O O O O O O
Read/Write : 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel.
In other cases it functions as an up-counter.

TGR2A—Timer General Register 2A H'FFF8 TPU2
TGR2B—Timer General Register 2B H'FFFA TPU2
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
Read/Write : 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
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Appendix C 1/O Port Block Diagrams

Appendix C 1/0O Port Block Diagrams

Cl Port 1 Block Diagram

Reset
!
R
— (= o "o 5
P1nDDR ﬁ ﬁ
C = o
T = =5
WDDR1 © °
£l |c
Re‘set E g
R 2
M 1,2 7 =
odes 1, 2, 3, Q o
P1nDR
P1, (‘;
Modes WDR1
4,5,6
,TPU module __
+ Qutput compare
1 output/PWM
© output enable
+ Output compare
' output/PWM
1 output
RDR1 !
RPOR1 ;
NN :
L |
»nput capture
' input
Legend: [

WDDR1: Write to PIDDR
WDR1 : Write to PIDR
RDR1 :Read P1DR
RPOR1 : Read port 1

Note: n=0orl

FigureC.1(a) Port 1 Block Diagram (PinsP1,and P1))
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Appendix C 1/O Port Block Diagrams

P1,

Reset
\
R
Q D | @ 0
—(—— P1nDDR 2 | |3
C 8 a
! 3 o
WDDR1 = ke
c @
Reset 9] =
‘ £ =
! Modes 1,2,3,7 R £
Q D] =
g ‘ P1nDR
Modegs C
( 4,56 T
., WDR1
TPU module.
i- Output compare
! output/PWM
' output enable
E Output compare
| output/PWM
1 output
RDR1 '
RPOR1 E
N ,
'IL-rInput capture
¢+ input
»External clock
1 input
Legend: (A
WDDR1 : Write to PLDDR
WDR1 : Write to P1IDR
RDR1 :Read P1DR

RPORL1 : Read port 1

Note:

n=2or3

FigureC.1(b) Port 1Block Diagram (PinsP1,and P1)
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Appendix C 1/O Port Block Diagrams

P1,

—(——

™~
L

Legend:

WDDRL1 : Write to P1IDDR
WDR1 : Write to PIDR
RDR1 :Read P1DR
RPORL1 : Read port 1

Note: n=4or6

Reset
|
R
Di
P1nDDR 3
C ©
T k]
WDDR1 ©
g
Re‘set §
o
R IS
Q D—
P1nDR
C
T
WDR1
TPU module_
Output compare output/
' PWM output enable
: Output compare output/
. PWM output
RDR1 .
RPOR1 5

Input capture input

FigureC.1(c) Port 1 Block Diagram (PinsP1, and P1,)
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Appendix C

I/O Port Block Diagrams

P1,

™~
L

Legend:

WDDR1: Write to PADDR
WDR1 : Write to P1DR
RDR1 :Read P1DR
RPORL1 : Read port 1

Note: n=5o0r7

Reset
|
R
Q D— | g
P1nDDR 2
C 8
\ 3
WDDR1 §
Reset 3
‘ E
R
Q D—
P1nDR
C
T
WDR1
TPU module.
+ Output compare output/
+ PWM output enable
Output compare output/
. PWM output
RDR1 ;
RPOR1 5
»-Input capture input
»External clock input

FigureC.1(d) Port 1Block Diagram (PinsP1, and P1)
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Appendix C 1/O Port Block Diagrams

C.2 Port 2 Block Diagram

P2,

Reset
|
R

Q DI
P2nDDR
C

T
WDDR2

Reset
|
R

Di—

Q
N P2nDR
C

T
WDR2

RDR2

RPOR2

™~
L

Legend:

WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Note: n=0orl

Internal data bus

FigureC.2 (a) Port 2 Block Diagram (Pins P2, and P2)
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I/O Port Block Diagrams

P2,

Reset
!
R
Q DI—
P2nDDR ﬁ
< 7
WDDR?2 !
©
Reset c
| i)
R £
Q Df—
N P2nDR
C
|
WDR2
RDR2
RPOR2
S
l/
Legend: '
WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR

8-bit timer module

RPOR2 : Read port 2

Note:

n=2or4

FigureC.2 (b) Port 2 Block Diagram (Pins P2, and P2)
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Reset
|

R

Q DI

P2nDDR
C

T
WDDR2

Reset
|

Internal data bus

R

) Q D
" ~ P2nDR
C

T
WDR2

RDR2

RPOR2

S
l/
8-bit timer module

»Counter external
' clock input

Legend:

WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Note: n=3or5

FigureC.2 (c) Port 2 Block Diagram (Pins P2, and P2,)
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Reset
!

R

 —— 00
P2nDDR

C
T
WDDR2

Reset
!

Internal data bus

R

D

Q
P2, P2nDR
C

T
WDR2

8-bittimer __

+- Compare-match
\ output enable

~ Compare-match output

RDR2

RPOR2

™~
L

Legend:

WDDR?2 : Write to P2DDR
WDR2 : Write to P2DR
RDR2 :Read P2DR
RPOR2 : Read port 2

Note: n=6o0r7

FigureC.2 (d) Port 2 Block Diagram (Pins P2, and P2)
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C3

Port 3 Block Diagram

P3,

Reset
!

R

C
T
WDDR3

Reset
|

*1

R

P3nDR

C
T
WDR3

*2 Reset
!

R

Q
P3nODR
C

T
WODR3

RODR3

A O E— RanDoR| |
P3nDDR

Q D—

D1

Internal data bus

SCI module

+~ Serial transmit enable

' Serial transmit data

RDR3

RPOR3

™~
L

Legend:

WDDR3 : Write to P3DDR
WDR3  : Write to P3DR
WODR3 : Write to PSODR
RDR3 : Read P3DR
RPOR3 : Read port 3
RODR3 : Read P3ODR

Notes: n=0or1
1. Output enable signal
2. Open drain control signal

FigureC.3 (a) Port 3 Block Diagram (Pins P3,and P3)
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P3,

— G PanooR| |
P3nDDR

*1

Reset
|

R

C
T
WDDR3

Reset
!

Internal data bus

R

JARN

*2

Q DI
P3nDR
C
I
WDR3

Reset
!

R

Q DI
P3nODR
c

T
WODR3

RODR3

SCI module

RDR3

RPOR3

Legend:
WDDR3
WDR3

WODR3
RDR3

RPOR3
RODR3

™~
L~

: Write to P3DDR
: Write to P3DR

. Write to PSODR
: Read P3DR

: Read port 3

: Read P3SODR

Notes: n=2or3
1. Output enable signal
2. Open drain control signal

Figure C.3 (b) Port 3Block Diagram (PinsP3, and P3)

Rev.3.00 Mar. 26, 2007 Page 739 of 772
REJ09B0355-0300
RENESAS




Appendix C 1/O Port Block Diagrams

Reset
\
R
CE ( Q D—
P3nDDR 9
C o
T !
[
v WDDR3 3
Reset ©
‘ 5}
R <
Q D—
' P3nDR
P3
n b ) C‘:
WDR3
*3 Reset
\
R
Q D—
P3nODR
C
T
WODR3
RODR3
SCI module
: Serial clock output
1 enable
: Serial clock output
+ Serial clock input
' enable
RDR3 1
RPOR3 | | !
N '
| :
Legend: ,
WDDR3 : Write to P3DDR
WDR3 : Write to P3DR »Serial clock input
WODR3 : Write to P3ODR R
RDR3 : Read P3DR Interrupt controller

RPOR3 : Read port 3 c{>—-}»IRQ interrupt input
RODRS3 : Read P30DR '

Notes: n=4o0r5
1. Priority order: Serial clock input > serial clock output > DR output
2. Output enable signal
3. Open drain control signal

Figure C.3(c) Port 3 Block Diagram (Pins P3, and P3,)
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C4 Port 4 Block Diagram

RPOR4

Internal data bus

A/D converter module

* Analog input

Legend:
RPOR4 : Read port 4

Note: n=0to 3

FigureC.4 Port 4 Block Diagram (Pins P4,to P4,)
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C5 Port 5 Block Diagram

Reset
!

— PsopoR| |
P50DDR

T
WDDRO

Reset
|

Internal data bus

Q
P5, : P50DR

|
WDR5

SCI module

Serial transmit data
output enable

Serial transmit data

RDR5

RPOR5

™~
L

Legend:

WDDRS5 : Write to PSDDR
WDR5 : Write to PSDR
RDR5 :Read P5DR
RPORS5 : Read port 5

FigureC.5(a) Port 5Block Diagram (Pin P5,)
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Reset
\
R
Q DF—
P51DDR 2
C o)
T 8
WDDR5 8
Reset g
\ )
R =
Q D
N P51DR
C
T
WDR5 SCI module
Serial receive data
' enable
RDR5 .
RPORS5 ,
NN '
L~ ;
%Serial receive data
Legend:
WDDRS5 : Write to PSDDR
WDR5 : Write to P5SDR
RDR5 : Read P5DR
RPORS5 : Read port 5

FigureC.5(b) Port 5Block Diagram (Pin P5,))
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I/O Port Block Diagrams

S Ga—

™~
L

Reset
|
R
Q DI
P52DDR 9
C fe)
T ot
WDDR5 3
Reset g
: g
R =
Q D—
P52DR
C
T
WDRS SCI module
+ Serial clock output
' enable
Serial clock output
Serial clock input
enable
RDR5
RPOR5

Legend:

WDDRS5 : Write to PSDDR
WDR5 : Write to PSDR
RDR5 : Read P5DR
RPORS5 : Read port 5

Serial clock input

___v_____________________

Note: * Priority order: Serial clock input > serial clock output > DR output

Figure C.5(c) Port 5Block Diagram (Pin P5,)
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Reset
!

R
D

Q
P53DDR
C

T
WDDRS

Reset
!

Internal data bus

R
D

P53

™

Q
P53DR
C

T
WDR5

RDR5

RPOR5

L~

Legend:

WDDRS5 : Write to P5DDR
WDR5 : Write to P5SDR
RDR5 : Read P5DR
RPORS5 : Read port 5

FigureC.5(d) Port 5Block Diagram (Pin P5,)
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C.6 Port A Block Diagram

Reset
|
R
|o—o( Q D | o
PANPCR 2
c o
T ©
WPCRA °
[
RPCRA IS
2
£
Modes
4,53 Reset
! !
S R
Q D—
PANnDDR
C
T
WDDRA
*1
Reset
|
R
Q D—
PA Modes 1, 2, 3, 7 PANDR
n Modes 4, 5, 6 C
T
WDRA
*2 Reset
|
R
D—
PANODR
C
T
WODRA
RODRA
RDRA
RPORA
N
l/
Legend:
WDDRA : Write to PADDR
WDRA : Write to PADR
WODRA : Write to PAODR
WPCRA : Write to PAPCR
RDRA :Read PADR Notes: n=0to 3
RPORA : Read port A 1. Output enable signal
RODRA : Read PAODR 2. Open drain control signal
RPCRA : Read PAPCR 3. Set priority

Internal address bus

FigureC.6 Port A Block Diagram (PinsPA,to PA))
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I/O Port Block Diagrams

C7

Port B Block Diagram

PB,

p——o(},

Reset
|

R

Q DI
PBNPCR
C

T
WPCRB

RPCRB

Modes
1, 4,5 Reset
| |

S R

Q
PBnDDR
C

T
WDDRB

Reset
!

R

Modes 3, 7
Modes 1, 2, 4,5, 6

Q
PBNDR
c

T
WDRB

D

Di—

Internal data bus
Internal address bus

RDRB

RPORB

Legend:
WDDRB :
WDRB
WPCRB :
RDRB
RPORB :
RPCRB

N
L

Write to PBDDR

: Write to PBDR

Write to PBPCR

: Read PBDR

Read port B

: Read PBPCR

Notes: n=0to 7
* Set priority

FigureC.7 Port B Block Diagram (Pins PB,to PB.)
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I/O Port Block Diagrams

CS8 Port C Block Diagram

PC,

Reset
!
R
*)—(){ DI— %)
PCnPCR 3
c o
T ©
WPCRC o
<
£
RPCRC IS}
£
Modes
1, 4,5 Reset
! !
S R
Di
PCnDDR
C
T
WDDRC
Reset
!
R
Di
Modes 3, 7 PCnDR
Modes 1, 2, 4,5, 6 C
T
WDRC
RDRC
RPORC
N
l/
Legend:
WDDRC : Write to PCDDR
WDRC : Write to PCDR
WPCRC : Write to PCPCR
RDRC :Read PCDR
RPORC : Read port C Notes: n=0to7
RPCRC : Read PCPCR * Set priority

Internal address bus

Figure C.8 Port C Block Diagram (PinsPC,to PC.)
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I/O Port Block Diagrams

C9

Port D Block Diagram

Internal lower data bus

Reset
!
R
b= o |8
PDnPCR a
C 8
] 3
WPCRD .
[}
s
RPCRD S
©
£
[
E
Reset
|
R
—(— Sonoon] |
— External address PDnDDR
write C
T
WDDRD
Reset
|
R
Q D—
PD +— Modes 3,7 PDNDR
n Modes 1, 2, 4,5, 6 C
T
WDRD
External address RDRD
upper write
External address
lower write
RPORD
N
l/
Legend:
WDDRD : Write to PDDDR External address upper read
WDRD : Write to PDDR
WPCRD : Write to PDPCR
RDRD :Read PDDR
RPORD : Read port D External address lower read
RPCRD : Read PDPCR N -
l/
Note: n=0to7

FigureC.9 Port D Block Diagram (Pins PD, to PD.)
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C.10 Port E Block Diagram

Reset
!
R
|o—o( ir Q DI— | g
PEnPCR 2
C s
\ 3
WPCRE t
(]
g
RPCRE S
©
£
[J]
=
Reset
!
R
—(— ool
— External address PEnDDR
write C
T
WDDRE
Reset
!
R
Q DI—
PE +—Modes 3, 7 PEnDR
n Modes 1, 2, 4,5, 6 C
T
WDRE
RDRE
RPORE
N
l/
Legend:
WDDRE : Write to PEDDR External address lower read
WDRE : Write to PEDR
WPCRE : Write to PEPCR e
RDRE : Read PEDR
RPORE : Read port E
RPCRE : Read PEPCR

Note: n=0to7

Internal lower data bus

Figure C.10 Port E Block Diagram (Pins PE, to PE,)
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C.11 Port F Block Diagram
[2]
a
Re‘set <
5]
R °
D— | E
PFODDR )
C =
Modes 1, 2, 4,5, 6 WDbRF _B:gg_c_o_rlt_r(_)l_lgt
Reset : BRLE bit
| :
R :
PFO Q DI | ¢
N PFODR ;
C :
‘ 1
WDRF :
RDRF i
RPORF ;
™ :
L~ :
Ol> » Bus request input
Interrupt controller
<:{>—-:»IRQ interrupt input
Legend: . tTTmmmmmeees
WDDRF: Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

FigureC.11 (a) Port F Block Diagram (Pin PF)

RENESAS
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PF,

Reset
|

Q
PF1DDR

T
WDDRF

Reset
!

Modes 1, 2, 4,5, 6

Q
PF1DR

T
WDRF

D

Internal data bus

Bus controller

~BRLE bit

o]

Legend:
WDDRF :
WDRF
RDRF
RPORF

™~
L

RDRF

RPORF

E Bus request
1 acknowledge output

Interrupt controller

Write to PFDDR

. Write to PFDR
: Read PFDR
: Read port F

o>

FigureC.11 (b) Port F Block Diagram (Pin PF))
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(2]
a
Reset p
‘ ©
R °
Q DI— | &
PF2DDR 3
C £
WDDRF Bus controller
Reset : Wait enable
‘ '
Modes 1, 2, 4, 5, 6 R :
PF, Q_ D |
PF2DR I
C s
T \
WDRF :
Modes 1, 2, 4,5, 6 '
4@ | Bus request output
' enable
O<} ~ Bus request output
RDRF E
RPORF E
S ,
L :
= Wait input
Legend: Ol> . p
WDDREF : Write to PFDDR Interrupt controller

WDRF : Write to PFDR RO .
RDRF : Read PFDR O[>—* Q interrupt input

RPORF :ReadportF e

FigureC.11 (c) Port F Block Diagram (Pin PF,)
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Reset
!

Modes 1, 2, 4,5, 6

Modes 3, 7
|

Q
PF3DDR

DH——

T
WDDRF

Reset
!

PF,

Modes 1, 2, 4,5, 6

Q
PF3DR

T
WDRF

Internal data bus

Bus controller

™~
L

RDRF

RPORF

Interrupt controller

Legend:

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

FigureC.11 (d) Port F Block Diagram (Pin PF,)
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PF,

Modes 1, 2, 4,5, 6

Reset
!

R

Modes 3, 7
-

Modes 1, 2,4, 5,6

PF4ADDR
C

T
WDDRF

Reset
!

R

1

Q
PF4DR
C

|
WDRF

D

D

Internal data bus

Bus controller

RDRF

RPORF

Legend:
WDDRF :
WDRF
RDRF
RPORF

™~
L

Write to PFDDR

: Write to PFDR
: Read PFDR
: Read port F

FigureC.11 (e) Port F Block Diagram (Pin PF,)
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Reset
!

R
Q D
PF5DDR
Modes 1, 2, 4,5, 6 ?

WDDRF

Reset
Modes 3, 7 !
— R

Internal data bus

Q b
PF5DR
C

T
WDRF

PFs

B
Modes 1, 2, 4,5, 6

Bus controller

RDRF

RPORF

™~
L

Legend:

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Figure C.11 (f) Port F Block Diagram (Pin PF,)
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Reset
!

R

Di
PF6DDR
Modes 1, 2, 4, 5, 6 ?
WDDRF

Reset
!

Internal data bus

Modes 3, 7
! R

D

Q
PF6DR
C

|
WDRF

1
Modes 1, 2, 4,5, 6

Bus controller

RDRF

RPORF

™~
L

Legend:

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

FigureC.11 (g) Port F Block Diagram (Pin PF)
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PF,

Modes
1,2, 4, 5,‘6* R‘eset
S R
Q D—
PF7DDR

C

I
WDDRF

Reset
|

R

N PF7DR
c

|
WDRF

Internal data bus

RDRF

RPORF

™~
L

Legend:

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Note: * Set priority

Figure C.11 (h) Port F Block Diagram (Pin PF.)
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C.12 Port G Block Diagram
Reset
\
R
Q D *
PGODDR =]
o]
c )
\ IS
WDDRG T
]
Reset S
\ L
R =
PGq Q D
~ PGODR
C
T
WDRG
RDRG
RPORG
I
l/
A/D converter
4> = A/D converter external
\ trigger input
Interrupt controller
c{> » IRQ interrupt input
Legend: )
WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

FigureC.12 (a) Port G Block Diagram (Pin PG,)

RENESAS
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Reset
!

R
Q DI—
PG1DDR

C

T
WDDRG

Reset

R

Modes 1, 2, 3,7
|

PG, Q DI
PGIDR

1
Modes 4, 5, 6

l
WDRG

Internal data bus

Bus controller

RDRG

RPORG

™~
L

Interrupt controller

Legend:

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

Figure C.12 (b) Port G Block Diagram (Pin PG,)
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PG,

Reset
|

R
D—

Modes 1, 2, 3,7
-

Q
PGNDDR
C

T
WDDRG

Reset
|

R

1
Modes 4, 5, 6

Q DI
PGnDR
C

l
WDRG

Internal data bus

Bus controller

RDRG

RPORG

™~
L

Legend:

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

Note: n=2or3

Figure C.12 (c) Port G Block Diagram (Pins PG, and PG,)
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Reset

Modes Modes
1,4,5 2,3,6,7

S R

Modes 3, 7
-

PG4DDR

[
WDDRG

Reset
!

1
Modes 1, 2,4, 5,6

Q
PG4DR

T
WDRG

Internal data bus

Bus controller

™~
L

Legend:

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

RDRG

RPORG

Figure C.12 (d) Port G Block Diagram (Pin PG,)
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Appendix D Pin States

D.1 Port Statesin Each Mode
TableD.1 /O Port Statesin Each Processing State
Program
MCU Hardware Software Bus Execution
Port Name  Operating Power-On Manual Standby Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
P1,/TIOCB2/ 1to7 T kept T kept kept 1/0 port
TCLKD
P1/TIOCA2
P1,/TIOCB1/
TCLKC
P1,/TIOCA1
P1,/TIOCDO/ 1t03,7 T kept T kept kept 1/0 port
TCLKBIA, 4106 T k T DDR:-OPE=0] T DDR =0
p1/Tioccor 4% ept [T "OPE=0] E =0l
TCLKAA,, nput port
P1,/TIOCBO/ [DDR - OPE =1] [DDR =1]
A, kept Address
P1/TIOCAO/ output
A20
Port 2 lto7 T kept T kept kept 1/0 port
Port 3 lto7 T kept T kept kept 1/0 port
Port 4 lto7 T T T T T Input port
Port 5 1to7 T kept T kept kept 1/0 port
Port A 1t03,7 T kept T kept kept 1/0 port
4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
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Program
MCU Hardware Software Bus Execution
Port Name  Operating Power-On Manual Standby Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
Port B 1,4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0}
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
3,7 T kept T kept kept 1/0 port
Port C 1,4,5 L kept T [OPE =0] T Address
T output
[OPE =1]
kept
2,6 T kept T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address
output
3,7 T kept T kept kept 1/0 port
Port D 1,2,4t06 T T T T T Data bus
3,7 T kept T kept kept 1/0 port
Port E 1,2, 8hit T kept T kept kept 1/0 port
4106 bus
16-bit T T T T T Data bus
bus
3,7 T kept T kept kept 1/0 port
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Program
MCU Hardware Software Bus Execution
Port Name  Operating Power-On Manual Standby Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
PF,/p 1,2,4t06 Clock [DDR=0] T [DDR = 0] [DDR = 0] [DDR = 0]
output Input port Input port Input port Input port
[DDR = 1] [DDR = 1] [DDR = 1] [DDR = 1]
Clock H Clock output  Clock output
output
3,7 T kept T [DDR = 0] [DDR = 0] [DDR = 0]
Input port Input port Input port
[DDR = 1] [DDR = 1] [DDR = 1]
H Clock output  Clock output
PF/AS 1,2,4t06 H H T [OPE= Q] T AS, RD,
PF/RD T HWR, LWR
PF/HWR [OPE = 1]
PF/LWR/ H
IRQ3
3,7 kept kept kept 1/0 port
PF,/WAIT/ 1,2,4t06 T kept [BREQOE + [BREQOE + [BREQOE +
BREQO/ WAITE = 0] WAITE=0] WAITE =0]
IRQ2 kept kept 1/0 port
[BREQOE =1, [BREQOE =1, [BREQOE =1,
WAITE = 0] WAITE=0] WAITE =0]
kept BREQO BREQO
[BREQOE =0, [BREQOE =0, [BREQOE=0,
WAITE = 1] WAITE=1] WAITE=1]
T T WAIT
3,7 T kept T kept kept 1/0 port
PF/BACK/ 1,2,4t06 T kept [BRLE = 0] L [BRLE = 0]
IRQ1 kept 1/0 port
[BRLE = 1] [BRLE = 1]
H BACK
3,7 kept kept kept 1/0 port
PF/BREQ/ 1,2,4t06 T kept [BRLE = 0] T [BRLE = 0]
IRQO kept 1/0 port
[BRLE =1] [BRLE = 1]
T BREQ
3,7 T kept T kept kept 1/0 port
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Appendix D Pin States

Program
MCU Hardware Software Bus Execution
Port Name  Operating Power-On Manual Standby Standby Release State
Pin Name Mode Reset Reset Mode Mode State Sleep Mode
PG,/CSO 1,4,5 H kept T [DDR -OPE=0] T [DDR = 0]
T Input port
2,6 T [DDR - OPE = 1] [DDR = 1]
H CSo
(in sleep
mode, H)
3,7 T kept T kept kept 1/0 port
PG,/CST 1t03,7 T kept T kept kept 1/0 port
PG/CS2 4106 T kept T [DDR-OPE=0] T [DDR = 0]
PG,/CS3/
=) T Input port
[DDR - OPE = 1] [DDR = 1]
H CS1to0CS3
PG/ADTRG/ 1to7 T kept T kept kept 1/0 port
IRQ6
Legend:
H: High level
L: Low level
T: High impedance
kept: Input port becomes high-impedance, output port retains state
DDR: Data direction register
OPE: Output port enable
WAITE: Wait input enable
BRLE: Bus release enable

BREQOE: BREQO pin enable
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Appendix E Pin States at Power-On

Appendix E Pin States at Power-On

Note that pin states at power-on depend on the state of the STBY pin and NMI pin. The casein
which pins settle* from an indeterminate state at power-on, and the case in which pins settle* from
the high-impedance state, are described below.

After reset release, power-on reset exception handling is started.

Note: * "Settle" refersto the pin statesin a power-on reset in each MCU operating mode.

E.l When Pins Settle from an | ndeter minate State at Power-On

When the NMI pin level changes from low to high after powering on, the chip goes to the power-
on reset state after ahigh level is detected at the NMI pin. While the chip detects alow level at the
NMI pin, the manual reset state is established. The pin states are indeterminate during this
interval. (Ports may output an internally determined value after powering on.)

The NMI setup time (t,,,,0) iS necessary for the chip to detect a high level at the NMI pin.

Vee /
tosca N
=y /
STBY 7
Manual reset Power-on reset

)
m
w

/

(p WMMMMMMMMMMMMMM

A\ A\
NMI = Low - NMI = High
RES = Low

FigureE.1 When Pins Settle from an Indeterminate State at Power-On
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Appendix E Pin States at Power-On

E.2 When Pins Settle from the High-lmpedance State at Power-On

When the STBY pin level changes from low to high after powering on, the chip goes to the power-
on reset state after ahigh level is detected at the STBY pin. While the chip detects alow level at
the STBY pin, it isin the hardware standby mode. During thisinterval, the pins are in the high-
impedance state.

After detecting ahigh level at the STBY pin, the chip starts oscillation.

Vee /
tosc1 R
STBY 7Z
Hardware
starLdby modg B Power-on reset

A
A,

< >

NMI
T1

Confirm tImin and tyws.

fa

)
m
w

/

@ -

A\
NMI = High
RES = Low

FigureE.2 When Pins Settle from the High-Impedance State at Power-On
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Appendix F  Timing of Transition to and Recovery from Hardware Standby Mode

Appendix F Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Har dwar e Standby Mode

(1) Toretain RAM contents with the RAME bit set to 1 in SY SCR, drive the RES signal low at
least 10 states before the STBY signal goes low, as shown figure F.1. RES must remain low
until STBY goeslow (delay from STBY fall to RES rise: minimum O ns).

STBY

tl >10 tcyc t2 >0ns

0
m
(7]

FigureF.1 Timing of Transition to Hardwar e Standby M ode

(2) Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, or when RAM contents do
not need to be retained, RES does not have to be driven low asin (1).

Timing of Recovery from Har dware Standby M ode

Drive the RES signal low and the NMI signal high approximately 100 ns or more before STBY
goes high, and execute a power-on reset.

STBY

t>100 ns tosc

RES AN

INMIRH

NMI / N

FigureF.2 Timing of Recovery from Hardware Standby Mode
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Appendix G Product Code Lineup

Appendix G Product Code Lineup

Package
Product Type Part No. Mark Code (Package Code)
H8S/2246 Mask ROM version HD6432246 HD6432246FA 100 pin QFP (FP-100B)
HD6432246TE  100-pin TQFP (TFP-100B)
ZTAT version HD6472246 HD6472246FA  100-pin QFP (FP-100B)
HD6472246TE 100-pin TQFP (TFP-100B)
H8S/2245 Mask ROM version HD6432245 HD6432245FA  100-pin QFP (FP-100B)
HD6432245TE 100-pin TQFP (TFP-100B)
HB8S/2244 HD6432244 HD6432244FA  100-pin QFP (FP-100B)
HD6432244TE 100-pin TQFP (TFP-100B)
H8S/2243 HD6432243 HD6432243FA 100-pin QFP (FP-100B)
HD6432243TE  100-pin TQFP (TFP-100B)
H8S/2242 HD6432242 HD6432242FA 100-pin QFP (FP-100B)
HD6432242TE  100-pin TQFP (TFP-100B)
H8S/2241 HD6432241R HD6432241RFA 100-pin QFP (FP-100B)
HD6432241RTE  100-pin TQFP (TFP-100B)
H8S/2240 ROMless version HD6412240 HD6412240FA  100-pin QFP (FP-100B)
HD6412240TE 100-pin TQFP (TFP-100B)

Rev.3.00 Mar. 26, 2007 Page 770 of 772

REJ09B0355-0300

RENESAS



Appendix H Package Dimensions

Appendix H Package Dimensions

The package dimension that is shown in the Renesas Semiconductor Package Data Book has
priority.

JEITA Package Code [ RENESAS Code | Previous Code | MASS[Typ.] |
P-QFP100-14x14-0.50 | PRQPO100KA-A | FP-100B/FP-100BV | 129 |

7 51 NOTE)
HRAARAAARRARAARARARAARRARR ~ L DIMENSIONS™L'AND"2"
—1 DO NOT INCLUDE MOLD FLASH
7 =g =3 2. DIMENSION"*3"DOES NOT
== = INCLUDE TRIM OFFSET.
= = be
== =
== o by
== =
== =
o = 3
= &= w T b
== = .
== = ;
== =
= = Dimension in Milimeters
é:(; § Terminal cross section Rg'yﬁ"ucwe Min | Nom| Max
= =N D|— |14 [—
100 = P E|— 1| 14 | —
—
L GEE G REEGEEGEE LR S EERLE} = A [ — [270] —
r 5 Hp [ 15.7 | 16.0 | 16.3

z He [15.7]16.0 | 16.3
J 4 %ﬂﬁ . A | — [— [305
: k 1y A1]0.00]0.12]0.25

[ ; T bp [0.17 ] 0.22] 027

ST — e Tomzl01r [0z
Detail F c1 0.15

2 I blol— L&
[e] 0.5

X — | — 1 0.08

y |— | — Jo010

Zp| — | 10| —

Ze | — | 10| —

L 03] 05| 07

Ly | — | 10| —

FigureH.1 FP-100B Package Dimensions
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Appendix H Package Dimensions

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ.] |
P-TQFP100-14x14-0.50 | PTQPO100KA-A _[TFP-100B/TFP-100BY/ 059 |

Ho

b

AR AARAARRAARAARAARRARE

NOTE)
1. DIMENSIONS"*1"AND"*2"
DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT
INCLUDE TRIM OFFSET

Terminal cross section eferencel Dimension in Milimeters
Symbol | Min | Nom| Max

D|— ] 14—
E|l—]14]—

\:l Ay | — [1.00] —

EEEE R L L EEEE R EEEEE Hp| 158 16.0] 16.2
r » = He|[15.8]16.0]16.2
2 ndex mark b %EEEE ! A — | — [120

—_— A1 [0.00]0.10| 0.20

b, [0.17]0.22]0.27

AARAAARARARAARAAAARAAAAARA
ELLEERRRECEREEEREEREERRE!

100

Ar

b; | —]020] —
H = Detail F ¢ |042]017]022
A a1 0.15
[Z] 0° | — 8°
= = ) B —los—
X |— | — [0.08
y |— [— |00
Zp | — [1.00| —
Ze | — [1.00] —
L [04] 05] 06
Li | —]10] —

FigureH.2 TFP-100B Package Dimensions
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