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1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
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3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
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demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
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particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
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employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.

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

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




Preface

The H8/3022 Series comprises high-performance single-chip microcomputers (MCUSs) that
integrate system supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit

(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial
communication interface (SCI), an A/D converter, 1/O ports, and other facilities. Of the two SCI
channels, one has been expanded to support the ISO/IEC 7816-3 smart card interface. Functions
have also been added to reduce power consumption in battery-powered applications: individual
modules can be placed in standby, and the frequency of the system clock supplied to the chip can
be divided down under software control.

The five MCU operating modes offer a choice of expanded mode, single-chip mode, and address
space size, enabling the H8/3022 Series to adapt quickly and flexibly to a variety of conditions.

In addition to its masked-ROM versions, the H8/3022 Series has an FI¥T¥drsion with user
programmable on-chip flash memory that can be programmed on-board. These versions enable
users to respond quickly and flexibly to changing application specifications.

This manual describes the H8/3022 Series hardware. For details of the instruction set, refer to the
H8/300H Series Programming Manual.

Note: * F-ZTAT™ is a trademark of Hitachi, Ltd.
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Section 1 Overview

1.1 Overview

The H8/3022 Series comprises microcomputers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core featuring an original Hitachi architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Its instruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial
communication interface (SCI), an A/D converter, I/O ports, and other facilities.

The H8/3022 Series consists of four models: the H8/3022 with 256 kbytes of ROM and 8 kbytes
of RAM, the H8/3021 with 192 kbytes of ROM and 8 kbytes of RAM, and the H8/3020 with 128
kbytes of ROM and 4 kbytes of RAM.

The five MCU operating modes offer a choice of expanded mode, single-chip mode and address
space size.

In addition to the masked-ROM version of the H8/3022 Series, an F-ZFA&rsion with an on-

chip flash memory that can be freely programmed and reprogrammed by the user after the board is
installed is also available. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1-1 summarizes the features of the H8/3022 Series.

Note: * F-ZTAT (Flexible ZTAT) is a trademark of Hitachi, Ltd.
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Table 1-1 Features

Feature

Description

CPU

Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

Sixteen 16-bit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)

High-speed operation

Maximum clock rate: 18 MHz
Add/subtract: 111 ns
Multiply/divide: 778 ns

Two CPU operating modes

.

Normal mode (64-kbyte address space)*
Advanced mode (16-Mbyte address space)

Instruction features

.

8/16/32-bit data transfer, arithmetic, and logic instructions

Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)

Bit accumulator function

Bit manipulation instructions with register-indirect specification of bit positions

Memory

H8/3022

ROM: 256 kbytes
RAM: 8 kbytes

H8/3021

.

ROM: 192 kbytes
RAM: 8 kbytes

H8/3020

ROM: 128 kbytes
RAM: 4 kbytes

Interrupt
controller

.

Five external interrupt pins: NMI, IRQ,, IRQ;, IRQ,, IRQ;
25 internal interrupts
Three selectable interrupt priority levels

Bus controller

Address space can be partitioned into eight areas, with independent bus
specifications in each area

Two-state or three-state access selectable for each area
Selection of four wait modes
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Feature Description

16-bit integrated *  Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10
timer unit (ITU) pulse inputs

e 16-hit timer counter (channels 0 to 4)

* Two multiplexed output compare/input capture pins (channels 0 to 4)

* Operation can be synchronized (channels 0 to 4)

*  PWM mode available (channels 0 to 4)

* Phase counting mode available (channel 2)

« Buffering available (channels 3 and 4)

¢ Reset-synchronized PWM mode available (channels 3 and 4)

e Complementary PWM mode available (channels 3 and 4)

Programmable e Maximum 15-bit pulse output, using ITU as time base

timing pattern * Up to three 4-bit pulse output groups and one 3-bit pulse output group (or one 15-
controller (TPC) bit group, one 8-bit group, or one 7-bit group)

* Non-overlap mode available

Watchdog timer * Reset signal can be generated by overflow
(WDT), 1 channel * Reset signal can be output externally (However, not available with the F-ZTAT
version.)
e Usable as an interval timer
Serial » Selection of asynchronous or synchronous mode
communication » Full duplex: can transmit and receive simultaneously
interface (SClI), *  On-chip baud-rate generator
2 channels * Smart card interface functions added (SCIO only)
A/D converter * Resolution: 10 bits

» Eight channels, with selection of single or scan mode
* Variable analog conversion voltage range

¢ Sample-and-hold function

e Can be externally triggered

1/0 ports * 55 input/output pins
* 8 input-only pins
Operating modes Five MCU operating modes
Address Address Bus

Mode Space Pins Width
Mode 1 1 Mbyte A to A 8 bits
Mode 3 16 Mbytes Ayto Ay, 8 bits
Mode 5 1 Mbyte A to Ajg 8 bits
Mode 6 16 Mbytes A to Ay, 8 bits
Mode 7 1 Mbyte — —

e On-chip ROM is disabled in modes 1 and 3
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Feature

Description

Power-down
state

e Sleep mode

« Software standby mode

« Hardware standby mode

*  Module standby function

* Programmable System clock frequency division

Other features

¢ On-chip clock oscillator

Product lineup

Model (3V) Package ROM
HD64F3022F 80-pin QFP (FP-80A) Flash memory
HDG64F3022TE 80-pin TQFP (TFP-80C)

HD6433022F 80-pin QFP (FP-80A) Mask ROM
HD6433022TE 80-pin TQFP (TFP-80C)

HD6433021F 80-pin QFP (FP-80A) Mask ROM
HD6433021TE 80-pin TQFP (TFP-80C)

HD6433020F 80-pin QFP (FP-80A) Mask ROM
HD6433020TE 80-pin TQFP (TFP-80C)

Note: * Normal mode cannot be used with this LSI.
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1.2 Block Diagram

Figure 1-1 shows an internal block diagram of the H8/3022 Series.
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MD; — ]
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T T ( U _
Programmable [ [ [~ P95/SCK,/IRQ
- A/D converter — 5 VIS5
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controller (TPC) . 9:3 =~ P93/RXD;
L4 ; —| 18}~ P9,/RxDg
[ = P9,/TXD;
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I =l 0 1 1]
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EEEFESS T2»x00 2o
SEE SRy ddldazEEa<
D fy0Paa EEEEEERQQ
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Note: * Masked ROM : RESO
Flash memory: FWE

Figure 1-1 Block Diagram
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1.3 Pin Description

1.3.1 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8/3022 Series.

«
w
. B =
z z < "I !D [ 4 < 3 9
L gl 2T _ o o2 < <L
:ﬁﬁ’mgs’&sﬁskxaz]mk &8s
o o<l aaoa > X Ww>S2ZKEwmw e =2 =2 o o d
OnnnAooaoaonoooaonaonAonnonnnn
o O o N~ © 0 <t o o - O O o N~ © 0 < o o —
© . W n w0 [T [T9) [Te) [T n n < < < < < < < < <
P7,/AN, [] 61 40 [ A/P5,
P74/AN3 [] 62 39 [ A16/P5
P74JAN, [] 63 38 [ Ar5/P2;
P75/ANs [] 64 37 [ A/P2g
P7¢/ANg [] 65 36 [ Ag3/P25
P74/AN; [] 66 35 [ A/P2,
AVcc [ 67 34 [] A14/P23
P8,/IRQ, [] 68 33 [ Aig/P2,
P8,/IRQ; [] 69 Top view 32 [ Ag/P2,
P9y/TxD; [] 70 (FP-80A, TFP-80C) 3111 AglP2
P9s/RxD; [ 71 30 [ Vss
P95/IRQs/SCK, [ 72 29 [ A//P1,
PAG/TPy/TCLKA [] 73 28 [ Ag/P1g
PAL/TP,/TCLKB [] 74 27 [ Ag/P1sg
PALITP,/TIOCAGTCLKC [ 75 26 [ Ay/P1,
PA3/TP3/TIOCBy/TCLKD [] 76 25 [ Ag/P1;
PA4TP,TIOCA /A3 [] 77 24 [ AlP1,
PAg/TP5/TIOCB;/Az, [] 78 23 [ A)/P1,
PAG/TPG/TIOCAA,; [ 79 22 [ Ag/P1g
PA7/TP/TIOCB,/Az0 [] 80 21 [ Vee
o — N 2] < wn © N~ [ce) @ O
i N [32] < wn © N~ [ee] [} — i — - - - - - - - N
oot oood
S o d dd A D ST BF oSS F o b
[ o o QO >0 0 0o o0 o o o o
Fe 223" RS2 55855888
£ B g addda a X X 0
B U~ ~ EFaa
S8 a0 <o ) S
008853 = e
EE Q2288 o =
FF Q20 <

Note: * Masked ROM: RESO

Flash memory: FWE

Figure 1-2

Pin Arrangement (FP-80A, TFP-80C Top View)
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1.3.2 Pin Functions

Pin Assignments in Each ModeTable 1-2 lists the FP-80A and TFP-80C pin assignments in
each mode.

Table 1-2 FP-80A and TFP-80C Pin Assignments in Each Mode

Pin Name

Pin No. Mode 1 Mode 3 Mode 5 Mode 6 Mode 7

1 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

2 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

3 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,/ PB,/TP,,/
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

4 PB./TP,,/ PB,/TP,,/ PB./TP,,/ PB,/TP,,/ PB./TP,,/
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

5 PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,

6 PB./TP,,/ PB./TP../ PB./TP,,/ PB./TP../ PB./TP,,/
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,

7 MD, MD, MD, MD, MD,

8 PB.,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
ADTRG ADTRG ADTRG ADTRG ADTRG

9 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

10 P9,/RXD, P9,/RXD, P9,/RXD, P9,/RXD, P9,/RXD,

11 P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/
IRQ, IRQ, IRQ, IRQ, IRQ,

12 VSS VSS VSS VSS VSS

13 D, D, D, D, P3,

14 D, D, D, D, P3,

15 D, D, D, D, P3,

16 D, D, D, D, P3,

17 D, D, D, D, P3,

18 D, D, D, D, P3,

19 D, D, D, D, P3,

20 D, D, D, D, P3,
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Pin Name

Pin No. Mode 1 Mode 3 Mode 5 Mode 6 Mode 7
21 Vee Vee Vee Vee Vee
22 A, A, P1,/A, P1,/A, P1,
23 A, A, P1,/A, P1/A, P1,
24 A, A, PL,/A, PL,/A, P1,
25 A, A, PL/A, PL,/A, P1,
26 A, A, P1,/A, P1,/A, P1,
27 A, A, P1/A, PLJ/A, P1,
28 A, A, P1/A, P1,/A, P1,
29 A, A, PL/A, PLJ/A, P1,
30 Vs Ves Ves Ves Ves
31 A, A, P2,/A P2,/A, P2,
32 A, A, P2,/A, P2,/A, P2,
33 A, Ay P2,/A,, P2,/A,, P2,
34 A, A, P2,J/A,, P2,/A,, P2,
35 A, A, P2,/A,, P2,/A,, P2,
36 A, A, P2,JA P2,J/A,, P2,
37 A, A P2,/A., P2,/A,, P2,
38 A A P2,/A P2,/A,, P2,
39 Ay Ay P5,/A,, P5,/A,, P5,
40 A, A, P5,/A,, P5,/A,, P5,
41 Ay Ay P5,/A,, P5,/A,, P5,
42 A, A P5,/A,, P5,/A,, P5,
43 P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,
44 MD, MD, MD, MD, MD,
45 MD, MD, MD, MD, MD,
46 [4] ] [4] ] [4]
47 STBY STBY STBY STBY STBY
48 RES RES RES RES RES
49 NMI NMI NMI NMI NMI
50 Vs Vs Vs Vs Ves
8
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Pin Name

Pin No. Mode 1 Mode 3 Mode 5 Mode 6 Mode 7

51 EXTAL EXTAL EXTAL EXTAL EXTAL

52 XTAL XTAL XTAL XTAL XTAL

53 Vee Vee Vee Vee Vee

54 AS AS AS AS P6,

55 RD RD RD RD P8,

56 WR WR WR WR P6,

57 RESO/ RESO/ RESO/ RESO/ RESO/
FWE* FWE* FWE* FWE* FWE*

58 AV AV AV AV AV

59 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

60 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

61 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

62 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

63 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

64 P7./AN, P7,/AN, P7./AN, P7,/AN, P7./AN,

65 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

66 P7./AN, P7,/AN, P7./AN, P7,/AN, P7./AN,

67 AV . AV . AV . AV . AV .

68 P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ,

69 P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ,

70 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

71 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD,

72 P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/
IRQ, IRQ; IRQ, IRQ; IRQ,

73 PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TCLKA TCLKA TCLKA TCLKA TCLKA

74 PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TCLKB TCLKB TCLKB TCLKB TCLKB

75 PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TIOCA,/ TIOCA/ TIOCA,/ TIOCA/ TIOCA,/
TCLKC TCLKC TCLKC TCLKC TCLKC
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Pin Name

Pin No. Mode 1 Mode 3 Mode 5 Mode 6 Mode 7
76 PA,TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TIOCBy/ TIOCBY TIOCBy/ TIOCBY TIOCBy/
TCLKD TCLKD TCLKD TCLKD TCLKD
77 PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TIOCA, TIOCA//A,, TIOCA, TIOCA//A,, TIOCA,
78 PA/TP,/ PA,/TP,/ PA/TP,/ PA,/TP,/ PA/TP,/
TIOCB, TIOCB//A,, TIOCB, TIOCB//A,, TIOCB,
79 PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/ PA,/TP,/
TIOCA, TIOCA,JA,, TIOCA, TIOCA,A,, TIOCA,
80 PA,ITP,/ A PA,/TP,/ A PA,/TP,/
TIOCB, TIOCB, TIOCB,

Notes: Pins marked NC should be left unconnected.

*

10

Masked ROM: RESO
Flash Memory: FWE
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1.4 Pin Functions
Table 1-3 summarizes the pin functions.

Table 1-3 Pin Functions

Type Symbol Pin No. I} Name and Function
Power Ve 21, Input Power: For connection to the power
53 supply. Connect all V. pins to the system
power supply.
Vg 12, Input Ground: For connection to ground (0 V).
30, Connect all Vg pins to the 0-V system
50 power supply.
Clock XTAL 52 Input For connection to a crystal resonator
For examples of crystal resonator and
external clock input, see section 16, Clock
Pulse Generator.

EXTAL 51 Input For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 16, Clock Pulse
Generator.

[4] 46 Output System clock: Supplies the system clock
to external devices

Operating MD,, 7, Input Mode 2 to mode O: For setting the
mode MD,, 45, operating mode, as follows. These pins
control MD, 44 should not be changed during operation.

Operating

MD, MD, MD, Mode

0 0 0 —

0 0 1 Mode 1

0 1 0 —

0 1 1 Mode 3

1 0 0 —

1 0 1 Mode 5

1 1 0 Mode 6

1 1 1 Mode 7

11
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Type Symbol Pin No. 1/0 Name and Function
System RES 48 Input Reset input: When driven low, this pin
control resets the chip

RESO/ 57 Output/ Reset output (Masked ROM version):

FWE Input Outputs WDT-generated reset signal to an
external device.

Write enable signal (F-ZTAT version):
Flash memory write control signal.

STBY 47 Input Standby: When driven low, this pin forces a

transition to hardware standby mode
Interrupts NMI 49 Input Nonmaskable interrupt:  Requests a
nonmaskable interrupt

IRQ,, IRQ, 72,11, Input Interrupt request 5, 4, 1, 0: Maskable

IRQ,, IRQ, 69, 68 interrupt request pins

Address bus A,; to A,, 77to 80, Output Address bus: Outputs address signals
A, t0 A, 42 to 31,
A, t0 A, 29to 22
Data bus D, to D, 20to 13 Input/ Data bus: Bidirectional data bus
output
Bus control AS 54 Output Address strobe: Goes low to indicate valid
address output on the address bus

RD 55 Output Read: Goes low to indicate reading from the
external address space.

WR 56 Output Write: Goes low to indicate writing to the
external address space indicates valid data
on the data bus.

WAIT 43 Input Wait: Requests insertion of wait states in
bus cycles during access to the external
address space

16-bit TCLKD to 7610 73 Input Clock input Ato D: External clock inputs

integrated TCLKA

timer unit TIOCA, to 3,1,79, Input/ Input capture/output compare A4 to AO:

(ITU) TIOCA, 77,75 Output GRA4 to GRAO output compare or input
capture, or PWM output

TIOCB, to 4,2, 80, Input/ Input capture/output compare B4 to BO

TIOCB, 78,76 output GRB4 to GRBO output compare or input
capture, or PWM output

TOCXA, Output Output compare XA4: PWM output

TOCXB, Output Output compare XB4: PWM output

12
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Type Symbol Pin No. I/0 Name and Function
Programm- TP, 8,6t01 Output TPC output 15, 13to 0 : Pulse output
able timing TP, to 80to 73
pattern TP,
controller
(TPC)
Serial com- TxD,, 70,9 Output Transmit data :(channels 0 and 1): SCI
munication TXD, data output
interface RxD,, 71,10 Input Receive data: (channels 0 and 1): SCI
(SCly RxD, data input
SCK,, 72,11 Input/ Serial clock: (channels 0 and 1): SCI clock
SCK, output input/output
A/ID AN, to 66 to 59 Input Analog 7 to 0: Analog input pins
converter AN,
ADTRG 8 Input A/D trigger: External trigger input for
starting A/D conversion
AV 67 Input Power supply pin and reference voltage
input pin for the A/D converter Connect to
the system power supply when not using
the A/D converter
AVgq 58 Input Ground pin for the A/D converter. Connect
to system power-supply (0 V).
1/0 ports P1,to P1, 29to22 Input/ Port 1: Eight input/output pins. The
output direction of each pin can be selected in the
port 1 data direction register (PLDDR).
P2,to P2, 38to31 Input/ Port 2: Eight input/output pins. The
output direction of each pin can be selected in the
port 2 data direction register (P2DDR).
P3,t0 P3, 20to 13 Input/ Port 3: Eight input/output pins. The
output direction of each pin can be selected in the
port 3 data direction register (P3DDR).
P5,to P5, 42to 39 Input/ Port 5: Four input/output pins. The
output direction of each pin can be selected in the
port 5 data direction register (P5SDDR).
P6.to P6,, 561054, Input/ Port 6: Four input/output pins. The
P6, 43 output direction of each pin can be selected in the
port 6 data direction register (P6DDR).
P7,t0 P7, 66 t059 Input Port 7: Eight input pins
P8,, P8, 69, 68 Input/ Port 8: Two input/output pins. The
output direction of each pin can be selected in the

port 8 data direction register (P8DDR).

13

HITACHI



Type Symbol Pin No. lfe} Name and Function
I/O ports P9, to 72,11 Input/ Port 9: Six input/output pins. The direction
P9, 71,10 output of each pin can be selected in the port 9
70,9 data direction register (P9DDR).
PA, to 80to 73 Input/ Port A: Eight input/output pins. The
PA, output direction of each pin can be selected in the
port A data direction register (PADDR).
PB,,PB; 8,6tol Input/ Port B: Seven input/output pins. The
to PB, output direction of each pin can be selected in the
port B data direction register (PBDDR).
14
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Section 2 CPU

2.1 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control.

2.1.1 Features

The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU

Can execute H8/300 series object programs without alteration
General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
Sixty-two basic instructions

O 8/16/32-bit arithmetic and logic 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:24, ERnN)]
Register indirect with post-increment or pre-decrement [@ERN+ or @—ERN]
Absolute address [@aa:8, @aa:16, or @aa:24]

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

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

Memory indirect [@ @aa:8]

16-Mbyte linear address space

Oo0Oo0ooOoogood

15
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High-speed operation

O All frequently-used instructions execute in two to four states
O Maximum clock frequency: 18 MHz

O 8/16/32-bit register-register add/subtract: 111 ns

O 8 x 8-bit register-register multiply: 778 ns

O 16+ 8-bit register-register divide: 778 ns

O 16 x 16-bit register-register multiply: 1222 ns

O 32+ 16-bit register-register divide: 1222 ns

Two CPU operating modes

O Normal mode (cannot be used with this LSI)

O Advanced mode

Low-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differences from H8/300 CPU

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

16

More general registers

Eight 16-bit registers have been added.

Expanded address space

O Advanced mode supports a maximum 16-Mbyte address space.

O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Enhanced addressing

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

Enhanced instructions
O Data transfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2-1.

Unless specified otherwise, all descriptions in this manual refer to advanced mode.

Maximum 64 kbytes, program

Normal mode* !
and data areas combined

CPU operating modes

Advanced mode Maximum 16 Mbytes, program
and data areas combined

Note: * Normal mode cannot be used with this LSI.

Figure 2-1 CPU Operating Modes

17
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. This LSI allows selection of a
normal mode and advanced mode 1-Mbyte mode or 16-Mbyte mode for the address space
depending on the MCU operation mode. Figure 2-2 shows the address ranges of the H8/3022
Series. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'00000 H'00000 H'000000
H'FFFFF
H'FFFFF
H'FFFFFF
(a) 1-Mbyte mode (b) 16-Mbyte mode
1. Normal mode 2. Advanced mode
(64-Kbyte mode)*

Note: * Normal mode cannot be used with this LSI.

Figure 2-2 Memory Map

18
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2.4 Register Configuration

2.4.1 Overview

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers:
general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr [ 1|ulH[ulN|z]vic]

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

Ul:  User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzCIT

Figure 2-3 CPU Registers
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2.4.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address 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-bit registers or as 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 R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

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

Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers
» 32-bit registers » 16-bit registers « 8-bit registers

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure 2-4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the
stack.

/\/

Free area

SP (ER7)—>

Stack area

/\/

Figure 2-5 Stack

2.4.3 Control Registers

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

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructions is 2 bytes (one word) or a multiple of 2 bytes, so
the least significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is
regarded as O.

Condition Code Register (CCR):This 8-bit register contains internal CPU status information,
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMl is accepted
regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling sequence.

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 see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry 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 there is a carry 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):Indicates 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): Setto 1 when an arithmetic overflow occurs, and cleared to O at other
times.

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

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

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC is initialized to a value loaded from the vector table, and the | bit
in CCR is set 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 must therefore be initialized by an
MOV.L instruction executed immediately after a reset.
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2.5 Data Formats
The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by 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.

2.5.1 General Register Data Formats

Figures 2-6 and 2-7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare .
7 0

1-bit data RnL : Don’t care EE

7 43 0

4-bit BCD data RnH Don't care :

________________ 7 43 0

4-bit BCD data RnL | Don't care

7 o
Byte data RnH [:j Don't care :
MSB ts8
________________ 7 0
Byte data RnL I Don'’t care E:]
MSB LSB

Legend
RnH: General register RH
RnL: General register RL

Figure 2-6 General Register Data Formats
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General

Data Type Register Data Format
15 0
Word data Rn | ‘ ‘
MSB LSB
15 ‘O
Word data En | . L |
MSB LSB
31 1615 0
Longword data ERn | L .
MSB LSB

Legend

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure 2-7 General Register Data Formats

2.5.2 Memory Data Formats

Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on 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 address is regarded as 0, so the access starts at the preceding address. This

also applies to instruction fetches.
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address /

Address /

Address 2m
Address 2m + 1

Address 2n

Address 2n + 1
Address 2n + 2
Address 2n + 3

Data Format

Figure 2-8 Memory Data Formats

HITACHI

When ER7 (SP) 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 Instruction Set

2.6.1 Instruction Set Overview

The H8/300H CPU has 62 types of instructions, which are classified as shown in table 2-1.

Table 2-1 Instruction Classification

Function

Instruction Types

Data transfer

MOV, PUSH**, POP**, MOVTPE*?, MOVFPE*? 3

Arithmetic operations

ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, DIVXU, MULXS, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations

AND, OR, XOR, NOT

Shift operations

SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR

Bit manipulation

BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bcee*?, JIMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types

Notes: 1. POP.W Rnis identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. These instructions are not available on the H8/3022 Series.
3. Bcc is a generic branching instruction.
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2.6.2 Instructions and Addressing Modes
Table 2-2 indicates the instructions available in the H8/300H CPU.

Table 2-2 Instructions and Addressing Modes

Addressing Modes

@ @ @ @
@  (d:16,(d24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xx Rn ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa:8 Implied
Data MoV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer  POP,PUSH — — — R — - — — - — — WL
MOVFPE, — — — —_ = = — B — - - = —
MOVTPE
Arithmetic ADD, CMP BWL BWL — —_ - = - — — - - =
operations SUB WL BWL — — — - — - — - - = —
ADDX, B B — —_ - = - — — - - =
SUBX
ADDS, — L — —_ = = R — — - - =
SUBS
INC,DEC — BWL— —_ - = - — — - - = —
DAA,DAS — B — —_ = = - — — - - =
MULXU, — BW — —_ = = R — — - - = —
MULXS,
DIVXU,
DIVXS
NEG —  BWL— —- - = - — — - - =
EXTU, — WL — - = = - — — - = = =
EXTS
Logic AND, OR, BWL BWL — —_ - = - — — - - =
operations XOR
NOT — BWL— —_ = = [ — — - - = —
Shift instructions — BWL— - = = - — — - - = —
Bit manipulation — B B — — — B — — - - = =
Branch Bcc, BSR —_ - = — — — — - — O O [
JMP,JSR — — O — — — - - 0O = = 0O -
RTS NS — R — - — — - 0
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Addressing Modes

@ @ @ @
@ (d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@
Function Instruction #xx Rn ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa:8 Implied

System TRAPA - - - — - = — = — — — = 0O

control RTE —_ - - (R — — - — — — — O
SLEEP —_ - = — — — [ — — - — — O
LDC B B w W W w — W W —_ - — —
STC — B W w w w — W W - — - —
ANDC, B —_ — — — — [ — — - — -
ORC,
XORC
NOP - - - - = = - - - - - - 0

Block data transfer - - = (R — - — — — — — BW

Legend

B: Byte

W: Word

L: Longword
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2.6.3 Tables of Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation
used in these tables is defined as follows.

Operation Notation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERN General register (32-bit register or address register)
(EAd) Destination operand

(EAS) Source operand

CCR Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O Logical AND

O Logical OR

O Exclusive logical OR

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table 2-3 Data Transfer Instructions

Instruction Size * Function
MOV B/WI/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 (EAs) - Rd
Cannot be used in the H8/3022 Series.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3022 Series.
POP WI/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERN.
PUSH WiL Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @—SP. Similarly, PUSH.L ERn is identical to MOV.L
ERn, @-SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-4 Arithmetic Operation Instructions

Instruction Size * Function

ADD, B/WI/L Rd £ Rs - Rd, Rd + #IMM - 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 data in a general register. Use the SUBX or
ADD instruction.)

ADDX, B Rd+tRs+C - Rd,Rd+#IMM £ C - Rd

SuBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC, B/W/L Rd+1 - Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 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 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 x Rs - 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.
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Instruction Size * Function

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-hit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-
bit quotient and 16-bit remainder.

CMP B/WI/L Rd — Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the result.

NEG B/WI/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS W/L Rd (sign extension) - Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU W/L Rd (zero extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word
L:  Longword
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Table 2-5 Logic Operation Instructions

Instruction Size * Function

AND B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L Rd ORs - Rd, Rd O#MM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WI/L RdORs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/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

Table 2-6 Shift Instructions

Instruction Size * Function
SHAL, B/W/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WIL Rd (rotate) - Rd
ROTR Rotates general register contents.
ROTXL, B/W/L Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L:  Longword
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Table 2-7 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 3 bits of a
general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BTST B - (<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 3 bits of a general register.

BAND B C 0 (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C 0O[- (<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.
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Instruction Size * Function

BOR B C O(<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C O[~ (<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.

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

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

BILD B - (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<hit-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 bitin 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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Table 2-8 Branching 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=0
BLS Low or same cuz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BvVC 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 ZONDOV)=0
BLE Less or equal ZzONOV)=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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Table 2-9 System Control Instructions

Instruction Size * Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W (EAs) — CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory,
data is read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register 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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Table 2-10 Block Transfer Instruction

Instruction Size Function
EEPMOV.B — if R4L # 0 then
repeat @ERS5+ - @ER6+, R4L—-1 - R4L
until R4AL=0
else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ - @ER6+,R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers
RA4L or R4, ER5, and ER6.

RA4L or R4: Size of block (bytes)
ERS: Starting source address
ERG: Starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OP field), a register field (r field), an effective address extension (EA field), and a condition
field (cc).

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

Register Field: Specifies a general 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.

Effective Address Extension:Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement is treated as 32-bit data in which the
first 8 bits are 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2-9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ n ‘ m | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure 2-9 Instruction Formats
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2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit 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.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1:BCLR is executed to clear bit 0 in the port 4 data direction register (PADDR) under
the following conditions.

PA7, PAg:  Input pins
PAs — PAy.  Output pins

The intended purpose of this BCLR instruction is to switcly ém output to input.

Before Execution of BCLR Instruction

PA-, PAg PAg PA, PA; PA, PA, PA,
Input/output  Input Input Output  Output  Output  Output Output  Output
DDR 0 0 1 1 1 1 1 1

Execution of BCLR Instruction
BCLR #0, @PADDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

PA, PAg PAg PA,4 PA; PA, PA, PA,
Input/output  Output  Output Output  Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR is a write-only register, it is read as H'FF, even though its true value is H'3F.

Next the CPU clears bit O of the read data, changing the value to H'FE.

Finally, the CPU writes this value (H'FE) back to PADDR to complete the BCLR instruction.

40
HITACHI



As a result, PADDR is cleared to 0, making RA&n input pin. In addition, PADDR and
PAgDDR are set to 1, making BAand P4 output pins.

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.

2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Modes

The H8/300H 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 (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit
number in the operand.

Table 2-11 Addressing Modes

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

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

2 Register Indirect—@ERnN: The register field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.
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3 Register Indirect with Displacement—@(d:16, ERn) or @(d:24, ERn)A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of a memory operand. A 16-bit 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) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

» Register indirect with pre-decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa:8, @aa:16, or @aa:2%he instruction code contains the absolute
address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible
address ranges.

Table 2-12 Absolute Address Access Ranges

Absolute

Address 1-Mbyte Modes 16-Mbyte Modes

8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO to H'FFFFFF
(1,048,320 to 1,048,575) (16,776,960 to 16,777,215)

16 bits (@aa:16)  H'00000 to H'O7FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32,767, 1,015,808 to (0to 32,767, 16,744,448 to
1,048,575) 16,777,215)

24 bits (@aa:24)  H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1,048,575) (0 to 16,777,215)

6 Immediate—#xx:8, #xx:16, or #xx:32The instruction code contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

42
HITACHI



The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)This mode is used in the Bcc and

BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—-16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@ @aa:8: This mode can be used by the JMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2-10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 0 to
255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure 2-10 Memory-Indirect Branch Address Specification

When a word-size or longword-size memory operand is specified, or when a branch address is
specified, if the specified memory address is odd, the least significant bit is regarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2-13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has four processing states: the program execution state, exception-handling
state, power-down state, and reset state. The power-down state includes sleep mode, software
standby mode, and hardware standby mode. Figure 2-11 classifies the processing states.
Figure 2-13 indicates the state transitions.

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Reset state

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure 2-11 Processing States
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2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to a reset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of 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 exceptions are accepted at all times in the program execution state.

Table 2-14 Exception Handling Types and Priority

Type of
Priority Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts
A immediately when RES changes
from low to high
Interrupt End of instruction execution When an interrupt is requested,
or end of exception handling*  exception handling starts at the
end of the current instruction or
current exception-handling
sequence
Trap instruction When TRAPA instruction is Exception handling starts when
executed a trap (TRAPA) instruction is
Low executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or
immediately after reset exception handling.

Figure 2-12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)
Trap instruction

Figure 2-12 Classification of Exception Sources

CProgram execution state>
SLEEP

instruction
with SSBY =0

Sleep mode >

End of
exception
handling

Exception

Interrupt SLEEP instruction
wi

ith SSBY = 1

>

KSoftware standby mode> :

NMI, IRQq, IRQ 4,
or IRQ;, interrupt

<Exception—handling state |
A

RES high

\ STBY high, RES low
C Reset state™* j=

Gardware standby mode*a

Power-down state

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

Figure 2-13 State Transitions
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2.8.4 Exception-Handling Sequences

Reset Exception Handling:Reset exception handling has the highest priority. The reset state is
entered when thRES signal goes low. Reset exception handling starts after that, Riffen

changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU sets this set to 1, the CPU sets the | bit in the condition code
register to 1. If the UE bit is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition
code register to 1. Then the CPU fetches a start address from the exception vector table and
execution branches to that address.

Figure 2-14 shows the stack after the exception-handling sequence.

¥/\ ¥/\

SP-4 SP (ER7) —» CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) - Stack area SP+4 Even

| B address

f \_/\

Before exception > After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure 2-14 Stack Structure after Exception Handling
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2.8.5 Reset State

When theRES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by a reset. All interrupts are masked in the reset state.
Reset exception handling starts whenRIES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details see section 10,
Watchdog timer.

2.8.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode:A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bit is cleared to 0 in the system control register (SYSCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Software Standby Mode:A transition to software standby mode is made if the SLEEP

instruction is executed while the SSBY bitis setto 1 in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made wheRTB& input
goes low. As in software standby mode, the CPU and clock halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 17, Power-Down State.
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2.9 Basic Operational Timing

2.9.1 Overview

The H8/300H CPU operates according to the system clock (@). The interval from one rise of the
system clock to the next rise is referred to as a “state.” A memory cycle or bus cycle consists of

two or three states. The CPU uses different methods to access on-chip memory, the on-chip

supporting modules, and the external address space. Access to the external address space can be

controlled by the bus controller.

2.9.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin

states.
‘ Bus cycle :
j!* T, state %Tz state —»:
Internal address bus >< Addlress ><
Internal read signal _—\ /_
menadaabis ) (" Rearsm )
Internal write signal \ /
reaen ™ wiesa —
Figure 2-15 On-Chip Memory Access Cycle
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Address bus >< Add‘ress ><

High imbedance

D7 to DO

Figure 2-16 Pin States during On-Chip Memory Access

2.9.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide,
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module
access timing. Figure 2-18 indicates the pin states.

! Bus cycle !

~— Ty state —»=—Tstate —»=— Ty state —»

Internal data bus

Internal address bus 1>< Address X
Internal read signal ! \ / !
Read ! : : !
access | data b | ! ! !
Internal data bus :>_< Read data :
Internal write signal ! \ | /
Write ! ! ; i
access ‘ ‘ ! ‘

Figure 2-17 Access Cycle for On-Chip Supporting Modules
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Address bus >< Address X
AS, RD, WR — : 3

! High ! |

High impedance !
D5 to D | ‘ 3

Figure 2-18 Pin States during Access to On-Chip Supporting Modules

2.9.4 Access to External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area accessed in two or three states. For details see section 6, Bus
Controller.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8/3022 Series has five operating modes (modes 1, 3, 5 to7) that are selected by the mode
pins (MD, and MD)) as indicated in table 3-1. The input at these pins determines expanded mode
or single-chip mode.

Table 3-1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus ~ On-Chip On-Chip
Mode MD, MD; MD, Address Space Mode*? ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled*!
Mode 2 0 1 0 — — — —
Mode 3 0 1 1 Expanded mode 8 bits Disabled Enabled**
Mode 4 1 0 0 — — — —
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled**
Mode 6 1 1 0 Expanded mode 8 bits Enabled Enabled**
Mode 7 1 1 1 Single-chip advanced mode — Enabled Enabled*?

Notes: 1. If the RAM enable bit (RAME) in the system control register (SYSCR) is cleared to 0,
these addresses become external addresses.

2. In mode 7, clearing bit RAME in SYSCR to 0 and reading the on-chip RAM always
return H'FF, and write access is ignored. For details, see section 14.3, Operation.

For the address space size there are two choices: 1 Mbyte, or 16 Mbytes.

Modes 1 and 3 are on-chip ROM disable expanded modes capable of accessing external memory
and peripheral devices.

Mode 1 supports a maximum address space of 1 Mbyte. Mode 3 supports a maximum address
space of 16 Mbytes.

Modes 5 and 6 are externally expanded mode that enables access to external memory and
peripheral devices and also enables access to the on-chip ROM. Mode 5 supports a maximum
address space of 1 Mbyte.

Mode 6 supports a maximum address space of 16 Mbyte.
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Mode 7 is single-chip modes that operate using the on-chip ROM, RAM, and registers. All I/O
ports are available. Mode 7 is an advanced mode with a maximum address space of 1 Mbyte.

The H8/3022 Series can be used only in modes 1, 3, or 5 to 7. The inputs at the mode pins must
select one of these seven modes. The inputs at the mode pins must not be changed during
operation.

3.1.2 Register Configuration

The H8/3022 Series has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, and M0Q), and a system control register (SYSCR). Table 3-2 summarizes these registers.

Table 3-2 Registers

Address * Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8/3022
Series.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: Determined by pins MD, to MDyg.

Bits 7 and 6—ReservedThese bits cannot be modified and are always read as 1.
Bits 5 to 3—ReservedThese bits cannot be modified and are always read as 0.

Bits 2 to 0—Mode Select 2 to 0 (MDSo MDS,): These bits indicate the logic levels at pins
MD, to MD, (the current operating mode). MP® MDS, correspond to Mpto MD,. MDS, and
MDS, are read-only bits. The mode pin (Mid MD,) levels are latched when MDCR is read.
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3.3 System Control Register (SYSCR)

SYSCR is an 8-bit register that controls the operation of the H8/3022 Series.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bit in CCR
as a user bit or an interrupt mask bit

Standby timer select 2t0 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY):Enables transition to software standby mode. (For further
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to STSOJhese bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
least 7 ms at the system clock rate. For further information about waiting time selection, see
section 17.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit6 Bit5 Bit4

STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)
0 0 1 Waiting time = 16,384 states

0 1 0 Waiting time = 32,768 states

0 1 1 Waiting time = 65,536 states

1 0 0 Waiting time = 131,072 states

1 0 1 Waiting time = 1,024 states

1 1 — lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register as a
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the valid edge of the NMI input.

Bit2

NMIEG  Description

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

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

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of tHRES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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3.4 Operating Mode Descriptions

3.4.1 Mode 1

Ports 1, 2, and 5 function as address pins@dA,, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas.

3.4.2 Mode 3

Ports 1, 2, and 5 and part of port A function as address pirte A,, permitting access to a

maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access to
all areas. A to A,; are valid when 0 is written in bits 7 to 5 of the bus release control register
(BRCR). (In this mode 4 is always used for address output.)

3.4.3 Mode 5

Ports 1, 2, and 5 can function as address pijpfoAd,, permitting access to a maximum 1-Mbyte

address space, but following a reset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bits in their data direction registers (P1DDR, P2DDR, and P5DDR) must be set

to 1. The address bus width can be selected freely by setting DDR of ports 1, 2, and 5. The initial
bus mode after a reset is 8 bits, with 8-bit access to all areas.

3.4.4 Mode 6

Ports 1, 2, and 5, and port A (P#® PA,) function as address pins 40 A,, permitting access to a
maximum 16-Mbyte address space, but following a reset these pins, except &oeAnput ports.
To use ports 1, 2, and 5 as address bus pig® A, the corresponding bits in their data direction
registers (P1DDR, P2DDR, and P5DDR) must be set to 1 to select output mgtte AAare
enabled by writing 0 to bits 7 to 5 in the address control register (ADRCR). The address bus
width can be selected freely (excluding)®y setting DDR of ports 1, 2, and 5, and ADRCR.
The initial bus mode after a reset is 8 bits, with 8-bit access to all areas.

3.4.5 Mode 7

This mode is an advanced mode with a 1-Mbyte address space which operates using the on-chip
ROM, RAM, and registers. All I/O ports are available.

Note: The H8/3022 Series cannot be used in mode 2 and 4.
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3.5 Pin Functions in Each Operating Mode

The pin functions of ports 1 to 3, port 5 and port A vary depending on the operating mode. Table
3-3 indicates their functions in each operating mode.

Table 3-3 Pin Functions in Each Mode

Port Model Mode?2 *' Mode 3 Mode 4** Mode 5 Mode 6 Mode 7

Portl A, t0A, — A, to A, — P1,to P12 P1,to P1,*> P1,toP1,

Port2 A,toA, — A, to A, — P2,t0 P2,*> P2,to P2,*> P2,to P2,

Port3 D,toD, — D, to D, — D, to D, D, to D, P3, to P3,

Port5 AytoA, — AL to A, — P5,to P5,*> P5,to P52 P5, to P5,

Port A PA,to PA, — PA,to PA*%, — PA,to PA, PA,toPA,*°, PA,toPA,
A, A,

Notes: 1. H8/3022 Series cannot be used in these modes.

2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

3. Initial state A,, is always an address output pin. PA, to PA, are switched over to A,; to
A,, output by writing 0 in bits 7 to 5 of ADRCR.

3.6 Memory Map in Each Operating Mode

Figure 3-1 shows a memory map of the H8/3022. Figure 3-2 shows a memory map of the

H8/3021. Figure 3-3 shows a memory map of the H8/3020. The address space is divided into eight
areas.

Modes 1, 3, 5, and 6 are the 8-bit bus mode.

The address locations of the on-chip RAM and internal 1/O registers differ between the 1-Mbyte
modes (modes 1, 5, and 7) and 16-Mbyte modes (mode 3 and 6). The address range specifiable by
the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa:16) also differs.
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(second half)

Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H'00000 iy H'000000
Vector area I =5 Vector area
............. = c [
2 |ew
H'O00FF |------------1 L5 |85 | HO000FF |------------1
£ 9|2 b
O 0 | ©
Eglge
531838
HO7FFF | | ¢ °‘i 7‘?7777 HOO7FFF | ]
HIFFFF | .| Area0
H'20000 H1FFFFF | ___|
H3FFFF || Areal | H200000
H'40000
HSFEFF | ... Areaz
H'60000 | External address |  oq 3 H3FFFFF | ___]
H'7FFFF | ___space ___|77"%% H'400000
H'80000
HOFFFF | .| Aread
H'A0000 H'5FFFFF
| Area 5 "e00000 |” " T iTT T
HBFFFF | 1T H'600000 External
H'C0000 Area 6 address
HDFFFF | ___________|75%9%2 space
H'E0000 Area 7 H7FFFFF | 7077
rea H'800000
____________________ ___ |HOFFFFF | ___________|
H'F8000 H'A00000
H'FDFOF 0
H'FDF10 ] & |HBFFFFF| ___ |
On-chip RAM*| o | & | H'C00000
............. i °
H'FFFO0 g |3
H'FFFOF g @ |HDFFFFF| ___________|
HFFF10 [ External & |Zg| HE00000
address £ |3<
= S O
H'FFF1B Space 2 |1=5
HFFF1C S (|28
Ineternal 1/0 = Se
registers 2 HFF8000 |~~~
HFFFFF | vy~ __ ¥ __
H'FFDFOF
H'FFDF10
On-chip RAM*
HFFFFOO (77777777777
H'FFFFOF
H'FFFF10 External
address
H'FFFF1B Sspace
H'FFFF1C
Internal 1/O
registers
H'FFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.
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Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

Mode 6

(16-Mbyte expanded mode with
on-chip ROM enabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FDFOF
H'FDF10

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area 8 =
------------- 3 8
= a—
T |eB
------------- 2 |3£
o | 2w
On-chpROM | E 2 |= ¢
23 |&3
© © — @
Area 0
Area 1
Area 2
“External address | arona
. _space __|Areas
Area 4
Area 5
Area 6
Area 7
%]
[0}
. 9]
On-chip RAM* 2 g
............. J—/1 o
%] =]
o &
o Q
3 2
External s |2
address 2 2<c
=1 Q5
space S S
[0} =0
g 8¢
Internal I/O = Se
registers a2

H'000000

H'0000FF

H'007FFF

H'03FFFF
H'040000
H'1FFFFF
H200000
H'3FFFFF
H'400000
H'5SFFFFF
H'600000
H7FFFFF
H'800000
H'OFFFFF
H'A00000
H'BFFFFF
H'C00000
H'DFFFFF
H'E00000

H'FFDFOF
HFFDF10

HFFFFO0
HFFFFOF
HFFFF10

HFFFF1B
HFFFFLC

HFFFFFF

Vector area 8 =
------------- 3 8
= 4
T e
------------- 2 |3£
o | 2w
On-chpROM | E 2 |= 3
23 |83
© © — @©
Area 0
Area 1
Area 2
“External address | arona
. _space __|Areas
Area 4
Area 5
Area 6
Area 7
%]
[0}

. 0
On-chip RAM* @ g
............. J—71 o

%] =]

® ©

° Q

3 £
External s |2
address = 2<c
=1 Q5
space S 8 c
[0} =0
| |23
Internal I/O = Se

registers =

H'00000

H'000FF

H'O7FFF

H'3FFFF

H'F8000

H'FDF10

H'FFF00
H'FFFOF

HFFF1C

Mode 7
(single-chip advanced mode)
Vector area s -
""""""" i g
> |22
""""""" -5 SE
EB|2Q
. R R
OnchipROM | E 3 |28
53 235
ER =]
[%]
[0}
) 9]
On-chip RAM 0 3
_____________ % |s
%] =]
@ &
o (4}
3 |Ee
b o
g |g<
=2 < O
2 |=6
g2 29
Internal I/O = Se
registers Y

HFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure 3-1 HB8/3022 Memory Map in Each Operating Mode (2)
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H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FDFOF
H'FDF10

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
H'FFF1C

H'FFFFF

Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
D S H'000000 DR S
Vector area g £ Vector area 8 £
............. = =y e e e == ] = <
2 |eB 2 |gE
_____________ AAEN ERS. IR I AN =S
gg §§ H'0000FF ES §§
on | ® P 9| g
Eg |58 EQ |52
= ‘.5 T O = _‘5 T O
2351978 2353873
I I © @y T|HOO7FFF | __ ] ¢ ©cy
Area 0 Area 0
"""""""""""" H'1FFFFF
______________ Areal | H200000
Area 2 Area 1
“External address | nona H3FFFFF | | .
___space___| A3 H400000
Area 4 Area 2
"""""""""""" H'5FFFFF
Area 5 w0000 |TTT Tt
_______________________ H'600000 External
Area 6 address Area 3
""""""" Aeas | |HTEFEER|SPace )
rea H'800000
Area 4
____________________ ___ |HOFFFFF | ______ L _________
H'A00000
" Area 5
b HBFFFFF | __ | _________
On-chip RAM* 9 @ H'C00000
""""""" T3 § Area 6
= HDFFFFF | L .
3 | £ .| HE00000
External g 5
address = % 5 Area 7
space ° Sc
Internal I/O = Qe |l
registers 2 H'FF8000
”””” H'FFDFOF ?
H'FFDF10 X " 1]
On-chip RAM @ @
_____________ % B
H'FFFFO0 2 g
H'FFFFOF T e
HFFFF10 External @ 2 %
address £ &<
. space S © 2
H'FFFF1B @ =206
H'FFFF1C 3 |o8
Internal /0 = p=pC2
registers 2
HFFFFFF [ |y~ v

Note: * External addresses can be accessed by disabling on-chip RAM.
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Mode 5 Mode 6 Mode 7
(1-Mbyte expanded mode with (16-Mbyte expanded mode with single-chi :d\?anced mode
on-chip ROM enabled) on-chip ROM enabled) (sing P )
H'00000 I ey " — | H'000000 I ey —| H'00000 iy S =
Vector area g E Vector area g E Vector area g E
""""""" 2 |g¢ B IR ) N IR )
H'000FF |------------1 - é o | 8 §|HO00OFF |--=om-o-o - é o | B 8| HOOOFF |------------1 - § . |28
o |'® g o |'® g o |'® 9
. 221=29 . E 21l=z0 . OEJ 21l=0
OnchpROM | E o |25 OnchipROM | E 8|23 On-chipROM | E g |23
53|48 2|43 38,°°
HO7FFF | ] ° © Sy  |HOO7TFFF | _____ | - ©®SyY  IHO7FFFE | " ©%y
HIFFFE | | Areal | yoorrrr
H'20000 H'030000 1
H'2FEEF Area 1 wosrrrr | Reserved H'2EFEE
H'30000 1 H'040000
H3FFFF | Reseved ™ | HiFFFFF || Area0
H'40000 H'200000
e | Areaz  lnaeerer || Areal
H'60000 | External address H'400000
H'7FFFF |____space ___| Areas  wserrrr || Areaz
H'80000 H'600000 | External address
HOFFFF | ____._._] Aread wrrrerr | _space | Areas
H'A0000 H'800000
HBFFFE| .| Areas  norrrrr || Aread
H'C0000 H'A00000
HDFFFE| .| Area®  lnerrrrR| ..l Areas
H'E0000 H'C00000
Area 7 HDFFFFF | ___________| Areab
H'E00000 Area 7
HEgOOO [~~~ """""""T "%+ | [ttty T HF8000 --------"""""""""""7 -
H'FDFOF H'FFDFOF
¥ H'FDF10
%] " [%]
H'FDF10 ] g |HFFDF10 ] g On-chip RAM g
On-chip RAM™? o On-chip RAM™? o 2
. o @ o . o
_____________ 9 |Z |HFFFFOO | . 1..% |3 D I T
H'FEFO0 g |5 § |g |HFFF0O $ o
H'FFFOF g 5 o | HFFFFOF 1—53 5 | H'FFFOF g So
H'FFF10 External ® Q 8 |HFFFF10 External @ g ] gs
address g g2 z address % g z g g g
H'FFF1B space S |5 8|HrrrriB space S |58 ° |58
H'FFF1C S |Q 8 |HFFFFIC € |9 8|HFFFIC CEERS
Internal /0 = Internal 1/0 = Internal 110 =
registers =2 registers =2 registers =2
HFFFFF|__ | v® v HFFFFFF | |y ¥y HFFFFF| |y ™" v
Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
Figure 3-2 HB8/3021 Memory Map in Each Operating Mode (2)
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Mode 1 Mode 3
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H'00000 ----4 ~=|H000000 RRr S =
Vector area g = Vector area g T
""""""" T |eB Tl 2 |eE
T 2 E T 2 £
HO0OFF |------=-----1 -8 . | B g|HO000FF |------------1 -5 18¢
58|58 §g1c¢
eEa |58 EQ |29
=9 =] =9 T O
£35|9% 23 |87
HO7TFFF | | = ® Sy |HOO7TFFF | | ¢ b Sy
HIFFFE | | Areald Area 0
H'20000 HiFFFFF | |
HaFFFF || Areal 111200000
H'40000
HSFFFF || Areaz Area 1
H'60000 | External address | praq 3 H3FFFFF | |
H'7FFFF | ___space ___|7f®a<s H'400000
H'80000
HOFFFF | | Aread Area 2
H'A0000 H'5FFFFF
f Area 5 1702 Ya Vo Ve e T uuheiutntinteieiiieiitiy It
H'BFFFF _______________________ H'600000 External
Egg('):('):('): Area 6 address Area 3
HEO0O0O || 77T T H7FFFFF Space |
Area7  |genpnnn T
H'800000
Area 4
HFE8000 [~~~ """"""""1T-""""1 "~ H:9FFFFF _______________________
H'FDFOF H'A00000
H'FDF10 1
HEEFOE Reserved 2 ' Area 5
H'FEF10 ] . G |HBFFFFE) )
On-chip RAM™ @ g | Hco0000
HFFFO0 | ™77 TE OB | Area 6
H'FFFOF 5 |g |HDFFFERL 1
HFFF10 External ® |22 H'E00000
address £ |18< Area 7
H'FFF1B space 2 |SE
H'FFF1C £ |23
Internal 1/O = |S@|HFF8000 [~ T
registers = H'FFDFOF
HFFFFF [~ vy H'FFDF10 1
HFFEFOF | Reserved 0
H'FFEF10 . @
On-chip RAM™2| 8
_____________ % |z
H'FFFF00 2 g
H'FFFFOF T e
HFFFF10 External @ 2 %
address 2 |2<c
= < O
H'FFFF1B space 3 |=5
H'FFFF1C 3 |o8
Internal 1/0 = =
registers 2
HFFFFFF |~ |¢y%® v

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
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Mode 5 Mode 6 Mode 7
(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Od € d mod
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 I ey " = | H'000000 I ey —| H'00000 iy S =
Vector area g E Vector area g E Vector area g E
""""""" 2 |e8 T E e B = R
5 S I S I =2
H'000FF [-=-=-==-=-="-1 5 | 8 8| HO00OFF [-=----------1 -5 | 8 8|HO00FF [------------1 5. 183
53(c8 53(c8 §3(c8
= o = 0 = o
OnchpROM | E o |25 OnchpROM | E 9 |23 OnchpROM | Ego |85
535|873 535 |8% 535|873
HO7TFFF| ] ¢ © Sy |HOOTFFF | __ |- ©®8y  |HO7FFF | _______ ] ° ©%y
H'1FFFF Areald | orrrre H'1FFFF
H'20000 | Areat H'020000 )
Reserved™* Reserved™*
H3FFFF| | H'03FFFF
H'40000 H'040000
e Areaz larerer| | Area0
H'60000 | External address H'200000
H7FFFF| ___space __| Areas warerrr| .| Areal
H'80000 H'400000
HOFFFF| .| Aread  errrrr| .| Areaz
H'A0000 H'600000 | External address
HBFFFF|___________| AreaS | \i7rrerr| ___space | Area3
H'C0000 H'800000
HDFFFF|. .| Area®  lhorrrRF| ...l Aread
H'E0000 H'A00000
Area 7 HBFFFFF|.___________| Area5
H'C00000
HDFFFFF|.___________| Areab
H'E00000 Area 7
HESOOO| """ """ """T v | [Tttty T H'F8000 --------"-"--"-""""9 -
H'FDFOF H'FFDFOF
H'FDF10 ry H'FFDF10 T}
HFEFOF |_Reserved g | wereror | Reserved 9 ' "
H'FEF10 i 2 @ | HFFEF10 ) v % |HFEF10 . @
On-chip RAM @ 3 On-chip RAM 9 3 On-chip RAM @ o
5 | HFFFF0O 5 =
HFFFOO [~ 7777777 g g | [T T8 |8 |wrrroo [T g |8
H'FFFOF g @ | HFFFFOF 1—53 @ |HFFFOF g @
HFFF10 | External @ | 2E|HFFFFI0 | Eyternal s |2E c |2=
address L |2 < address 2 |2 = L |3 <
H'FFF1B Space S | ZS|Hrrrris Space s |Zg 5 |Zg
H'FFF1C ] | & o|HFFFFIC ] | & 8|HFFFIC 8 |28
Internal /0 = 2 Internal /0 = =03 Internal 110 = Se
registers =2 registers =2 registers 2
HFFFFF|__ ~ |y v HFFFFFF| |y~ ¥ HFFFFF| |y ™ v
Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.
Figure 3-3 H8/3020 Memory Map in Each Operating Mode (2)
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4-1 indicates, exception handling may be caused by a reset, 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 priority order. Trap instruction exceptions are
accepted at all times in the program execution state.

Table 4-1 Exception Types and Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
RES pin
Interrupt Interrupt requests are handled when execution of the
current instruction or handling of the current exception is
completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TRAPA)

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. The CCR interrupt mask bit is set to 1.

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

For a reset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to
different exception sources. Table 4-2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQg, IRQ 4, IRQy, IRQ5
Exception
sources . Interrupts
Internal interrupts: 25 interrupts from on-chip
« Trap instruction supporting modules

Figure 4-1 Exception Sources
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Table 4-2 Exception Vector Table

Exception Source

Vector Number

Vector Address **

Normal Mode

Advanced Mode

Reset 0 H'0000 to H'0001 H'0000 to H'0003

Reserved for system use 1 H'0002 to H'0003 H'0004 to H'0007

2 H'0004 to H'0005 H'0008 to H'000B

3 H'0006 to H'0007 H'000C to H'0O00F

4 H'0008 to H'0009 H'0010 to H'0013

5 H'000A to H'000B H'0014 to H'0017

6 H'000C to H'000D H'0018 to H'001B

External interrupt (NMI) 7 H'000E to H'000F H'001C to H'001F

Trap instruction (4 sources) 8 H'0010 to H'0011 H'0020 to H'0023

9 H'0012 to H'0013 H'0024 to H'0027

10 H'0014 to H'0015 H'0028 to H'002B

11 H'0016 to H'0017 H'002C to H'002F

External interrupt IRQ, 12 H'0018 to H'0019 H'0030 to H'0033

IRQ, 13 H'001A to H'001B H'0034 to H'0037

Reserved for system use 14 H'001C to H'001D H'0038 to H'003B

15 H'0O01E to H'001F H'003C to H'003F

External interupt IRQ, 16 H'0020 to H'0021 H'0040 to H'0043

IRQ; 17 H'0022 to H'0023 H'0044 to H'0047

Reserved for system use 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F

Internal interrupts*? 20 H'0028 to H'0029 H'0050 to H'0053
to to to

60 H'0078 to H'0079 H'00FO0 to H'O0OF3

Notes: 1. Lower 16 bits of the address.

2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

4.2.1 Overview

A reset is the highest-priority exception. WhenR&S pin goes low, all processing halts and the
H8/3022 Series enters the reset state. A reset initializes the internal state of the CPU and the
registers of the on-chip supporting modules. Reset exception handling begins WRER tiie
changes from low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 10,
Watchdog Timer.

4.2.2 Reset Sequence
The H8/3022 Series enters the reset state wheRERgin goes low.

To ensure that the chip is reset, holdRi&S pin low for at least 20 ms at power-up. To reset the
chip during operation, hold ttRES pin low for at least 10 system clock (@) cycles. When using

the flash memory version, hold at "Low" level for a least 1usec. See appendix D.2, Pin States at

Reset, for the states of the pins in the reset state.

When theRES pin goes high after being held low for the necessary time, the H8/3022 Series chip

starts reset exception handling as follows.

» The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bit is set to 1 in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode) are read, and

program execution starts from the address indicated in the vector address.

Figure 4-2 shows the reset sequence in modes 5 and 7.
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Figure 4-2 Reset Sequence (Modes 5 and 7)
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4.2.3 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. The first instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV.L #xx:32, SP).

4.3 Interrupts

Interrupt exception handling can be requested by five external sources (NMIJRRE IRQ,,
IRQs) and 25 internal sources in the on-chip supporting modules. Figure 4-3 classifies the interrupt
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
integrated timer unit (ITU), serial communication interface (SCI), and A/D converter. Each
interrupt source has a separate vector address.

NMI is the highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts
P { IRQy, IRQ, , IRQ,, IRQ; (4)

Interrupts
WDT* (1)
ITU (15)
Internal interrupts | SCI (8)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates
an interrupt request at every counter overflow.

Figure 4-3 Interrupt Sources and Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SYSCR), the exception handling sequence sets the | bit to 1
in CCR. If the UE bit is 0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a

start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4-4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR

SP-3 SP+1 PCE

SP-2 SP+2 PCh

SP-1 SP+3 PC_

SP (ER7) ~ SP+4 Even address
———— Stack area ———

\/\\/\

Before exception handling —— After exception handling
Save on stack

Legend

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Saving and restoring of registers must be conducted at even addresses in word-size
or longword-size units.

Figure 4-4 Stack after Completion of Exception Handling (Advanced Mode)
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3022 Series regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save
registers:

PUSHW Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)
Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4-5 shows an example of what
happens when the SP value is odd.

CCR Sp —> R1L H'FFEFA
Sp—> H'FFEFB
PC PC HFFEFC
H'FFEFD
H'FFEFF
sP—>= 0
TRAPA instruction executed MOV. B R1L, @-ER7
—_———
SP set to H'FFEFF Data saved above SP CCR contents lost
Legend

CCR:
PC:
R1L:
SP:

Note:

Condition code register
Program counter
General register R1L
Stack pointer

The diagram illustrates modes 1, 3, 5, 6, and 7.
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features
The interrupt controller has the following features:

 Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and IPRB).

» Three-level masking by the | and Ul bits in the CPU condition code register (CCR)

* Independent vector addresses

All interrupts are independently vectored; the interrupt service routine does not have to identify
the interrupt source.

» Five external interrupt pins

NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQIRQ,, IRQ,, and IRQ, sensing of the falling edge or level sensing
can be selected independently.
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5.1.2 Block Diagram

Figure 5-1 shows a block diagram of the interrupt controller.

CPU

ul

liscR| [IER | | IPRA, IPRB |
NMI N
input o
y \
; - IRQinput -
IRQ input section ISR
Interrupt
OVF .| Priority request
TME decision logic
Vector
j:> > number
ADI : _
ADIE ‘ ?
Interrupt controller ( L
UE
SYSCR
Legend

I: Interrupt mask bit

IER: IRQ enable register

IPRA:  Interrupt priority register A
IPRB: Interrupt priority register B
ISCR: IRQ sense control register

ISR: IRQ status register
SYSCR: System control register
UE: User bit enable

ul: User bit/interrupt mask bit

CCR

Figure 5-1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration

Table 5-1 lists the interrupt pins.

Table 5-1 Interrupt Pins
Name Abbreviation I/0 Function
Nonmaskable interrupt  NMI Input  Nonmaskable interrupt, rising edge or
falling edge selectable
External interrupt IRQ,, IRQ,, Input  Maskable interrupts, falling edge or level
request5, 4,1, and 0 and IRQ, , IRQ, sensing selectable

5.1.4 Register Configuration

Table 5-2 lists the registers of the interrupt controller.

Table 5-2 Interrupt Controller Registers
Address ** Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*? H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCR is initialized to H'OB by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in CCR
as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the NMI input edge.

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input
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5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)
IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.

Interrupt Priority Register A (IPRA): IPRA is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAG‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ IPRAO ‘
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
Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel O interrupt requests

Priority level A3
Selects the priority level of
WDT interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQg
interrupt requests

Reserved bit

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests
IPRA is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IR@nterrupt requests.

Bit7

IPRA7 Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRA6): Selects the priority level of IRQnterrupt requests.

Bit6

IPRAG Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 5—Reserved bit: This bit can be written and read, but it does not affect interrupt priority.

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQand IRQ interrupt
requests.

Bit4

IPRA4 Description

0 IRQ,, IRQ; interrupt requests have priority level O (low priority) (Initial value)
1 IRQ,, IRQ; interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT interrupt requests.

Bit3

IPRA3 Description

0 WDT interrupt requests have priority level O (low priority) (Initial value)
1 WDT interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests.

Bit2

IPRA2 Description

0 ITU channel O interrupt requests have priority level O (low priority)  (Initial value)
1 ITU channel O interrupt requests have priority level 1 (high priority)
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Bit 1—Priority Level A1 (IPRA1): Selects the priority level of ITU channel 1 interrupt requests.

Bitl

IPRA1 Description

0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selects the priority level of ITU channel 2 interrupt requests.

Bit0
IPRAO Description
0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
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

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of SCI
channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit7

IPRB7 Description

0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selects the priority level of ITU channel 4 interrupt requests.

Bit6

IPRB6 Description

0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—ReservedThese bits can be written and read, but it does not affect interrupt
priority.

Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI chanfahterrupt requests.

Bit3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level 0 (low priority)  (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selects the priority level of SCI channel 1 interrupt requests.

Bit2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level 0 (low priority)  (Initial value)
1 SClI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selects the priority level of A/D converter interrupt requests.

Bitl

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved:This bit can be written and read, but it does not affect interrupt priority.
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5.2.3 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status gfIRQ, IRQ,, and IRQ
interrupt requests.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ — ‘ — ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(W)*  R/(W)* — — R/(W)*  R/I(W)*

Reserved bits

Reserved bits

IRQ5 to IRQ, flags IRQ4, IRQ ¢ flags
These bits indicate IRQs and IRQ4 These bits indicates IRQ, and IRQq
interrupt request status interrupt request status

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

ISR is initialized to H'00 by a reset and in hardware standby mode.
Bits 7, 6, 3 and 2—Reservedlhese bits cannot be modified and are always read as 0.

Bits 5, 4, 1 and 0—IRQ, IRQ,, IRQ; and IRQ, Flags (IRQ5F, IRQ4F, IRQ1F, and IRQOF):
These bits indicate the status of IRQRQ,, IRQ, and IRQ interrupt requests.

Bits 5,4, 1, and O
IRQ5F, IRQ4F, IRQ1F,
and IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQnNF flag when IRQnF = 1.

IRQNSC = 0, IRQn input is high, and interrupt exception handling is
carried out.

IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]
IRQNSC = 0 and IRQn input is low.
IRQNSC = 1 and IRQn input changes from high to low.

Note: n=5,4,1and0
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5.2.4 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disablgsIRQ), IRQ,, and IRQ
interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘ 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
Reserved bits Reserved bits

IRQg to IRQ, enable IRQ, to IRQ, enable
These bits enable or disable These bits enable or disable
IRQ5 and IRQ, interrupts IRQ; and IRQq interrupts

IER is initialized to H'00 by a reset and in hardware standby mode.

Bits 7, 6, 3, and 2—ReservedThese bits can be written and read, but they do not enable or
disable interrupts.

Bits 5, 4, 1, and 0—IRQ, IRQ,, IRQ;, and IRQ, Enable (IRQ5E, IRQ4E, IRQ1E, IRQOE):
These bits enable or disable IRQRQ,, IRQ,, IRQ, interrupts.

Bits 5,4, 1, and O
IRQ5E, IRQ4E, IRQ1E,

and IRQOE Description
0 IRQs, IRQ,, IRQ,, IRQ, interrupts are disabled (Initial value)
1 IRQ., IRQ,, IRQ,, IRQ, interrupts are enabled
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5.2.5 IRQ Sense Control Register (ISCR)

ISCR is an 8-bit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pindRQs, IRQ,, IRQ,, andIRQ,

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ — ‘ — ‘ IRQ1SC ‘ IRQOSC ‘
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
Reserved bits Reserved bits

IRQ 5 and IRQ 4 sense control
These bits select level sensing or falling-edge
sensing for IRQs and IRQy interrupts

IRQ,and IRQgsense control
These bits select level sensing or falling-edge
sensing for IRQ; and IRQq interrupts

ISCR is initialized to H'00 by a reset and in hardware standby mode.

Bits 7, 6, 3, and 2—ReservedThese bits are readable/writable and do not affect selection of
level sensing or falling-edge sensing.

Bits 5, 4, 1, and 0—IRQ, IRQ,, IRQ,, and IRQ, Sense Control (IRQ5SC, IRQ4SC, IRQ1SC,
IRQOSC): These bits selects whether interrupts JRQQ,, IRQ,, IRQ, are requested by level
sensing of pingRQs, IRQ,, IRQ,, IRQ, or by falling-edge sensing.

Bits 5,4, 1, and O
IRQ5SC, IRQ4SC,

IRQ1SC, IRQOSC Description

0 Interrupts are requested when IRQ,, IRQ,, IRQ,, IRQ, (Initial value)
inputs are low

1 Interrupts are requested by falling-edge input at IRQ;,
IRQ,, IRQ,, IRQ,
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5.3 Interrupt Sources

The interrupt sources include external interrupts (NMI, JRRQ,, IRQ, and IRQ) and 25
internal interrupts.

5.3.1 External Interrupts

There are five external interrupts: NMI, and IRRQ,, IRQ,, and IRQ. Of these, NMI, IRQ
IRQ,, can be used to exit software standby mode.

NMI: NMlI is the highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bits in CCR. The NMIEG bit in SYSCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQ;, IRQ,, IRQ,, IRQ, Interrupts: These interrupts are requested by input signals aiRps
IRQ,, IRQ,, IRQ,. The IRQ, IRQ,, IRQ,, IRQ, interrupts have the following features.

» ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQs, IRQ,, IRQ,, IRQ,, or by the falling edge.

* |ER settings can enable or disable the JRRQ,, IRQ,, IRQ, interrupts.
Interrupt priority levels can be assigned by three bits in IPRA (IPRA7, IPRAG6, and IPRA4).

* The status of IRQ IRQ,, IRQ,, IRQ, interrupt requests is indicated in ISR. The ISR flags can
be cleared to 0 by software.

Figure 5-2 shows a block diagram of interrupts IRQQ,, IRQ,, IRQ..

IRQNSC IRQNE

l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
] R
IRQn input f
Clear signal
Note: n=5,4,1and 0

Figure 5-2 Block Diagram of Interrupts IRQ;, IRQ,, IRQ,, and IRQ,
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQnF).

IRQnN
input pin

IRQNF

Note: n=5,4,1and 0

Figure 5-3 Timing of Setting of IRQNF

Interrupts IRQ, IRQ,, IRQ,, IRQ,have vector numbers 17, 16, 13, 12. These interrupts are
detected regardless of whether the corresponding pin is set for input or output. When using a pin
for external interrupt input, clear its DDR bit to 0 and do not use the pin for SCI input or output.

5.3.2 Internal Interrupts
Twenty-five internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

» Interrupt priority levels can be assigned in IPRA and IPRB.

5.3.3 Interrupt Vector Table

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order
shown in table 5-3.
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Table 5-3

Interrupt Sources, Vector Addresses, and Priority

Vector Address *

Vector
Interrupt Source Origin Ni(r:n(t))er Normal Mode Advanced Mode IPR Priority
NMI External pins 7 H'000E to H'000F H'001C to H'001F — High
IRQ, 12 H'0018 to H'0019 H'0030 to H'0033 IPRA7 4
IRQ, 13 H'001A to H'001B H'0034 to HO037 IPRA6
Reserved — 14 H'001C to H'001D H'0038 to H'003B —

15 H'001E to H'001F H'003C to H'003F
IRQ, External pins 16 H'0020 to H'0021 H'0040 to H'0043 IPRA4
IRQ, 17 H'0022 to H'0023 H'0044 to H'0047
Reserved — 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F
WOVI (internal timer) ~ Watchdog timer 20 H'0028 to H'0029 H'0050 to H'0053 IPRA3
Reserved — 21 H'002A to H'002B H'0054 to H'0057

22 H'002C to H'002D H'0058 to H'005B

23 H'002E to H'002F H'005C to H'005F
IMIAO (compare match/ 1TU channel O 24 H'0030 to H'0031 H'0060 to H'0063 IPRA2
input capture AQ)
IMIBO (compare match/ 25 H'0032 to H'0033 H'0064 to H'0067
input capture BO)
OVI0 (overflow 0) 26 H'0034 to H'0035 H'0068 to H'006B
Reserved — 27 H'0036 to H'0037 H'006C to H'006F
IMIA1 (compare match/ 1TU channel 1 28 H'0038 to H'0039 H'0070 to H'0073 IPRA1
input capture Al)
IMIB1 (compare match/ 29 H'003A to H'003B H'0074 to H'0077
input capture B1)
OVI1 (overflow 1) 30 H'003C to H'003D H'0078 to H'007B
Reserved — 31 H'003E to H'003F H'007C to H'007F
IMIA2 (compare match/ 1TU channel 2 32 H'0040 to H'0041 H'0080 to H'0083 IPRAO
input capture A2)
IMIB2 (compare match/ 33 H'0042 to H'0043 H'0084 to H'0087
input capture B2)
OVI2 (overflow 2) 34 H'0044 to H'0045 H'0088 to H'008B
Reserved — 35 H'0046 to H'0047 H'008C to H'008F
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Vector Address *

Vi r
Interrupt Source Origin Ni(r:r:?)er Normal Mode Advanced Mode IPR Priority
IMIA3 (compare match/ ITU channel 3 36 H'0048 to H'0049 H'0090 to H'0093 IPRB7 A
input capture A3)
IMIB3 (compare match/ 37 H'004A to H'004B H'0094 to H'0097
input capture B3)
OVI3 (overflow 3) 38 H'004C to H'004D H'0098 to H'009B
Reserved — 39 H'004E to H'004F H'009C to H'009F
IMIA4 (compare match/ ITU channel 4 40 H'0050 to H'0051 H'00AO0 to H'0O0A3 IPRB6
input capture A4)
IMIB4 (compare match/ 41 H'0052 to H'0053 H'00A4 to H'O0A7
input capture B4)
OVI4 (overflow 4) 42 H'0054 to H'0055 H'00A8 to H'00AB
Reserved — 43 H'0056 to H'0057 H'00AC to H'O0AF —
44 H'0058 to H'0059 H'00BO to H'00B3
45 H'005A to H'005B H'00B4 to H'00B7
46 H'005C to H'005D H'00B8 to H'00BB
47 H'005E to H'005F H'00BC to H'00BF
48 H'0060 to H'0061 H'00CO to H'00C3
49 H'0062 to H'0063 H'00C4 to H'00C7
50 H'0064 to H'0065 H'00C8 to H'00CB
51 H'0066 to H'0067 H'00CC to H'00CF
ERIO (receive error 0)  SCI channel 0 52 H'0068 to H'0069 H'00DO to H'00D3 IPRB3
RXIO (receive data full 0) 53 H'006A to H'006B H'00D4 to H'00D7
TXIO (transmit data 54 H'006C to H'006D H'00D8 to H'00DB
empty 0)
TEIO (transmit end 0) 55 H'006E to H'006F H'00DC to H'00DF
ERI1 (receive error 1) SClI channel 1 56 H'0070 to H'0071 H'00EO to H'O0OE3 IPRB2
RXI1 (receive data full 1) 57 H'0072 to H'0073 H'00E4 to H'00E7
TXI1 (transmit data 58 H'0074 to H'0075 H'OOES to H'OOEB
empty 1)
TEI1 (transmit end 1) 59 H'0076 to H'0077 H'0O0EC to H'00EF
ADI (A/D end) A/D 60 H'0078 to H'0079 H'O0FO0 to H'OOF3 IPRB1 Low
Note: * Lower 16 bits of the address.
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5.4 Interrupt Operation

5.4.1 Interrupt Handling Process

The H8/3022 Series handles interrupts differently depending on the setting of the UE bit. When
UE =1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
are ignored when the enable bits are cleared to 0.

Table 5-4 UE, I, and Ul Bit Settings and Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have
higher priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have

higher priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ, IRQ,, IRQ,, and IRQ and interrupts from the on-chip supporting

modules can all be masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit is
set to 1, and unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher
priority. Figure 5-4 is a flowchart showing how interrupts are accepted when UE = 1.
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Program execution state
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No
Interrupt requested?

R

No
1=0
_| Yes

Y
| Save PC and CCR |
Y
| -1 |
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| Read vector address |
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Branch to interrupt
service routine

Figure 5-4 Process Up to Interrupt Acceptance when UE = 1
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If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

The interrupt controller checks the | bit. If the | bit is cleared to 0, the selected interrupt request
is accepted. If the | bit is set to 1, only NMI is accepted; other interrupt requests are held
pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

Next the | bit is set to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE = 0: The | and Ul bits in the CPU’s CCR and the IPR bits enable three-level maskingnf IRQ
IRQ,, IRQ,, and IRQ interrupts and interrupts from the on-chip supporting modules.
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Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to O.

For example, if the interrupt enable bits of all interrupt requests are setto 1, IPRA is set to
H'10, and IPRB is set to H'00 (giving IR@nd IRQ interrupt requests priority over other
interrupts), interrupts are masked as follows:

a. If1=0, all interrupts are unmasked (priority order: NMI > |RQRQ; >IRQ, ...).
b. IfI=1and Ul =0, only NMI, IRQ and IRQ are unmasked.
c. IfI=1and Ul =1, all interrupts are masked except NMI.

Figure 5-5 shows the transitions among the above states.
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<0
a. All interrupts are - <1 Ul -0 b. Only NMI, IRQy, and
unmasked ! - IRQ5 are unmasked

Exception handling,
orl <1,Ul <1

ul<o0
Exception handling,
oruUl <1

c. Allinterrupts are
masked except NMI

Figure 5-5 Interrupt Masking State Transitions (Example)
Figure 5-6 is a flowchart showing how interrupts are accepted when UE = 0.

« If an interrupt condition occurs and the corresponding interrupt enable bit is setto 1, an
interrupt request is sent to the interrupt controller.

» When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5-3.

» The interrupt controller checks the | bit. If the | bit is cleared to 0, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the | bit is set to 1 and
the Ul bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, only
NMI is accepted; all other interrupt requests are held pending.

»  When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

» Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

* Thel and Ul bits are setto 1 in CCR, masking all interrupts except NMI.

» The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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5.4.2 Interrupt Sequence

Figure 5-7 shows the interrupt sequence in mode 5 when the program code and stack are in an on-

chip memory area.
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Interrupt Sequence (Mode 5, Stack in On-Chip Memory)

Figure 5-7
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5.4.3 Interrupt Response Time

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table 5-5 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus
No. Iltem Memory 2 States 3 States
1 Interrupt priority decision 2*1 2%1 2*1
2 Maximum number of states 1t023 1to27 1to 31**
until end of current instruction
3 Saving PC and CCR to stack 4 8 12%4
4 Vector fetch 4 8 12**
5 Instruction prefetch*? 4 8 12%*
6 Internal processing*? 4 4 4
Total 19t0 41 31to 57 43t0 73

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.

3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.

100
HITACHI



5.5 Usage Notes

5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs while a BCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored.
This also applies to the clearing of an interrupt flag.

Figure 5-8 shows an example in which an IMIEA bit is cleared to 0 in the ITU’s TIER.

, TIER write cycle by CPU IMIA exception handling

Internal | |
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt
signal

Figure 5-8 Contention between Interrupt and Interrupt-Disabling Instruction

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag is cleared to 0.
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5.5.2 Instructions that Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

5.5.3 Interrupts during EEPMOQV Instruction Execution

The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV.B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
a transfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution:

L1: EEPMOV.W
MOV.W R4, R4
BNE L1

5.5.4 Usage Notes

The IRQNF flag specification calls for the flag to be cleared by writing O to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing O to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. This will occur when the following conditions are met.

1 Setting conditions

(1) Multiple external interrupts (IRQa, IRQb) are being used.

(2) Different clearing methods are being used: clearing by writing O for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

(3) A bit-manipulation instruction is used on the IRQ status register for clearing the IRQaF flag, or
else ISR is read as a byte unit, the IRQaF flag bit is cleared, and the values read in the other
bits are written as a byte unit.
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2 Generation conditions

(1) A read of the ISR register is executed to clear the IRQaF flag while it is set to 1, then the
IRQbF flag is cleared by the execution of interrupt exception handling.

(2) When the IRQaF flag is cleared, there is contention with IRQb generation (IRQaF flag setting).
(IRQbF was 0 when ISR was read to clear the IRQaF flag, but IRQbF is set to 1 before ISR is
written to.)

If the above setting conditions (1) to (3) and generation conditions (1) and (3)are all fulfilled,
when the ISR write in generation condition (2) is performed the IRQbF flag will be cleared
inadvertently, and interrupt exception handling will not be executed.

However, this inadvertent clearing of the IRQbF flag will not occur if O is written to this flag even
once between generation conditions (1) and (2).

IRQaF »
T T “ T T
1 read O written 1 read O written
IRQbF , r

NeR | 1

lread 1 IRQb lread O
written executed written

(Inadvertent clearing)

‘ Generation condition (1) Generation condition (2)

Figure 5-9 IRQnF Flag when Interrupt Exception Handling is not Executed

Either of the methods shown following should be used to prevent this problem.
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Method 1

When clearing the IRQaF flag, read ISR as a byte unit instead of using a bit-manipulation
instruction, and write a byte value that clears the IRQaF flag to 0 and sets the other bits to 1.

Example: Whena =0

MOV.B @ISR, ROL
MOV.B #HFE, ROL
MOV.B ROL, @ISR

Method 2

Perform dummy processing within the IRQb interrupt exception handling routine to clear the
IRQbF flag.

Example: When b =1

IRQB MOV.B #HFD, ROL
MOV.B ROL, @ISR
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Section 6 Bus Controller

6.1 Overview

The H8/3022 Series has an on-chip bus controller that divides the external address space into eight
areas and can assign different bus specifications to each. This enables different types of memory to
be connected easily.

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 0 to 7
0 128-kbyte areas in 1-Mbyte mode.
0 2-Mbyte areas in 16-Mbyte mode.
0 Areas can be designated for two-state or three-state access.
» Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
0 Zero to three wait states can be inserted automatically.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

ASTCR
Internal WCER JE—
address bus Area —
I decoder [——— Fooee Internal signals ----- !
Bus control ™ fAccess state control signal;
circuit o = | Wait request signal 1
g L ,,,,,,,,,,,,,,,,,,,,,,,, I
8
[
=]
®
£
e
£
WAIT Wait-state
controller
WCR
Legend

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR: Wait control register

Figure 6-1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6-1 summarizes the bus controller’s input/output pins.

Table 6-1 Bus Controller Pins

Name Abbreviation 1/0 Function

Address strobe  AS Output  Strobe signal indicating valid address output on
the address bus

Read RD Output  Strobe signal indicating reading from the
external address space

Write WR Output  Strobe signal indicating writing to the external
address space, with valid data on the data
bus(D7 to DO)

Wait WAIT Input Wait request signal for access to external three-
state-access areas

6.1.4 Register Configuration

Table 6-2 summarizes the bus controller’s registers.

Table 6-2 Bus Controller Registers

Address * Name Abbreviation R/W  Initial Value
H'FFED Access state control register ASTCR R/W  HFF
H'FFEE Wait control register WCR R/W  HF3
H'FFEF Wait state controller enable register ~ WCER R/W  HFF
H'FFF3 Address control register ADRCR R/W  HFE

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

6.2.1 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two
states or three states.

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

Bits selecting number of states for access to each area

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO)hese bits select whether the
corresponding area is accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
registers are accessed in a fixed number of states that does not depend on ASTCR settings.
Therefore, in the single-chip mode (mode 7), the set value is meaningless.
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6.2.2 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCR is initialized to H'F3 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—ReservedThese bits cannot be modified and are always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0)fhese bits select the wait mode.

Bit3 Bit2

WMS1  WMSO0 Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1/0)These bits select the number of wait states inserted
in access to external three-state-access areas.

Bitl Bit0O
WC1 WCO Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
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

Wait state controller enable 7 to O
These bits enable or disable wait-state control

WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEOQ)These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7to 0

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

WCER enables or disables wait-state control of external three-state-access areas. Therefore, in the
single-chip mode (mode 7), the set value is meaningless.
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6.2.4 Address Control Register (ADRCR)

ADRCR is an 8-bit readable/writable register that enables address output on bus lines A23 to A21.

Bit 7 6 5 4 3 2 1 0
A | ApE [ AnE | — | — | — [ — [ — |
Modes Initial value 1 1 1 1 1 1 1 0
land5t07 | Read/Write — — — — — — — RIW
Initial value 1 1 1 1 1 1 1 0
Mode 3
Read/Write R/IW R/W R/W — — — — R/W
Address 23 to 21 enable Reserved bits

These bits enable PAg to
PA, to be used for A,z to
A,q address output

ADRCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Address 23 Enable (AsE): Enables PAto be used as the,/address output pin. Writing
0 in this bit enables Aaddress output from BAIn modes other than 3 and 6 this bit cannot be

modified and PAhas its ordinary input/output functions

it7
»E Description

PA, is the A,; address output pin
PA, is the PA,/TP,/TIOCA, input/output pin (Initial value)

Rlol> W

Bit 6—Address 22 Enable (AE): Enables PAto be used as the,faddress output pin. Writing
0 in this bit enables Aaddress output from RAIn modes other than 3 and 6 this bit cannot be

modified and PAhas its ordinary input/output functions.

Bit 6
ALE Description
0 PA, is the A,, address output pin
1 PA, is the PA,/TP,/TIOCB, input/output pin (Initial value)
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Bit 5—Address 21 Enable (AE): Enables PAto be used as the,faddress output pin. Writing
0 in this bit enables Aaddress output from RAIn modes other than 3 and 6 this bit cannot be
modified and PAhas its ordinary input/output functions.

its

»E Description

PA;is the A,, address output pin
PA; is the PA(/TP/TIOCA, input/output pin (Initial value)

R | OoO|l> W

Bits 4 to 0—Reserved
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6.3 Operation

6.3.1 Area Division

The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the
1-Mbyte mode and 2 Mbytes in the 16-Mbyte mode. Figure 6-2 shows a general view of the
memory map.

H'00000 H'000000 H'00000 . H'000000 .
On-chip ROM™* On-chip ROM™*
Area 0 (128 kbytes) Area 0 (2 Mbytes) Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF H'1FFFF H'1FFFFF
H'20000 H'200000 H'20000 H'200000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF H'3FFFF H'3FFFFF
H'40000 H'400000 H'40000 H'400000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'SFFFF H'SFFFFF H'SFFFF H'SFFFFF
H'60000 H'600000 H'60000 H'600000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7FFFFF H'7FFFF H'7FFFFF
H'80000 H'800000 H'80000 H'800000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) Area 4 (2 Mbytes)
H'OFFFF H'OFFFFF H'OFFFF H'OFFFFF
H'A0000 H'A00000 H'A0000 H'A00000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF H'BFFFF H'BFFFFF
H'C0000 H'C00000 H'C0000 H'C00000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF H'DFFFF H'DFFFFF
H'EO000 | Area 7 (128 kbytes) | 'EC0000 | Area 7 (2 Mbytes) | TEO000 [ Area 7 (128 kbytes) | H'EC0000 | Area 7 (2 Mbytes)
On-chip RAM™"2 On-chip RAM™"2 On-chip RAM™"2 On-chip RAM™"2
External | External | External | External |
address space™ address space”® address space™® address space”®
On-chip On-chip | On-chip | On-chip |
H'FFFFF | /O registers™® |H'FFFFFF| /O registers™™ |HFFFFF| /O registers’™> | H'FFFFFF| 1/O registers'
a.1-Mbyte modes with b. 16-Mbyte modes with c. 1-Mbyte mode with d. 16-Mbyte modes
on-chip ROM disabled on-chip ROM disabled on-chip ROM enabled (mode 6)
(mode 1) (mode 3) (mode 5)
Notes:  There is no area division in mode 7.
1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fixed.
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.
3. This area follows area 7 specifications.

Figure 6-2 Access Area Map (Mode 1, 3, and 5)
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The bus specifications for each area can be selected in ASTCR, WCER, and WCR as shown in
table 6-3.

Table 6-3 Bus Specifications

ASTCR WCER WCR Bus Specifications

Bus Access
ASTn WCEnN WMS1 WMSO0 Width  States Wait Mode

0 — — — 2 Disabled

1 0 — — Pin wait mode O

Programmable wait mode
Disabled

Pin wait mode 1

0| 00|00 | 0| 00|00
WIW wl w| w

Pin auto-wait mode

Note: n=0to7

114
HITACHI



6.3.2 Bus Control Signal Timing

8-Bit, Three-State-Access Areadrigure 6-3 shows the timing of bus control signals for an 8-bit,
three-state-access area. Wait states can be inserted.

- Bus cycle
T : T, : T,
]
Address bus >< External addressi ><
AS 3
RD !
Read
access ! ! |
D7 to DO 3 3 3 Valid
WR
Write
access ! i
D7 to DO T Valid

Figure 6-3 Bus Control Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access AreasFigure 6-4 shows the timing of bus control signals for an 8-bit,
two-state-access area. Wait states cannot be inserted.

e Bus cycle
T T2
o
Address bus >< External address ><
AS : 1 !
RD 1 1 i
Read 1 1 1
access
D7 to Do : : valid 3
WR ! : |
Write |
access ! 1 \
Dy to Dg ; I Valid !

Figure 6-4 Bus Control Signal Timing for 8-Bit, Two-State-Access Area
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6.3.3 Wait Modes
Four wait modes can be selected for each area as shown in table 6-4.

Table 6-4 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEnBit WMS1Bit WMSO0Bit WSC Control  Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait
mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
Enabled Pin auto-wait mode

Note: n=0to 7

The ASTn and WCER bits can be set independently for each area. Bits WMS1 and WMSO0 apply
to all areas. All areas for which WSC control is enabled operate in the same wait mode.
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Pin Wait Mode 0: The wait state controller is disabled. Wait states can only be inser¥&é by
pin control. During access to an external three-state-access aredyikifigin is low at the fall
of the system clock (@) in the $tate, a wait state () is inserted. If th@8VAIT pin remains low,
wait states continue to be inserted until WAIT signal goes high. Figure 6-5 shows the timing.

Inserted by WAIT signal

‘ T]_ ‘ T2 TW ‘ TW T3 ‘
~ T il \
o I T O R O R O D
WAIT pin \_/ / /_/
Address bus External address ><:
AS ] li
Read RO
access Read data
Data bus
WR
Write
access
Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-5 Pin Wait Mode 0
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Pin Wait Mode 1: In all accesses to external three-state-access areas, the number of wait states
(Ty) selected by bits WC1 and WCO are inserted. IMET pin is low at the fall of the system
clock (@) in the last of these wait states, an additional wait state is insertedWIAtfigpin

remains low, wait states continue to be inserted untiwthdT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6-6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state is inserted BYAIT input.

Inserted by  Inserted by
wait count | WAIT signal

4%@ B T S
—_— L L

WAIT pin

Address bus X External address
AS
RD

Read

access Read data
Data bus

W]

Data bus Write data

Wm

W

Write
access

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-6 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pin is low, the number of wait states,(Tselected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if th& AIT pin is low at the fall of the system clock (2) in thestate, the
number of wait states () selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if tH& AIT pin remains low.

Figure 6-7 shows the timing when the wait count is 1.

ﬂJHf*/HHH*H\H

9

WAIT

Address bus X External address External address

X
s ]
]

1r

RD
Read
access Read data Read data
Data bus
w1 I
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-7 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states,(Jlselected by bits WC1 and WCO are
inserted in all accesses to external three-state-access areas. Figure 6-8 shows the timing when the
wait count is 1 (WC1 =0, WCO = 1).

L NP LR
o e

o I N e N
Address bus X External address

s

IR

RD
Read
access Read data
Data bus
WR
Write
access
Data bus Write data %

Figure 6-8 Programmable Wait Mode
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Example of Wait State Control Settings:A reset initializes ASTCR and WCER to H'FF and

WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6-9 shows an example of wait mode settings.

3-state-access area,

Area 0 programmable wait mode =
Area 1 3-state-access area, P
rea programmable wait mode |
Area 2 3-state-access area, _
pin wait mode 0
Area 3 3-state-access area, A
pin wait mode 0
2-state-access area,
Area 4 -

no wait states inserted

2-state-access area,
Area 5 -

no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt 7 6 5 4 3 2 1 0
ASTCR HOF: | 0 | o | o | o | 1| 1] 1] 1|

WCER H33: | 0 [ o | 1 | 1 [ o] o] 1] 1|

WerR HF: | — [ — | — | —J ol o]1]1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure 6-9 Wait Mode Settings (Example)
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6.3.4 Interconnections with Memory (Example)

For each area, the bus controller can select two- or three-state access. In three-state-access areas,
wait states can be inserted in a variety of modes, simplifying the connection of both high-speed
and low-speed devices.

Figure 6-10 shows a memory map for this example.

A 32-kwordx 8-bit EPROM is connected to area 2. This device is accessed in three states via an
8-bit bus.

Two 32-kwordx 8-bit SRAM devices (SRAM1 and SRAM2) are connected to area 3. These
devices are accessed in two states via an 8-bit bus.

One 32-kwordx 8-bit SRAM (SRAM3) is connected to area 7. This device is accessed via an 8-bit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.
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H'00000

H'1FEFE On-chip ROM }Area 0

H'20000 [~ T

H'3FFFF JArea1

H'40000

H47FFF EPROM Area 2

H'48000 8-bit, three-state-access area
Not used

H'SFFFF

H'60000
SRAM1, 2

H'6FFFF Area 3

H'70000 8-bit, two-state-access area
Not used

H'7FFFF

/N Areas 4,5, 6

H'E0000
SRAM3

H'E7FFF Area 7
Not used 8-bit, three-state-access area

] (one auto-wait state)
On-chip RAM
H'EEFFE On-chip I/O registers

Note: The bus width and the number of access states of the on-chip memories and /O registers
are fixed; they cannot be changed by register setting.

Figure 6-10 Memory Map (H8/3022 Mode 5)
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6.4 Usage Notes

6.4.1 Register Write Timing

ASTCR and WCER Write Timing: Data written to ASTCR or WCER takes effect starting from
the next bus cycle. Figure 6-11 shows the timing when an instruction fetched from area 2 changes

area 2 from three-state access to two-state access.

Address 3><

>< ASTCR address

3-state access to area 2

' 2-state access
to area 2

Figure 6-11 ASTCR Write Timing

6.4.2 Precautions on setting ASTCR and ABWCR*

Use the H8/3022 Series on-chip program to set ASTCR and ABWCR as shown below, so that the
on-chip ROM access cycle for H8/3022 Series can be emulated using the evaluation chip for

support tools.
Modes 5 and 7

ASTCRO=0
ABWCR = H'FC

The ABWCR (bus width control register; lower 16-bit address: H'FFEC) is not built onto
this LSI. For detailed features of the ABWCR, see the H8/3048 Series, H8/3048F-

ZTAT™ Hardware Manual.

Note:
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Section 7 1/0O Ports

7.1 Overview

The H8/3022 Series has nine input/output ports (ports 1, 2, 3, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 7-1 summarizes the port functions. The pins in each port are multiplexed as
shown in table 7-1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A,
and B can drive one TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6, 8, 9, A, and
B can drive a Darlington pair. Ports 1, 2, 5, and B can drive LEDs (with 5-mA current sink). Pins
P8, P8, PA, to PA,, and PBto PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
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Table 7-1 Port Functions

Port Description Pins Mode 1 I{/Iode 3 Mode 5 Mode 6 Mode 7
Port 1 « 8-bit /O port P1,to P1,/ | Address output Address output (A; to A,) | Generic
« Can drive LEDs A t0 A, pins (A, to A) and generic input input/
DDR =0: output
generic input
DDR = 1:
address output
Port2 | « 8-bit I/O port P2,to P2,/ | Address output pins (A,; | Address output (A5 to Generic
« Input pull-up A to Ag to Ag) Ag) and generic input input/
) DDR =0: output
« Can drive LEDs generic input
DDR =1:
address output
Port 3 « 8-bit I/O port P3, to P3,/ | Data input/output (D, to D) Generic
D, to D, input/
output
Port5 |« 4-bit I/O port P5; to P5,/ | Address output Address output (A4 to Generic
« Input pull-up Agto Ay (A to A Aw) and 4-bit generic input/
input output
« Can drive LEDs DDR = 0:
generic input
DDR =1:
address output
Port6 |« 4-bit 1/O port P6,/WR, Bus control signal output (WR, RD, AS) Generic
P6,/RD, input/
P6./AS output
P6,/WAIT Bus control signal input/output (WAIT) and 1-bit
generic input/output
Port 7 « 8-bit Input P7,t0 P7,/ | Analog input (AN, to AN,) to A/D converter, and generic input
port AN, to AN,
Port8 |« 2-bit I/O port P8,/ IRQ, IRQ, input and 1-bit generic input IRQ, and
- P8, and P8, IRQ, input
have Schmitt .and generic
inputs input/
P8,/IRQ, IRQ, input and 1-bit generic input/output output
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Port Description Pins Mode 1 &Iode 3 I\J(Iode 5 N’ode 6 Mode 7
Port9 |« 6-bit1/O P9,/SCK,/ Input and output (SCK,, SCK,, RxD,, RXD,, TXD;, IRQ, and
port IRQ, TxD,) for serial communication interfaces 1 and 0 IRQ, input
P9,/SCK,/ (Sclo, 1), IRQ; and IRQ, input, and 6-bit generic and generic
RQ,, input/output input/output
P9,/RxD,,
P9,/RxD,,
P9,/TxD,,
P9,/TXD,
Port A | ¢ 8-bit I/O port PA.ITP,/ Output (TP;) | Address TPC output | Address TPC output
. Schmitt inputs TIOCB,/A,, | from pro- output (A,,) FTP7), ITU | output (A,) FTP7), ITU
grammable input or input or
timing output output
pattern (TIOCB,), (TIOCB,),
controller and generic and generic
(TPC), input input/output input/output
or output
(TIOCB,) for
16-bit inte-
grated timer
unit (ITU),
and generic
input/ output
PATP/ TPC output | TPC output | TPC output | TPC output | TPC output
TIOCA,/A,,, | (TPsto TR,), | (TPsto TP,), | (TPg to (TPg to (TPg to
PA/TP/ ITU inputor | ITUinputor | TP,), ITU TP,), ITU TP,), ITU
TIOCB,/A,,, | output output input or input or input or
PA,/TP,/ (TIOCA,, (TIOCA,, output output output
TIOCA/A,; | TIOCB,, TIOCB,, (TIOCA,, (TIOCA,, (TIOCA,,
TIOCA)), TIOCA)), TIOCB,, TIOCB,, TIOCB,,
and generic | address TIOCA)), TIOCA)), TIOCA)),
input/ output | output (A,; | and generic | address and generic
to A,,), and | input/output| output (A, | input/output
generic to A,;), and
input/output generic
input/output
PASTP,/ TPC output (TP4 to TP,), ITU input or output (TCLKD, TCLKC,
TIOCB/ TCLKB, TCLKA, TIOCB,, TIOCA,), and generic input/output
TCLKD,
PALITP,/
TIOCAY/
TCLKC,
PA,/TP,/
TCLKB,
PA TP/
TCLKA

HITACHI
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Port Description Pins Mode 1 I*/Iode 3 V\J(Iode 5 ‘ Mode 6 Mode 7
Port B |« 7-bit I/Oport PB./TP/ TPC output (TP ), trigger input (ADTRG) to A/D converter, and
. Can drive ADTRG generic input/output.
LEDs PB./TP,/ | TPC output (TP, to TP,), ITU input or output (TOCXB,, TOCXA,,
* PB;to PBg TOCXB,, TIOCB,, TIOCA,, TIOCB;, TIOCA;), and generic input/output
have Schmitt PB,/TP,,/
inputs TOCXA,
PB,/TP,,/
TIOCB,,
PB,/TP,o/
TIOCA,,
PB,/TPy/
TIOCB,,
PB,/TPg/
TIOCA,
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7.2 Portl

7.2.1 Overview

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 7-1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1, 3 (expanded modes with on-chip ROM
disabled), they are address bus output pingd@A\).

In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the port 1 data
direction register (P1DDR) can designate pins for address bus outgatA4 or generic input.
In mode 7 (single-chip mode), port 1 is a generic input/output port.

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.

Port 1 pins Modes 1 and 3 Modes 5 and 6 Mode 7
-~ P1,/A, A+ (output) P1, (input)/A; (output) P11, (input/output)
= Plg/Ag Ag (output) P1lg (input)/Ag (output) Plg (input/output)
- Plg/Ag A5 (output) P15 (input)/As (output) Plg (input/output)
-~ P1,/A, A4 (output) P1, (input)/A4 (output) P1, (input/output)
Port1 - P13/A3 A5 (output) P1, (input)/A; (output) P1j (input/output)
~— P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
= P1,/A; A4 (output) P1, (input)/A; (output) P1; (input/output)
> P1y/A, Ag (output) P1g (input)/Aq (output)  P1l, (input/output)

Figure 7-1 Port 1 Pin Configuration

7.2.2 Register Descriptions

Table 7-2 summarizes the registers of port 1.
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Table 7-2 Port 1 Registers

Initial Value
Address * Name Abbreviation R/W Modes 1, 3 Modes 5 o 7
H'FFCO Port 1 data direction  P1DDR \ H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR):P1DDR is an 8-bit write-only register that can select
input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR‘P12DDR ‘ PllDDR‘ PloDDR‘

Modes{lnitial value 1 1 1 1 1 1 1 1

1,3 Read/Write — — — — — — — —

Modes{lnitial value 0 0 0 0 0 0 0 0

S107 |Read/MWrite W W W W W W W

Port 1 data direction 7 to 0
These bits select input or
output for port 1 pins

P1DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P1DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 1 Data Register (P1DR):P1DR is an 8-bit readable/writable register that stores data for pins
P1, to P1.

Bit 7 6 5 4 3 2 1 0

‘ P1, ‘ Plg ‘ Pls ‘ P1, ‘ Pl ‘ P1, ‘ P1; ‘ Pl ‘
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

Port 1 data7to 0
These bits store data for port 1 pins

When a bit in P1DDR is set to 1, if port 1 is read the value of the corresponding P1DR bit is
returned directly, regardless of the actual state of the pin. When a bit in PLDDR is cleared to O, if
port 1 is read the corresponding pin level is read.
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P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.2.3 Pin Functions in Each Mode

The pin functions of port 1 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled) , modes 5 and 6 (expanded mode with on-chip ROM enabled), and mode 7 (single-chip
mode). The pin functions in each mode are described as follows.

Modes 1 and 3:Address output can be selected for each pin in port 1. Figure 7-2 shows the pin
functions in modes 1 and 3.

~—— A (output)
~— Ag (output)
~~— Ag (output)
~——> A, (output)
Port 1
~—— A3 (output)
~—> A, (output)
~— A, (output)

~— Ag (output)

Figure 7-2 Pin Functions in Modes 1 and 3 (Port 1)

Modes 5 and 6:Address output or generic input can be selected for each pin in port 1. A pin
becomes an address output pin if the corresponding P1DDR bit is set to 1, and a generic input pin
if this bit is cleared to 0. Following a reset, all pins are input pins. To use a pin for address output,
its PLDDR bit must be set to 1. Figure 7-3 shows the pin functions in modes 5 and 6.
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When P1DDR =1 When P1DDR =0

~——> A5 (output)
— Ag (output)
~— Ag (output)
~— A, (output)
Port 1
— A3 (output)
~—> A, (output)
~—> A, (output)

~— Ag (output)

P1, (input)
P1g (input)
P15 (input)
P1, (input)
P13 (input)
P1, (input)
P1; (input)

P1, (input)

Figure 7-3 Pin Functions in Modes 5 and 6 (Port 1)

Mode 7 (Single-Chip Mode):Input or output can be selected separately for each pin in port 1. A
pin becomes an output pin if the corresponding P1DDR bit is set to 1, and an input pin if this bit is

cleared to 0. Figure 7-4 shows the pin functions in mode 7.

Port 1

P1, (input/output)
P1g (input/output)
P15 (input/output)
P1, (input/output)
P15 (input/output)
P1, (input/output)
P1; (input/output)

P1, (input/output)

Figure 7-4 Pin Functions in Mode 7 (Port 1)
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 7-5. Pin functions

differ according to operation mode.

In modes 1 and 3 (expanded mode with on-chip ROM disabled), port 2 consists of address bus
output pins (As to Ag). In modes 5 and 6 (expanded mode with on-chip ROM enabled), settings in

the port 2 data direction register (P2DDR) can designate pins for address bus oygtiou{Por
generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

Port 2 has software-programmable built-in pull-up transistors. Pins in port 2 can drive one TTL

load and a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port 2 pins

Port 2

.= P2,/As5
-~ P2G/A14
-~ P2:/As5
.= P2,/A;,
-~ P2;/A;;
-~ P2,/A;
-~ P2,/Aq

R P20/A8

A1s (output)
A14 (output)
A1z (output)
A1, (output)
A11 (output)
A1o (output)
Ag (output)
Ag (output)

Modes 1 and 3 Modes 5and 6

P2, (input)/A5 (output)
P24 (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A15 (output)
P25 (input)/A11 (output)
P2, (input)/A1o (output)
P2, (input)/Ag (output)

P2, (input)/Ag  (output)

Mode 7

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P24 (input/output)

Figure 7-5 Port 2 Pin Configuration
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7.3.2 Register Descriptions
Table 7-3 summarizes the registers of port 2.

Table 7-3 Port 2 Registers

Initial Value
Address * Name Abbreviation R/W Modes 1 and 3 Modes 5to 7
H'FFC1 Port 2 data P2DDR W H'FF H'00
direction register
H'FFC3 Port 2 data P2DR R/W  H'00 H'00
register
H'FFD8 Port 2 input pull- P2PCR R/W  H'00 H'00
up control
register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR):P2DDR is an 8-bit write-only register that can select
input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0

‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘P20DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
1and 3| Read/Write — — — — — _ _ _
Modes {Initial value 0 0 0 0 0 0 0 0
5107 |Readwrite W w w w w w

Port 2 data direction 7to 0
These bits select input or
output for port 2 pins

P2DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P2DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 2 Data Register (P2DR):P2DR is an 8-bit readable/writable register that stores data for pins
P2, to P2.

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P21 ‘ P29 ‘
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

Port 2 data 7to O
These bits store data for port 2 pins

When a bit in P2DDR is set to 1, if port 2 is read the value of the corresponding P2DR bit is
returned directly, regardless of the actual state of the pin. When a bit in P2DDR is cleared to O, if
port 2 is read the corresponding pin level is read.

P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up Control Register (P2PCR): P2PCR is an 8-bit readable/writable register
that controls the MOS input pull-up transistors in port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P21PCR‘ PZOPCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Port 2 input pull-up control 7 to 0
These bits control input pull-up
transistors built into port 2

When a P2DDR bit is cleared to O (selecting generic input) in modes 7 to 5, if the corresponding
bit from P2PCR to PgPCR is set to 1, the input pull-up transistor is turned on.

P2PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3.3 Pin Functions in Each Mode

The pin functions of port 2 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), modes 5 and 6 (expanded mode with on-chip ROM enabled), and mode 7 (single-chip
mode). The pin functions in each mode are described followings.

Modes 1 and 3:Address output can be selected for each pin in port 2. Figure 7-6 shows the pin
functions in modes 1 and 3.

~—— A5 (output)
~— A, (output)
R —— A13 (Output)
~—— A4, (output)
Port 2
~— A4, (output)
~— Ao (output)
~— Ag (output)

~— Ag (output)

Figure 7-6 Pin Functions in Modes 1 and 3 (Port 2)

Modes 5 and 6:Address output or generic input can be selected for each pin in port 2. A pin
becomes an address output pin if the corresponding P2DDR bit is set to 1, and a generic input pin
if this bit is cleared to 0. Following a reset, all pins are input pins. To use a pin for address output,
its P2DDR bit must be set to 1. Figure 7-7 shows the pin functions in modes 5 and 6.
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When P2DDR =1 When P2DDR =0
~— A5 (output) P2, (input)
~—— A, (output) P24 (input)
~—— A3 (output) P25 (input)
~—— A4, (output) P2, (input)

Port 2
~— Ay, (output) P23 (input)
~— A,q (output) P2, (input)
~— Ag (output) P2, (input)
~— Ag (output) P2, (input)

Figure 7-7 Pin Functions in Modes 5 and 6 (Port 2)

Mode 7: Input or output can be selected separately for each pin in port 2. A pin becomes an output
pin if the corresponding P2DDR bit is set to 1, and an input pin if this bit is cleared to 0. Figure
7-8 shows the pin functions in mode 7.

~—— P2 (input/output)
~— P24 (input/output)
—— P25 (input/output)
~—> P2, (input/output)
Port 2
~—— P25 (input/output)
~—— P2, (input/output)
~—— P2, (input/output)

~—— P2, (input/output)

Figure 7-8 Pin Functions in Mode 7 (Port 2)
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7.3.4 Input Pull-Up Transistors

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P2PCR bit is set to 1 and the corresponding P2DDR bit is cleared to 0, the input pull-up
transistor is turned on.

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7-4 summarizes the states of the input pull-up transistors in each mode.

Table 7-4 Input Pull-Up Transistor States (Port 2)

Hardware Standby Software Standby
Mode Reset Mode Mode Other Modes
1 Off Off Off Off
3
5 Off Off On/off On/off
6
-
Legend
Off: The input pull-up transistor is always off.

Onl/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.

140
HITACHI



7.4 Port3

7.4.1 Overview

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 7-9. Port 3 is a data
bus in modes 1, 3, 5, and 6 (expanded modes) and a generic input/output port in mode 7 (single-
chip mode).

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.

Port 3 pins Modes 1, 3,5,and 6 Mode 7
~— P3,/D; D; (input/output) P3; (input/output)
— P3g/Dg De (input/output) P3g (input/output)
= P35/D;5 Dg (input/output) P35 (input/output)
= P3,4/Dy D, (input/output) P34 (input/output)
Port 3
~— P33/D; D3 (input/output) P35 (input/output)
~— P3,/D, D, (input/output) P3, (input/output)
~— P3,/Dq D; (input/output) P3; (input/output)
~— P3y/Dg Dy (input/output) P3, (input/output)

Figure 7-9 Port 3 Pin Configuration

7.4.2 Register Descriptions
Table 7-5 summarizes the registers of port 3.

Table 7-5 Port 3 Registers

Address * Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR \W H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR):P3DDR is an 8-bit write-only register that can select
input or output for each pin in port 3.

Bit 7 6 5 4 3 2 1 0

‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘ P3,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W W w W

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

Modes 1, 3, 5, and 6Port 3 functions as a data bus. P3DDR is ignored.

Mode 7: Port 3 functions as an input/output port. A pin in port 3 becomes an output pin if the
corresponding P3DDR bit is set to 1, and an input pin if this bit is cleared to 0.

P3DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P3DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR):P3DR is an 8-bit readable/writable register that stores data for pins
P3,to P3.

Bit 7 6 5 4 3 2 1 0

| P3; | P3| P3| P3, | P83 | P3; | P3; | P3|
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

Port 3data7to 0
These bits store data for port 3 pins

When a bit in P3DDR is set to 1, if port 3 is read the value of the corresponding P3DR bit is
returned directly, regardless of the actual state of the pin. When a bit in P3DDR is cleared to 0O, if
port 3 is read the corresponding pin level is read.

P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

142
HITACHI



7.4.3 Pin Functions in Each Mode

The pin functions of port 3 differ between modes 1, 3, 5, and 6 and mode 7. The pin functions in
each mode are described below.

Modes 1, 3, 5, and 6All pins of port 3 automatically become data input/output pins. Figure 7-10
shows the pin functions in modes 1, 3, 5, and 6.

~—— D5 (input/output)
~——-> Dg (input/output)
~——> Dg (input/output)
~—— D, (input/output)
Port 3
~——= D3 (input/output)
~—— D, (input/output)
~——> D, (input/output)

~— Dy (input/output)

Figure 7-10 Pin Functions in Modes 1, 3, 5, and 6 (Port 3)

Mode 7: Input or output can be selected separately for each pin in port 3. A pin becomes an output
pin if the corresponding P3DDR bit is set to 1, and an input pin if this bit is cleared to 0. Figure 7-
11 shows the pin functions in mode 7.

~——s P3; (input/output)
~—— P3g (input/output)
~—— P3g (input/output)
~—> P3, (input/output)
Port 3
~——> P33 (input/output)
~——— P3, (input/output)
~——> P3; (input/output)

~—— P3, (input/output)

Figure 7-11 Pin Functions in Mode 7 (Port 3)
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7.5 Portb

7.5.1 Overview

Port 5 is a 4-bit input/output port with the pin configuration shown in figure 7-12. The pin
functions differ depending on the operating mode.

In modes 1, 3 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (Ajsto A.). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the
port 5 data direction register (P5DDR) designate pins for address bus ouytgotAf) or generic
input. In mode 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors. Port 5 can drive one TTL load and a
90-pF capacitive load. They can also drive an LED or a Darlington transistor pair.

Port 5

Port 5
pins

~— P53/A1g
~— P55/A5
~— P5,/A7

~— P5y/A6

Modes 1, 3

Ag (output)
A;g (output)
A7 (output)

A (output)

Modes 5 and 6

P53 (input)/A;g (output)
P55 (input)/A;g (output)
P54 (input)/A;7 (output)

P54 (input)/A;g (output)

Mode 7

P53 (input/output)
P55 (input/output)
P5; (input/output)

P54 (input/output)

Figure 7-12 Port 5 Pin Configuration

7.5.2 Register Descriptions
Table 7-6 summarizes the registers of port 5.

Table 7-6 Port 5 Registers

Initial Value
Address * Name Abbreviation R/W  Modes 1 and 3 Modes 5t0 7
H'FFC8 Port 5 data P5DDR w H'FF H'FO
direction register
H'FFCA Port 5 data P5DR R/W  HFO H'FO
register
H'FFDB Port 5 input pull- P5PCR R/W  HFO H'FO

up control register

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (P5DDR):P5DDR is an 8-bit write-only register that can select
input or output for each pin in port 5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR‘P52DDR ‘ P51DDR‘P50DDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
1 and 3{Read/Write — — — — — — — —
Modes {Initial value 1 1 1 1 0 0 0 0
507 |Readiwrite — — — — w W W W
Reserved bit‘s Port 5 data (‘jirection 3to0

These bits select input or
output for port 5 pins

P5DDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PSDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 5 Data Register (P5DR):P5DR is an 8-bit readable/writable register that stores data for pins
P5; to P5.

Bit 7 6 5 4 3 2 1 0
= — | — | — [ Psa|ps; | psy | ops, |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

When a bit in P5DDR is set to 1, if port 5 is read the value of the corresponding P5DR bit is
returned directly, regardless of the actual state of the pin. When a bit in P5SDDR is cleared to O, if
port 5 is read the corresponding pin level is read.

Bits P5 to P5 are reserved. They cannot be modified and are always read as 1.

P5DR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Port 5 Input Pull-Up Control Register (P5SPCR): P5PCR is an 8-bit readable/writable register
that controls the MOS input pull-up transistors in port 5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P51PCR‘ P5oPCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

When a P5DDR bit is cleared to 0 (selecting generic input) in modes 5 to 7, if the corresponding
bit from P5PCR to P§PCR is set to 1, the input pull-up transistor is turned on.

P5PCR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting.
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7.5.3 Pin Functions in Each Mode

The pin functions differ between mode 1, 3 (expanded modes with on-chip ROM disabled), modes
5 and 6 (expanded modes with on-chip ROM enabled), and mode 7 (single-chip mode). The pin
functions in each mode are described below.

Modes 1 and 3:Address output can be selected for each pin in port 5. Figure 7-13 shows the pin
functions in modes 1 and 3.

~— Aq (output)
~— A,z (output)
Port 5
~— Ay, (output)

~— Ay (output)

Figure 7-13 Pin Functions in Modes 1 and 3 (Port 5)

Modes 5 and 6:Address output or generic input can be selected for each pin in port 5. A pin
becomes an address output pin if the corresponding P5DDR bit is set to 1, and a generic input pin
if this bit is cleared to 0. Following a reset, all pins are input pins. To use a pin for address output,
its PSDDR must be set to 1. Figure 7-14 shows the pin functions in modes 5 and 6.

When P5DDR =1 When P5DDR =0

~—* Ag (output) P53 (input)

~— Ag (output) P5, (input)
Port 5

~— A7 (output) P54 (input)

<— A (output) P54 (input)

Figure 7-14 Pin Functions in Modes 5 and 6 (Port 5)

Mode 7: Input or output can be selected separately for each pin in port 5. A pin becomes an output
pin if the corresponding P5DDR bit is set to 1, and an input pin if this bit is cleared to 0. Figure 7-
15 shows the pin functions in mode 7.
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~—— P55 (input/output)
~— P5, (input/output)
Port 5
~— P5, (input/output)

~— P54 (input/output)

Figure 7-15 Pin Functions in Mode 7 (Port 5)

7.5.4 Input Pull-Up Transistors

Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up
transistors can be turned on and off individually.

When a P5PCR bit is set to 1 and the corresponding P5DDR bit is cleared to 0, the input pull-up
transistor is turned on.

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7-7 summarizes the states of the input pull-up transistors in each mode.

Table 7-7 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode  Other Modes
1 Off Off Off Off

3

5 Off Off Onl/off On/off

6

7

Legend

Off: The input pull-up transistor is always off.

On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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7.6 Port6

7.6.1 Overview

Port 6 is a 4-bit input/output port that is also used for input and output of bus control SgRals (
RD, AS, andWAIT).

Figure 7-16 shows the pin configuration of port 6. In modes 1, 3, 5, and 6 the pin functions are
WR, RD, AS, and PGWAIT. In mode 7, port 6 is a generic input/output port.

Pins in port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.

Port 6 pins Modes 1, 3,5 and 6 Mode 7
~— P65/WR WR (output) P65 (input/output)
~— P6,/RD RD (output) P64 (input/output)
Port 6 _ _
~— P63/AS AS (output) P6 5 (input/output)
™ P6y/WAIT P6¢ (input/output)/WAIT (input) P6, (input/output)

Figure 7-16 Port 6 Pin Configuration

7.6.2 Register Descriptions

Table 7-8 summarizes the registers of port 6.
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Table 7-8 Port 6 Registers

Initial Value
Address * Name Abbreviation R/W Modes 1, 3,5,and 6 Mode 7
H'FFC9 Port 6 data P6DDR W H'F8 H'80
direction
register
H'FFCB Port 6 data P6DR R/W  H'80 H'80
register

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR):P6DDR is an 8-bit write-only register that can select
input or output for each pin in port 6.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P65DDR‘ P64DDR‘ PGgDDR‘ — ‘ — ‘PGODDR ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w W w w W w w
Reserved bits Port 6 data direction 5to 3,0

These bits select input or output for port 6 pins

Bits 7, 6, 2, and 1 are reserved.
P6DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P6DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

150
HITACHI



Port 6 Data Register (P6DR):P6DR is an 8-bit readable/writable register that stores data for pins
P6; to Pg and Pg

Bit 7 6 5 4 3 2 1 0
— | — [ Pes | Pes | Pes | — | — | Ps |

Initial value 1 0 0 0 0 0 0 0

Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bits Port 6 data5to 3,0

These bits store data for port 6 pins

When a bit in P6DDR is set to 1, if port 6 is read the value of the corresponding P6DR bit is
returned directly. When a bit in P6DDR is cleared to O, if port 6 is read the corresponding pin level
is read. Bits 7, 6, 2, and 1 are reserved. Bit 7 cannot be modified and always reads 1. Bits 6, 2, and
1 can be written and read, but cannot be used as ports. If bit 6, 2, or 1 in P6DDR is read while its
value is 1, the value of the corresponding bit in P6DR will be read. If bit 6, 2, or 1 in P6DDR is

read while its value is 0, it will always read 1.

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.6.3 Pin Functions in Each Mode

Modes 1, 3, 5, and 6P6; to P6 function as bus control output pins.,f6either a bus control

input pin or generic input/output pin, functioning as an output pin when XS is set to 1 and
an input pin when this bit is cleared to 0. Figure 7-17 and table 7-9 indicate the pin functions in
modes 1, 3, 5, and 6.

= WR (output)
—— RD (output
Port 6 7( pub
—— AS (output)

~— P6 (input/output)/WAIT (input)

Figure 7-17 Pin Functions in Modes 1, 3, 5, and 6 (Port 6)
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Table 7-9 Port 6 Pin Functions in Modes 1, 3, 5, and 6

Pin Pin Functions and Selection Method

P6./WR Functions as follows regardless of P6,DDR
P6.DDR 0 1
Pin function WR output

P6,/RD Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function RD output

P6./AS Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function AS output

P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the pin
function as follows
WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 0* 0*
Pin function P6, input P6, output WAIT input

Note: * Do not set bit P6,DDR to 1.
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Mode 7: Input or output can be selected separately for each pin in port 6. A pin becomes an output
pin if the corresponding P6DDR bit is set to 1, and an input pin if this bit is cleared to 0. Figure 7-
18 shows the pin functions in mode 7.

~— P65 (input/output)
porte |~ P64 (inputioutput)
< P63 (input/output)

<— P6 (input/output)

Figure 7-18 Pin Functions in Mode 7 (Port 6)

154
HITACHI



7.7 Port7

7.7.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter. The pin
functions are the same in all operating modes. Figure 7-19 shows the pin configuration of port 7.

Port 7 pins

~——— P75 (input)/AN - (input)
——— P7¢ (input)/ANg (input)
~—— P75 (input)/AN5 (input)
~—— P74 (input)/AN,4 (input)
Port 7
—— P73 (input)/AN 3 (input)
~—— P7, (input)/AN, (input)
—— P7, (input)/AN (input)

~—— P74 (input)/AN (input)

Figure 7-19 Port 7 Pin Configuration

7.7.2 Register Description

Table 7-10 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table 7-10 Port 7 Data Register

Address * Name Abbreviation R/W Initial Value

H'FFCE Port 7 data register P7DR R Undetermined

Note: * Lower 16 bits of the address.
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Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P77 ‘ P76 ‘ P7s ‘ P74 ‘ P73 ‘ P72 ‘ P74 ‘ P70 ‘
Initial value —* —* —* —* —* —* —* _*
Read/Write R R R R R R R R

Note: * Determined by pins P7 to P7.

When port 7 is read, the pin levels are always read.

7.8 Port8

7.8.1 Overview

Port 8 is a 2-bit input/output port that is also usedR@, andIRQ, input. Figure 7-20 shows the
pin configuration of port 8.

Pin P8 functions as input/output pin or asI®RQ, input pin. Pins P&unction as either input pins
or IRQ; input pins in modes 1, 3, 5, and 6, and as input/output pilRQyrinput pins in mode 7.

Pins in port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair. Pins P&d P§have Schmitt-trigger inputs.

Port 8 pins Modes 1, 3,5, and 6 Mode 7
Port 8 — P8,/IRQ, P8, (input)/IRQ; (input) P8, (input/output)/IRQ, (input)
or
~— P8y/IRQq P8g (input/output)/IRQq (input) P8y (input/output)/IRQq (input)
Figure 7-20 Port 8 Pin Configuration
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7.8.2 Register Descriptions
Table 7-11 summarizes the registers of port 8.

Table 7-11 Port 8 Registers

Address * Name Abbreviation R/W Initial Value
H'FFCD Port 8 data direction register P8DDR W H'EO
H'FFCF Port 8 data register P8DR R/W H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (P8DDR):P8DDR is an 8-bit write-only register that can select
input or output for each pin in port 8.

7 6 5 4 3 2 1 0

Bit ‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ P81DDR‘ P8oDDR ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — W w W w w
Reserved bits Port 8 data direction 1 and 0

These bits select input or
output for port 8 pins

PBDDR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PBDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 8 Data Register (PBDR):P8DR is an 8-bit readable/writable register that stores data for pins
P8, to P8.

Bit 7 6 5 4 3 2 1 0
e e e e e e T T
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8 data 1 and 0

These bits store data
for port 8 pins

When a bit in PBDDR is set to 1, if port 8 is read the value of the corresponding P8DR bit is
returned directly. When a bit in P8DDR is cleared to 0, if port 8 is read the corresponding pin level
is read.
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Bits 7 to 2 are reserved. Bits 7 to 5 cannot be modified and always read 1. Bit 4, 3, and 2 can be
written and read, but it cannot be used for port input or output. If bit 4, 3, and 2 of P8DDR is read
while its value is 1, bit 4, 3 and 2 of P8DR is read directly. If bit 4, 3, and 2 of PBDDR is read
while its value is 0, it always reads 1.

P8DR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.8.3 Pin Functions

The port 8 pins are also used f&Q, andIRQ,. Table 7-12 describes the selection of pin
functions.

Table 7-12 Port 8 Pin Functions

Pin Pin Functions and Selection Method

P8./IRQ, Bit P8,DDR selects the pin function as follows

P8,DDR 0 1
Modes 1, 3, 5, and 6 Mode 7
Pin function P8, input lllegal setting P8, output
IRQ, input

P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1

Pin function P8, input P8, output
IRQ, input
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7.9 Port9

7.9.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output,(TxD,, RxD,, RxD,,
SCK,, SCK,) by serial communication interface channels 0 and 1 (SCI0 and SCI1), aR@for

andIRQ, input.

Port 9 has the same set of pin functions in all operating modes. Figure 7-21 shows the pin

configuration of port 9.

Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a

Darlington transistor pair.

Port 9 pins

+—— P95 (input/output)/RxD; (input)
Port 9
~——> P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~—— P9, (input/output)/TxDq (output)

~—— P9y (input/output)/SCK, (input/output)/IRQs (input)

~— P9, (input/output)/SCKj (input/output)/IRQ, (input)

Figure 7-21 Port 9 Pin Configuration

7.9.2 Register Descriptions
Table 7-13 summarizes the registers of port 9.

Table 7-13 Port 9 Registers

Address * Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR w H'CO
H'FFD2 Port 9 data register PODR R/W H'CO
Note: * Lower 16 bits of the address.
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Port 9 Data Direction Register (PO9DDR):P9DDR is an 8-bit write-only register that can select
input or output for each pin in port 9.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W w W W w W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

A pin in port 9 becomes an output pin if the corresponding P9DDR bit is set to 1, and an input pin
if this bit is cleared to 0.

PODDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PODDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PODDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 9 Data Register (P9DR):P9DR is an 8-bit readable/writable register that stores output data
for pins PQto PQ.

Bit 7 6 5 4 3 2 1 0
. — | — | pos | Po, | Pos | Po; | Po; | Pgy,
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port9data5to 0

These bits store data
for port 9 pins

When a bit in PODDR is set to 1, if port 9 is read the value of the corresponding P9DR bit is
returned. When a bit in P9DDR is cleared to O, if port 9 is read the corresponding pin level is read.

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

PODR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.9.3 Pin Functions
The port 9 pins are also used for SCI input and output (TxD, RxD, SCK), alRiJgandIRQ,
input. Table 7-14 describes the selection of pin functions.
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Table 7-14

Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9./SCK,/ Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9.DDR
IRQ, select the pin function as follows
CKE1l 0 1
C/A 0 1 —
CKEO 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK; output SCK; output SCK, input
input | output
IRQ, input
P9,/SCK,/ Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCI, and bit P9,DDR select
IRQ, the pin function as follows
CKE1l 0 1
C/A 0 1 —
CKEO 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows
RE 0 1
P9,DDR 1 —
Pin function P9, input P9, output RxD, input
P9,/RxD, Bit RE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as

follows

SMIF 0 1

RE 0 1 —
P9,DDR 0 1 — —

Pin function | P9, input | P9, output RxD, input RxD, input

HITACHI
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Pin

Pin Functions and Selection Method

P9,/TxD, Bit TE in SCR of SCI1 and bit P9,DDR select the pin function as follows
TE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output TxD, output

P9,/TxD, Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as
follows
SMIF 0 1
TE 0 1 —
P9,DDR 0 1 — —
Pin function | P9, input | P9, output TxD, output TxD, output*
Note: * Functions as the TxD, output pin, but there are two states : one in which the

pin is driven, and another in which the pin is at high impedance.
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7.10 Port A

7.10.1 Overview

Port A is an 8-bit input/output port that is also used for output {d@PR,)) from the programmable
timing pattern controller (TPC), input and output (TIOCBIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), and
address output (Ato A,y). Figure 7-22 shows the pin configuration of port A.

Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A pins Modes 1,5 and 7
e PA;/TP,ITIOCB, /A, PA ; (input/output)/TP; (output)/TIOCB, (input/output)
re— PAG/TPs/TIOCA, /Ay, PA g (input/output)/TPg (output)/ TIOCA, (input/output)
re— PAg/TP/TIOCB, /A,, PA g (input/output)/TPg (output)/TIOCB, (input/output)
re—= PAL/TPJTIOCA /A3 PA 4 (input/output)/TP, (output)/TIOCA (input/output)

PortA r«— PA3/TP/TIOCB, /TCLKD PA 3 (input/output)/TP3 (output)/TIOCB q (input/output)/TCLKD (input)
r«— PA,/TP,/TIOCA, /TCLKC PA, (input/output)/TP, (output)/TIOCA q (input/output)/TCLKC (input)
r«— PA;/TP,/TCLKB PA 1 (input/output)/TP; (output)/TCLKB (input)
> PAy/TP/TCLKA PA o (input/output)/TP, (output)/TCLKA (input)

Modes 3 and 6

A,y (output)

PA ¢ (input/output)/TPg (output)/TIOCA, (input/output) /A,; (output)
PA 5 (input/output)/TPs (output)/ TIOCB, (input/output) /A5, (output)
PA 4 (input/output)/TP, (output)/ TIOCA (input/output) /A,3 (output)
PA 3 (input/output)/TP3 (output)/TIOCB q (input/output)/TCLKD (input)
PA , (input/output)/TP, (output)/TIOCA q (input/output)/TCLKC (input)
PA 1 (input/output)/TP; (output)/TCLKB (input)

PA( (input/output)/TP, (output)/TCLKA (input)

Figure 7-22 Port A Pin Configuration
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7.10.2 Register Descriptions
Table 7-15 summarizes the registers of port A.

Table 7-15 Port A Registers

Initial Value
Address *  Name Abbreviation R/W Modes 1,5,and7 Modes 3 and 6
H'FFD1 Port A data PADDR W H'00 H'80
direction register
H'FFD3 Port A data register PADR R/W  H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pin in port A. The corresponding PADDR bit should also be set when a
pin is used as a TPC output.

7 6 5 4 3 2 1 0

Bit ‘PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2DDR‘ PA; DDR‘ PAo DDR‘
Modes 3 { Initial value 1 0 0 0 0 0 0 0
and 6 Read/Write ~ — w w w w w w w
Modes Initial value 0 0 0 0 0 0 0 0
1,5 and 7{ Read/Write w w w w w w w w

Port A data direction 7 to 0
These bits select input or output for port A pins

A pin in port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pin if this bit is cleared to 0. However, in modes 3 and 6,[PBR is fixed at 1, and PA7
functions as an address output pin.

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PADDR is initialized to H'00 in modes 1, 5 and 7 and to H'80 in modes 3 and 6 by a reset and in
hardware standby mode. In software standby mode it retains its previous setting. If a PADDR bit
is set to 1, the corresponding pin maintains its output state in software standby mode.
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Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores data for
pins PA to PA,.

Bit 7 6 5 4 3 2 1 0

‘ PA7 ‘ PAg ‘ PAS5 ‘ PA4 ‘ PA3 ‘ PA, ‘ PA4 ‘ PAg ‘
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

Port Adata7to 0
These bits store data for port A pins

When a bit in PADDR is set to 1, if port A is read the value of the corresponding PADR bit is
returned directly. When a bit in PADDR is cleared to O, if port A is read the corresponding pin
level is read.

PADR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port A pins are used for TPC output, PADR stores output data for TPC output groups 0 and
1. If a bit in the next data enable register (NDERA) is set to 1, the corresponding PADR bit cannot
be written. In this case, PADR can be updated only when data is transferred from NDRA.
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7.10.3 Pin Functions

The port A pins are also used for TPC output,(fiPTR,), ITU input/output (TIOCBto TIOCR,,
TIOCA, to TIOCA,) and input (TCLKD, TCLKC, TCLKB, TCLKA), and as address bus pins
(A3 to Ay). Table 7-16 describes the selection of pin functions.

Table 7-16 Port A Pin Functions

Pin Pin Functions and Selection Method

PA,ITP./ The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to I0OB0O
TIOCB,A,, inTIOR2), bit NDER7 in NDERA, and bit PA,DDR in PADDR select the pin function

as follows

Mode 1,5and 7 3 and 6

ITU channel 2

settings (1) in table below (2) in table below —

PA,DDR — 0 1 1 —

NDER7 — — 0 1 —

Pin function TIOCB, output PA, PA, TP, Ay
input output | output output

TIOCB, input*

Note: * TIOCB, input when I0B2 = 1 and PWM2 = 0.

ITU channel 2

settings 2 Q) )
10B2 0 1

10B1 0 0 1 —
10B0O 0 1 — —
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Pin

Pin Functions and Selection Method

PA/TPy/  The mode setting, bit A,,E in BRCR, ITU channel 2 settings (bit PWM2 in TMDR and
TIOCA,/  bits IOA2 to IOAQ in TIOR2), bit NDER6 in NDERA, and bit PA,DDR in PADDR select
A, the pin function as follows

Mode 1,5and 7 3 and 6

A, E — 1 0

ITU (D)in 2) Q) in 2 —

channel 2 | table in table below table in table below

settings below below

PA,DDR — 0 1 — 0 1 —

NDER6 — — 0 1 — — 0 1 —

Pin TIOCA,| PA, PA, TP, |TIOCA, PA, PA, TP, A,

function output | input | output | output | output | input | output | output | output

TIOCA, input* TIOCA, input*

Note: * TIOCA, input when IOA2 = 1.

ITU

channel2 | () &) @ (1)

settings

PWM2 0 1

I0A2 0 1 —

I0A1 0 1 — —

I0A0 — — —
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Pin

Pin Functio

ns and Selection Method

PA./TP,/  The mode setting, bit A,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCB,/  bits IOB2 to IOBO in TIOR1), bit NDERS5 in NDERA, and bit PA,DDR in PADDR select
A,, the pin function as follows
Mode 1,5t0 7 3 and 6
A,E — 1 0
ITU Q) in 2) Q) in 2) —
channel 1 | table in table below table in table below
settings below below
PA,DDR — 0 1 — 0 1 1 —
NDER5 — — 0 1 — — 0 1 —
Pin TIOCB,| PA, PA, TP, |TIOCB, PA, PA, TP, A,
function output | input | output | output | output | input | output | output | output
TIOCB, input* TIOCB, input*
Note: * TIOCB, input when I0OB2 = 1 and PWM1 = 0.
ITU
cha_nnel 1 ) @ @
settings
I0B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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Pin

Pin Functions and Selection Method

PA,/TP,/  The mode setting, bit A,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCA,/  bits IOA2 to IOAQ in TIOR1), bit NDER4 in NDERA, and bit PA,DDR in PADDR select
A, the pin function as follows

Mode 1,5and 7 3 and 6

A,E — 1 0

ITU Q) in 2) Q) in 2 —

channel 1 | table in table below table in table below

settings below below

PA,DDR — 0 1 — 0 1 —

NDER4 — — 0 1 — — 0 1 —

Pin TIOCA, PA, PA, TP, |TIOCA, PA, PA, TP, A,

function output | input | output | output | output | input | output | output | output

TIOCA, input* TIOCA, input*

Note: * TIOCA, input when IOA2 = 1.

ITU

channell | () &) @ )

settings

PWM1 0 1

I0A2 0 1 —

I0A1 0 1 — —

I0A0 — — —
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Pin

Pin Functions and Selection Method

PA,/TP,/  ITU channel O settings (bit PWMO in TMDR and bits I0OB2 to IOBO in TIORO), bits
TIOCB/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA,DDR in PADDR
TCLKD select the pin function as follows

ITU

channel 0 (1) in table below (2) in table below

settings

PA,DDR — 0 1 1

NDER3 — — 0 1

Pin TIOCB, output PA,; input PA, TP,

function output output

TIOCB, input**
TCLKD input*?2
Notes: 1. TIOCB, input when IOB2 =1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO.

ITU

Cottings @ @ @

10B2 0 1

I0B1 0 —

I0BO — —
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Pin Pin Functions and Selection Method

PA,/TP,/  ITU channel O settings (bit PWMO0 in TMDR and bits IOA2 to IOAO in TIORO), bits
TIOCA/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA,DDR in PADDR
TCLKC select the pin function as follows

ITU

channel 0 (1) in table below (2) in table below
settings

PA,DDR — 0 1 1
NDER2 — — 0 1
Pin TIOCA, output PA, input PA, TP,
function output output

TIOCA, input**

TCLKC input*?2

Notes: 1. TIOCA, input when IOA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO = 0 in any of TCR4 to

TCRO.

ITU
channel 0
settings

@)

1)

)

@

PWMO

I0A2

I0A1

I0A0

HITACHI
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Pin Pin Functions and Selection Method
PA,/TP,/  Bit NDER1 in NDERA and bit PA,DDR in PADDR select the pin function as follows
TCLKB
PA,DDR 0 1 1
NDER1 — 0 1
Pin PA, input PA, output TP, output
function
TCLKB input*
Note: * TCLKB input when MDF =1 in TMDR, or when TPSC2 = 1, TPSC1 =0, and
TPSCO =1 in any of TCR4 to TCRO.
PA,/TP,/  Bit NDERO in NDERA and bit PA,DDR in PADDR select the pin function as follows
TCLKA
PA,DDR 0 1 1
NDERO — 0 1
Pin PA, input PA, output TP, output
function
TCLKA input*
Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 =1 and TPSC1 =
TPSCO =0 in any of TCR4 to TCRO.
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7.11 PortB

7.11.1 Overview

Port B is an 7-bit input/output port that is also used for TPC outpys, (TRB;to TRy), ITU
input/output (TIOCB, TIOCB,, TIOCA,, TIOCA,) and ITU output (TOCXB TOCXA,), and
ADTRG input to the A/D converter. Port B has the same set of pin functions in all operating
modes. Figure 7-23 shows the pin configuration of port B.

Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
a Darlington transistor pair. Pins P® PB, have Schmitt-trigger inputs.

Port B pins

~——= PB (input/output)/TP;5 (output)/ADTRG (input)
~—— PBj (input/output)/TP;3 (output)/TOCXB,4 (output)
—— PB, (input/output)/TP;, (output)/ TOCXA, (output)
Port B [+ PB3 (input/output)/TP;; (output)/TIOCB, (input/output)
~——— PB, (input/output)/TP;o (output)/TIOCA, (input/output)
~———> PB (input/output)/TPy (output)/TIOCBj; (input/output)

~—* PBj (input/output)/TPg (output)/TIOCA; (input/output)

Figure 7-23 Port B Pin Configuration

7.11.2 Register Descriptions
Table 7-17 summarizes the registers of port B.

Table 7-17 Port B Registers

Address * Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.
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Port B Data Direction Register (PBDDR):PBDDR is an 8-bit write-only register that can select
input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PBSDDR‘PB4DDR‘PBgDDR‘PBZDDR‘PBlDDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w W W w W

Port B data7,5to 0
Reserved bit These bits select input or output for port B pins

A pin in port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input pin
if this bit is cleared to 0.

Bit 6 is reserved.
PBDDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PBDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PBDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port B Data Register (PBDR):PBDR is an 8-bit readable/writable register that stores data for
pins PB, PG to PB,

Bit 7 6 5 4 3 2 1 0

‘ PB; ‘ — ‘ PBs ‘ PB, ‘ PB3 ‘ PB, ‘ PB, ‘ PBy ‘
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

Port B data7,5t0 0
Reserved bit These bits store data for port B pins

When a bit in PBDDR is set to 1, if port B is read the value of the corresponding PBDR bit is
returned directly. When a bit in PBDDR is cleared to O, if port B is read the corresponding pin
level is read. Bit 6 is reserved. Bit 6 can be written and read, but cannot be used for a port input or
output.

If bit 6 in PBDDR is read while its value is 1, the value of bit 6 in PBDR will be read directly. If
bit 6 in PBDDR is read while its value is 0, it will always be read as 1.

PBDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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When port B pins are used for TPC output, PBDR stores output data for TPC output groups 2 and
3. If a bit in the next data enable register (NDERB) is set to 1, the corresponding PBDR bit cannot
be written. In this case, PBDR can be updated only when data is transferred from NDRB.

7.11.3 Pin Functions

The port B pins are also used for TPC output {THP,;to TR,), ITU input/output (TIOCB,
TIOCB;, TIOCA,, TIOCA,) and output (TOCXB TOCXA,), andADTRG input. Table 7-18
describes the selection of pin functions.
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Table 7-18 Port B Pin Functions

Pin Pin Functions and Selection Method
PB,/ Bit TRGE in ADCR, bit NDER15 in NDERB and bit PB,DDR in PBDDR select the pin
TP/ function as follows
ADTRG
PB,DDR 0 1 1
NDER15 — 0 1
Pin PB, input PB, output TP, output
function ADTRG input*
Notes: * ADTRG input when TRGE = 1.
PB./ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TP,/ NDERB, and bit PB.DDR in PBDDR select the pin function as follows
TOCXB,
EXB4,
CMD1 Not both 1 Both 1
PB.,DDR 0 1 1 —
NDER13 — 0 1 —
Pin PB, input | PB; output | TP,, output TOCXB, output
function
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TP,/ NDERB, and bit PBADDR in PBDDR select the pin function as follows
TOCXA,
EXA4,
CMD1 Not both 1 Both 1
PB,DDR 0 1 1 —
NDER12 — 0 1 —
Pin PB, input | PB, output | TP,, output TOCXA, output
function
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Pin

Pin Functions and Selection Method

PB,/
TP,/
TIOCB,

ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
bits IOB2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR
select the pin function as follows

ITU
channel 4
settings

(1) in table below

(2) in table below

PB,DDR

0

1

NDER11

0

Pin
function

TIOCB, output

PB, input

PB, output

TP,
output

TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.

ITU
channel 4
settings

@)

@

1)

()

1)

EB4

CMD1

10B2

10B1

10BO
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Pin Pin Functions and Selection Method

PB,/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TP,/ bits IOA2 to IOAOQ in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR
TIOCA, select the pin function as follows
ITU
channel 4 (1) in table below (2) in table below
settings
PB,DDR — 0 1 1
NDER10 — — 0 1
Pin TIOCA, output PB, input | PB, output TP,
function output
TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM4 =0 and IOA2 = 1.

ITU
channel 4
settings ¥ ¥ (@) 2 1)

EA4 0 1

CMD1 — 0 1

PWM4 — 0 1 —

I0A2 —_ 0 0 0 1 — —

IOA1 — 0 0 1 — — —

IOAO — 0 1 — — — —
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Pin

Pin Functions and Selection Method

PB,/TP,/
TIOCB,

ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
bits IOB2 to I0BO0 in TIOR3), bit NDER9 in NDERB, and bit PB,DDR in PBDDR select

the pin function as follows

ITU
channel 3
settings

(1) in table below

(2) in table below

PB,DDR

0

1

1

NDER9

0

1

Pin

function

TIOCB; output

PB, input

PB, output

TP, output

TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM3 =0 and IOB2 = 1.

ITU
channel 3
settings

@)

@

1)

@)

1)

EB3

CMD1

10B2

10B1

10BO
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Pin

Pin Functions and Selection Method

PB,/TP,/
TIOCA,

ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
bits IOA2 to IOAO in TIOR3), bit NDERS8 in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU
channel 3
settings

(1) in table below

(2) in table below

PB,DDR

0

1

1

NDERS8

0

1

Pin

function

TIOCA,; output

PB, input

PB, output

TP, output

TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM3 =0 and IOA2 = 1.

ITU
channel 3
settings

)

)

1)

@)

1)

EA3

CMD1

PWM3

I0A2

IOA1

IOAO

180

HITACHI




Section 8 16-Bit Integrated Timer Unit (ITU)

8.1 Overview

The H8/3022 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer
channels.

8.1.1 Features
ITU features are listed below.

» Capability to process up to 12 pulse outputs or 10 pulse inputs

» Ten general registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

» Selection of eight counter clock sources for each channel:
Internal clocks: @, 9/2, a/4, 3/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD
» Five operating modes selectable in all channels:
O Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
O Input capture function
Rising edge, falling edge, or both edges (selectable)
O Counter clearing function
Counters can be cleared by compare match or input capture
O Synchronization

Two or more timer counters (TCNTSs) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

0 PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

» Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
» Three additional modes selectable in channels 3 and 4
O Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

181
HITACHI



0 Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

» High-speed access via internal 16-bit bus
The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed
via a 16-bit bus.

» Fifteen interrupt sources
Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

» Output triggering of programmable pattern controller (TPC)
Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.

Table 8-1 summarizes the ITU functions.

Table 8-1 ITU Functions

Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4

Clock sources

Internal clocks: g @2, @4, 48
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently
General registers GRAO, GRA1, GRA2, GRA3, GRA4,
(output GRBO GRB1 GRB2 GRB3 GRB4
compare/input
capture registers)
Buffer registers — — — BRA3, BRA4,
BRB3 BRB4
Input/output pins TIOCA,, TIOCA,, TIOCA,, TIOCA,, TIOCA,,
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
Output pins — — — — TOCXA,,
TOCXB,
Counter clearing GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4
function compare compare compare compare compare
match or match or match or match or match or
input input input input input
capture capture capture capture capture
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Compare O 0] @] @) o (0]
match 1 (0] (@) 0] (@) (0]
output Toggle O (0] — (0] (0]
Input capture 0] @) @) o (0]
function
Synchronization (0] (@) @) (@) (0]
PWM mode (0] 0] 0] 0] (0]
Reset-synchronized — — — o (0]
PWM mode
Complementary — — — 0] (0]
PWM mode
Phase counting — — @) — —
mode
Buffering — — — (0] (0]
Interrupt sources Three Three Three Three Three
sources sources sources sources sources
*Compare «Compare *Compare «Compare *Compare
match/input match/input match/input  match/input  match/input
capture AO capture Al capture A2 capture A3 capture A4
*Compare «Compare «Compare «Compare Compare
match/input match/input  match/input  match/input  match/input
capture BO capture B1 capture B2 capture B3 capture B4
*Overflow *Overflow *Overflow *Overflow *Overflow

Legend
O: Available

—: Not available

HITACHI
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8.1.2 Block Diagrams

ITU Block Diagram (overall): Figure 8-1 is a block diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4
— Clock selector > IMIBO to IMIB4
o, 912, 9/4, 2/8 P OVIO to OVI4
TOCXA,, TOCXBy < Control logic
TIOCAq to TIOCA;
TOER K>
< ™ N — o
] [} [} T | @ TOCR K >
c c c [ [
SRR
- < < < < <] TSTR K_>
(&) (8] (8] o (&)
E||E|IE||E||E TSNC [
S5 |3]|5|]|5 TMDR >
© (e} (e} (o) ©
— — — — —
TFCR K >
Module data bus
Legend

TOER: Timer output master enable register (8 bits)

TOCR:
TSTR:
TSNC:
TMDR:
TFCR:

Timer output control register (8 bits)
Timer start register (8 bits)
Timer synchro register (8 bits)
Timer mode register (8 bits)
Timer function control register (8 bits)

Bus interface

Internal data bus
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Block Diagram of Channels 0 and 1iTU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 8-2.

TCLKAto TCLKD _ > = TIOCA,
Clock selector ~— TIOCBg
2, 212, 6l4, 818 >
Control logic e IMIAO
Comparator —= [MIBO
— OVIO

0 0

TCNT
GRA
GRB
TCR
TIOR
TIER
TSR

Q Q

Module data bus

Legend

TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
TCR: Timer control register (8 bits)

TIOFé: Timer 1/O control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TSR: Timer status register (8 bits)

Figure 8-2 Block Diagram of Channels 0 and 1 (for Channel 0)
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Block Diagram of Channel 2:Figure 8-3 is a block diagram of channel 2. This is the channel that
provides only O output and 1 output.

TCLKA to TCLKD 2 ~—= TIOCA,
Clock selector ~— TIOCB,
@, 912, 814, /8 P .
Control logic e IMIA2
Comparator — IMIB2
—= OVI2
N o N N N N N
E M 04 04
Zllzl|a Sllol|lwll|&
Module data bus
Legend
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 hits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)
Figure 8-3 Block Diagram of Channel 2
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Block Diagrams of Channels 3 and 4Figure 8-4 is a block diagram of channel 3. Figure 8-5is a
block diagram of channel 4.

TCLKAto —— — TIOCA3
— TIOCB
;C;/};D Clock selector 3
o/4, 2/8 ] Control logic
— IMIA3
Comparator -~ IMIB3
— OVI3
NSRBI ERER R
et fa) (©) a) (©) ~ = = —
Module data bus
Legend
TCNT3: Timer counter 3 (16 bits)
GRAS3, GRB3: General registers A3 and B3 (input capture/output compare registers)
(16 hits x 2)
BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)
TCR3: Timer control register 3 (8 hits)
TIORS3: Timer 1/O control register 3 (8 bits)
TIERS: Timer interrupt enable register 3 (8 bits)
TSR3: Timer status register 3 (8 bits)
Figure 8-4 Block Diagram of Channel 3
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TCLKD — TOCXB,
Clock selector
g, ﬂ/z, D - T|OCA4
o/4, 2/8 Control logic ~— TIOCB,
—= IMIA4
Comparator - IMIB4
— OVI4
< < <
Ell3 I3 allallel|lc |2
SHIEIE 2112 | B |5 &8
2| a O||m o|llF||EIl|F]|F
Module data bus
Legend
TCNT4: Timer counter 4 (16 bits)
GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)
BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)
TCR4: Timer control register 4 (8 bits)
TIORA4: Timer 1/O control register 4 (8 bits)
TIER4: Timer interrupt enable register 4 (8 bits)
TSRA4: Timer status register 4 (8 bits)
Figure 8-5 Block Diagram of Channel 4
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8.1.3 Pin Configuration

Table 8-2 summarizes the ITU pins.

Table 8-2 ITU Pins
Abbre- Input/
Channel Name viation Output Function
Common Clock input A TCLKA Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting mode)
Clock input C TCLKC Input External clock C input pin
Clock input D TCLKD Input External clock D input pin
0 Input TIOCA, Input/ GRAO output compare or input capture pin
capture/output output PWM output pin in PWM mode
compare AO
Input TIOCB, Input/ GRBO output compare or input capture pin
capture/output output
compare BO
1 Input TIOCA, Input/ GRAL output compare or input capture pin
capture/output output PWM output pin in PWM mode
compare Al
Input TIOCB,  Input/ GRB1 output compare or input capture pin
capture/output output
compare B1
2 Input TIOCA, Input/ GRAZ2 output compare or input capture pin
capture/output output PWM output pin in PWM mode
compare A2
Input TIOCB, Input/ GRB2 output compare or input capture pin
capture/output output
compare B2
3 Input TIOCA, Input/ GRAS output compare or input capture pin
capture/output output PWM output pin in PWM mode, comple-
compare A3 mentary PWM mode, or reset-synchronized
PWM mode
Input TIOCB, Input/ GRB3 output compare or input capture pin
capture/output output PWM output pin in complementary PWM
compare B3 mode or reset-synchronized PWM mode
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Abbre- Input/
Channel Name viation Output Function
4 Input TIOCA, Input/ GRA4 output compare or input capture
capture/output output pin PWM output pin in PWM mode,
compare A4 complementary PWM mode, or reset-
synchronized PWM mode
Input TIOCB, Input/ GRB4 output compare or input capture
capture/output output pin PWM output pin in complementary
compare B4 PWM mode or reset-synchronized PWM
mode
Output TOCXA, Output PWM output pin in complementary PWM
compare XA4 mode or reset-synchronized PWM mode
Output TOCXB, Output PWM output pin in complementary PWM
compare XB4 mode or reset-synchronized PWM mode
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8.1.4 Register Configuration

Table 8-3 summarizes the ITU registers.

Table 8-3 ITU Registers

Abbre- Initial
Channel Address *! Name viation R/W Value
Common H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable TOER R/W H'FF
register
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer 1/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)**>  HF8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter O (low) TCNTOL R/W H'00
H'FF6A General register A0 (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer I/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*?>  HF8
H'FF72 Timer counter 1 (high) TCNT1IH R/W H'00
H'FF73 Timer counter 1 (low) TCNT1L R/W H'00
H'FF74 General register Al (high) GRA1H R/W H'FF
H'FF75 General register Al (low) GRAILL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRBI1L R/W H'FF

HITACHI

191



Abbre- Initial
Channel Address ** Name viation R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*? H'F8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)*? H'F8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF
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Abbre- Initial
Channel Address ** Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer 1/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)**>  HF8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4AL R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRAA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRBA4L R/W H'FF
H'FF9C Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FFOE Buffer register B4 (high) BRB4H R/W H'FF
H'FFIF Buffer register B4 (low) BRB4L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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8.2 Register Descriptions

8.2.1 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTR is initialized to H'EO by a reset and in standby mode.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit4

STR4 Description

0 TCNT4 is halted (Initial value)
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3

STR3 Description

0 TCNT3 is halted (Initial value)
1 TCNT3 is counting

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2).

Bit 2

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO).

Bit O Description

STRO

0 TCNTO is halted (Initial value)
1 TCNTO is counting

8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync 4to 0

These bits synchronize
channels 4 to 0

TSNC is initialized to H'EO by a reset and in standby mode.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.

Bit 4—Timer Sync 4 (SYNC4):Selects whether channel 4 operates independently or
synchronously.

Bit 4

SYNC4 Description

0 Channel 4's timer counter (TCNT4) operates independently (Initial value)
TCNT4 is preset and cleared independently of other channels

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared

195
HITACHI



Bit 3—Timer Sync 3 (SYNC3):Selects whether channel 3 operates independently or
synchronously.

Bit 3
SYNC3 Description

0 Channel 3's timer counter (TCNT3) operates independently (Initial value)
TCNT3 is preset and cleared independently of other channels

1 Channel 3 operates synchronously
TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC2):Selects whether channel 2 operates independently or
synchronously.

Bit 2
SYNC2 Description

0 Channel 2’s timer counter (TCNT2) operates independently (Initial value)
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1):Selects whether channel 1 operates independently or
synchronously.

Bit 1
SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently (Initial value)
TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel O operates independently or
synchronously.

Bit 0
SYNCO Description

0 Channel 0’s timer counter (TCNTO) operates independently (Initial value)
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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8.2.3 Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM
mode for channels 4 to O

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDR is initialized to H'80 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting Mode Flag (MDF):Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6
MDF Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode
197

HITACHI



When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNTZ2) operates as an
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin kS High ke Low kS Low Y High
TCLKB pin Low kS High T High ES Low Y

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
timer control register 2 (TCR2). Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bits in TCR2 and the compare
match/input capture settings and interrupt functions of timer I/O control register 2 (TIOR2), timer
interrupt enable register 2 (TIER2), and timer status register 2 (TSR2) remain effective in phase
counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). The FDIR designation is valid in all modes in channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4

PWM4  Description

0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The
output goes to 1 at compare match with general register A4 (GRA4), and to 0 at compare match
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in the timer function control register (TFCR), the CMD1 and CMDO setting takes
precedence and the PWM4 setting is ignored.
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Bit 3—PWM Mode 3 (PWM3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3

PWM3 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The
output goes to 1 at compare match with general register A3 (GRAS3), and to 0 at compare match
with general register B3 (GRB3).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDOQO in the timer function control register (TFCR), the CMD1 and CMDO setting takes
precedence and the PWMS3 setting is ignored.

Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWMZ2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The
output goes to 1 at compare match with general register A2 (GRA2), and to 0 at compare match
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWML1 is set to 1 to select PWM mode, pin TIOCA1 becomes a PWM output pin. The
output goes to 1 at compare match with general register A1 (GRA1), and to 0 at compare match
with general register B1 (GRB1).
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Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode.

Bit

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The
output goes to 1 at compare match with general register AO (GRAOQ), and to 0 at compare match
with general register BO (GRBO).

8.2.4 Timer Function Control Register (TFCR)

TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRAZ3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCR is initialized to H'CO by a reset and in standby mode.
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Bits 7 and 6—ReservedThese bits cannot be modified and are always read as 1.

Bits 5 and 4—Combination Mode 1 and 0 (CMD1, CMDO)These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5 Bit 4

CMD1 CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) are valid in
complementary PWM mode and reset-synchronized PWM mode, however. When complementary
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and
SYNC4 both to 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRBA4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2
BFA4 Description
0 GRA4 operates normally (Initial value)
1 GRAA4 is buffered by BRA4
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1

BFB3 Description

0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFAS3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRAS3 operates normally (Initial value)
1 GRAS is buffered by BRA3

8.2.5 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA,4, TOCXB,4
These bits enable or disable output
settings for pins TOCXA,4 and TOCXB,4

Master enable TIOCA3, TIOCB3, TIOCA,, TIOCB,
These bits enable or disable output settings for pins
TIOCAg, TIOCB;, TIOCA,, and TIOCB,

TOER is initialized to H'FF by a reset and in standby mode.
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Bits 7 and 6—ReservedThese bits cannot be modified and are always read as 1.

Bit 5—Master Enable TOCXB, (EXB4): Enables or disables ITU output at pin TOCXB

Bit 5

EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as a generic
input/output pin). If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in
channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables ITU output at pin TOCXA

Bit 4
EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as a generic
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)

Bit 3—Master Enable TIOCB, (EB3): Enables or disables ITU output at pin TIOCB

Bit 3

EB3 Description

0 TIOCB, output is disabled regardless of TIOR3 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD =0, EB3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB,; is enabled for output according to TIOR3 and TFCR settings (Initial value)

Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCB

Bit 2

EB4 Description

0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Initial value)
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Bit 1—Master Enable TIOCA, (EA4): Enables or disables ITU output at pin TIOCA

Bit 1

EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR (Initial value)

settings

Bit 0—Master Enable TIOCA; (EA3): Enables or disables ITU output at pin TIOCA

Bit 0

EA3 Description

0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR (Initial value)
settings
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8.2.6 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ OLS4 ‘ OLS3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR is initialized to H'FF by a reset and in standby mode.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in complementary
PWM mode and reset-synchronized PWM mode.
When an external trigger occurs, bits 5 to 0 in the timer output master enable register
(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled (Initial value)
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Bits 3 and 2—ReservedThese bits cannot be modified and are always read as 1.

Bit 1—Output Level Select 4 (OLS4):Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 1

OoLS4 Description

0 TIOCA,, TIOCA,, and TIOCB, pin outputs are inverted

1 TIOCA,, TIOCA,, and TIOCB, pin outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OLS3):Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB,, TOCXA,, and TOCXB, pin outputs are inverted

1 TIOCB,, TOCXA,, and TOCXB, pin outputs are not inverted (Initial value)

8.2.7 Timer Counters (TCNT)

TCNT is a 16-bit counter. The ITU has five TCNTSs, one for each channel.

Chanel  Abbreviation Function

0 TCNTO Up-counter

1 TCNT1

2 TCNT2 Phase counting mode: up/down-counter
Other modes: up-counter

TCNT3 Complementary PWM mode: up/down-counter
4 TCNT4 Other modes: up-counter
Bit 15 14 13 12 112 10 9 8 7 6 5 4 3 2 1 0

Initial value o 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/IW R/W R/W R/W R/W R/IW

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).
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TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA or GRB) or
by input capture to GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) is setto 1 in
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) is setto 1 in
TSR of the corresponding channel.

The TCNTSs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT is initialized to H'0000 by a reset and in standby mode.

8.2.8 General Registers (GRA, GRB)

The general registers are 16-bit registers. The ITU has 10 general registers, two in each channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

3 GRAS3, GRB3 Output compare/input capture register; can be by buffer
4 GRA4, GRB4 registers BRA and BRB

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settings in the timer 1/O
control register (TIOR).

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1 in the timer status register (TSR). Compare match output can be selected in TIOR.
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When a general register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by a reset
and in standby mode. The initial value is H'FFFF.

8.2.9 Buffer Registers (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering
4 BRA4, BRB4 * When the corresponding GRA or GRB functions as an output

compare register, BRA or BRB can function as an output
compare buffer register: the BRA or BRB value is
automatically transferred to GRA or GRB at compare match

¢ When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input capture
buffer register: the GRA or GRB value is automatically
transferred to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 11 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

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers are initialized to H'FFFF by a reset and in standby mode.

8.2.10 Timer Control Registers (TCR)

TCR is an 8-bit register. The ITU has five TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
2 TCR2 channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to
3 TCR3 TPSCO in TCR2 are ignored.
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCR is initialized to H'80 by a reset and in standby mode.
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Bit 7—Reserved:This bit cannot be modified and is always read as 1.

Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0):These bits select how TCNT is cleared.

Bit 6 Bit 5

CCLR1 CCLRO  Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture**

1 0 TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: TCNT is cleared in synchronization with

other synchronized timers*?

Notes: 1. TCNT is cleared by compare match when the general register functions as an output
compare match register, and by input capture when the general register functions as an
input capture register.

2. Selected in the timer synchro register (TSNC).

Bits 4 and 3—Clock Edge 1/0 (CKEG1, CKEGO)These bits select external clock input edges
when an external clock source is used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.
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Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2 to TPSCOT-hese bits select the counter clock
source.

Bit 2 Bit 1 Bit O
TPSC2  TPSC1 TPSCO  Function
0 0 0 Internal clock: g (Initial value)
1 Internal clock: @/2
1 0 Internal clock: g/4
1 Internal clock: /8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.
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8.2.11 Timer I/O Control Register (TIOR)

TIOR is an 8-bit register. The ITU has five TIORs, one in each channel.

Channel  Abbreviation  Function
0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when complementary
2 TIOR2 PWM mode or reset-synchronized PWM mode is selected in
3 TIOR3 channels 3 and 4.
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0O ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to AO
These bits select GRA
functions

Reserved bit

I/0O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input capture is
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR is initialized to H'88 by a reset and in standby mode.
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Bit 7—Reserved:This bit cannot be modified and is always read as 1.

Bits 6 to 4—I1/O Control B2 to BO (IOB2 to IOB0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
10B2 I0B1 I0BO Function
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register 0 output at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match
(1 output in channel 2)**, *?
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input
1

Notes: 1. After a reset, the output is 0 until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.

Bit 3—Reserved:This bit cannot be modified and is always read as 1.

Bits 2 to 0—I/O Control A2 to A0 (IOA2 to IOAQ): These bits select the GRA function.

Bit 2 Bit 1 Bit O
I0A2 I0Al IOAO Function
0 0 0 GRA is an outpurt No output at compare match (Initial value)
1 compare register 0 output at GRA compare match**
1 0 1 output at GRA compare match**
1 Output toggles at GRA compare match
(1 output in channel 2) ***?
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output is 0 until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.
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8.2.12 Timer Status Register (TSR)

TSR is an 8-bit register. The ITU has five TSRs, one in each channel.

Channel  Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/(W)*  RI(W)* R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only O can be written to clear the flag.
Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources

and generate CPU interrupts if enabled by corresponding bits in the timer interrupt enable register
(TIER).

TSR is initialized to H'F8 by a reset and in standby mode.
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Bits 7 to 3—ReservedThese bits cannot be modified and are always read as 1.

Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF*

Notes: *  TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:
1. Channel 2 operates in phase counting mode (MDF =1 in TMDR)
2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO =0
in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB compare
match or input capture events.

Bit 1

IMFB Description

0 [Clearing condition] Read IMFB when IMFB = 1, then write O in IMFB (Initial value)
1 [Setting conditions]

TCNT = GRB when GRB functions as a compare match register.
TCNT value is transferred to GRB by an input capture signal, when GRB functions as an
input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0

IMFA Description

0 [Clearing condition] Read IMFA when IMFA = 1, then write O in IMFA. (Initial value)
1 [Setting conditions]

TCNT = GRA when GRA functions as a compare match register.
TCNT value is transferred to GRA by an input capture signal, when GRA functions as an
input capture register.
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8.2.13 Timer Interrupt Enable Register (TIER)

TIER is an 8-bit register. The ITU has five TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4

Bit 7 6 5 4 3 2 1 0
‘—‘—‘—‘—‘—‘OVIE‘IMIEB‘IMIEA‘

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
requests and general register compare match and input capture interrupt requests.

TIER is initialized to H'F8 by a reset and in standby mode.
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Bits 7 to 3—ReservedThese bits cannot be modified and are always read as 1.

Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
overflow flag (OVF) in TSR when OVF is set to 1.

Bit 2

OVIE Description

0 OVI interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1

IMIEB Description

0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the
interrupt requested by the IMFA flag in TSR when IMFA is set to 1.

Bit 0
IMIEA Description
0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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8.3 CPU Interface

8.3.1 16-Bit Accessible Registers

The timer counters (TCNTSs), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read a word at a time, or a byte at a time.

Figures 8-6 and 8-7 show examples of word access to a timer counter (TCNT). Figures 8-8, 8-9, 8-
10, and 8-11 show examples of byte access to TCNTH and TCNTL.
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Figure 8-6 Access to Timer Counter (CPU Writes to TCNT, Word)

Internal data bus

H H

N

CPU L Bus interface ﬂ L

| TCNTH | TCNTL |

VAN

Module
data bus

>
>

VAN

Figure 8-7 Access to Timer Counter (CPU Reads TCNT, Word)
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Figure 8-8 Access to Timer Counter (CPU Writes to TCNT, Upper Byte)
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Figure 8-9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte)
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Figure 8-10 Access to Timer Counter (CPU Reads TCNT, Upper Byte)
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Internal data bus
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Figure 8-11 Access to Timer Counter (CPU Reads TCNT, Lower Byte)

8.3.2 8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 8-12 and 8-13 show examples of byte read and write access to a TCR.

If a word-size data transfer instruction is executed, two byte transfers are performed.
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Figure 8-12 TCR Access (CPU Writes to TCR)
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Figure 8-13 TCR Access (CPU Reads TCR)
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8.4 Operation

8.4.1 Overview
A summary of operations in the various modes is given below.

Normal Operation: Each channel has a timer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation:The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the

timer counters in the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bits in the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM ModeChannels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIQCHNOCB,, TIOCA,, TOCXA,, TIOCB,, and

TOCXB, function as PWM output pins, and TCNdperates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXRB function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting Mode:The phase relationship between two clock signals input at TCLKA and
TCLKB is detected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.

Buffering

» If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
» If the general register is an input capture register
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When input capture occurs the TCNT value is transferred to the general register, and the
previous general register value is transferred to the buffer register.

e Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction.

e Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.

8.4.2 Basic Functions

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

» Sample setup procedure for counter
Figure 8-14 shows a sample procedure for setting up a counter.
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< Counter setup )

Select counter clock 1

No

Type of counting?

Yes - -
( Free-running counting >
< Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

[N

Figure 8-14 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source

is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

Write the count period in GRA or GRB, whichever was selected in step 2.
Set the STR bit to 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (TCNTSs) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the overflow flag (OVF) is set to 1 in the timer
status register (TSR). If the corresponding OVIE bit is set to 1 in the timer interrupt enable
register, a CPU interrupt is requested. After the overflow, the counter continues counting up
from H'0000. Figure 8-15 illustrates free-running counting.

TCNT value

STRO to | 3
STR4 bit | |
OVF !

Figure 8-15 Free-Running Counter Operation

When a channel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 or CCLRO in the timer control register (TCR) to have the counter cleared by compare
match, and set the count period in GRA or GRB. After these settings, the counter starts
counting up as a periodic counter when the corresponding bit is set to 1 in TSTR. When the
count matches GRA or GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is
cleared to H'0000. If the corresponding IMIEA or IMIEB bit is setto 1 in TIER, a CPU

interrupt is requested at this time. After the compare match, TCNT continues counting up from
H'0000. Figure 8-16 illustrates periodic counting.
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TCNT value Counter cleared by general

/ register compare match

GR

H'0000 ‘ ‘ ; > Time
STR bit | |
IMF 5

Figure 8-16 Periodic Counter Operation

Count timing
O Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock (@) or one of three internal clock
sources obtained by prescaling the system clock (a/2, /4, 2/8).
Figure 8-17 shows the timing.

o InEnEEEnEnEEEREREE

((
Internal )7
CIOCk ‘I \ ()() | | \
TCNT input

((
)
((
)T
N (( >< N+l
)

TCNT N-1 X

Figure 8-17 Count Timing for Internal Clock Sources
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O External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and

its valid edge or edges are selected by bits CKEG1 and CKEGO. The rising edge, falling
edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a

single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 8-18 shows the timing when both edges are detected.

0 InEpEnluEnEnEeEuEE
e . 3 '2 ’ B
TCNT input (

N-1 X N X E N+1

TCNT

Figure 8-18 Count Timing for External Clock Sources (when Both Edges are Detected)
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Waveform Output by Compare Match: In ITU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the
output can only goto 0 or go to 1.

Sample setup procedure for waveform output by compare match
Figure 8-19 shows a sample procedure for setting up waveform output by compare match.

( Output setup > 1. Select the compare match output mode (O, 1, or
‘ toggle) in TIOR. When a waveform output mode

is selected, the pin switches from its generic input/
output function to the output compare function

1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set a value in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
l counter.

Waveform output

Figure 8-19 Setup Procedure for Waveform Output by Compare Match (Example)

Examples of waveform output

Figure 8-20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.
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TCNT value

o s S S
GRB  f--mmommommmme oo

GRA | e

H'0000

No change No change 1 output

No change No change 0 output

N

Figure 8-20 0 and 1 Output (Examples)

Figure 8-21 shows examples of toggle output. TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
‘ Counter cleared by compare match with GRB
GRB [~ / ******************************************
GRA [ i A Eeh i i
H'0000 | | 3 - Time
TIOCB ! 3 | Toggle
: ! ! ; output
TIOCA | Toggle
\ output

Figure 8-21 Toggle Output (Example)
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* Output compare timing
The compare match signal is generated in the last state in which TCNT and the general register
match (when TCNT changes from the matching value to the next value). When the compare
match signal is generated, the output value selected in TIOR is output at the output compare
pin (TIOCA or TIOCB). When TCNT matches a general register, the compare match signal is
not generated until the next counter clock pulse.

Figure 8-22 shows the output compare timing.

o S T A o O O O e A
TCNT i ,—l
clock nput

TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure 8-22 Output Compare Timing

Input Capture Function: The TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or p