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Preface

The H8/538 and H8/539 are original Hitachi high-performance single-chip microcontrollers with a
high-speed 16-bit H8/500 CPU core and extensive on-chip peripheral functions. They are suitable
for controlling awide range of medium-scale office and industrial equipment and consumer
products.

The general-register architecture and highly orthogonal, optimized instruction set of the H8/500
CPU enable even programs coded in the high-level C language to be compiled into efficient object
code.

Many of the peripheral functions needed in microcontroller application systems are provided on-
chip, including large RAM and ROM, a powerful set of timers, a seria interface, a high-precision
A/D converter, and 1/0 ports. Compact, high-performance systems can be implemented easily.

The H8/538 and H8/539 are available with mask-programmable ROM for full-scale volume
production, and in ZTAT™ (zero turn-around time) versions with on-chip PROM for products
with frequent design changes, or for the early stages of volume production.

This document describes the H8/538 and H8/539 hardware. For further details about the H8/500
CPU instruction set, refer to the H8/500 Series Programming Manual.

Note: ZTAT™ isaregistered trademark of Hitachi, Ltd.
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Section 1 Overview

1.1 Features

The H8/538 and H8/539 are CM OS microcontroller units (MCUSs) with an origina Hitachi
architecture. Each consists of an H8/500 CPU core plus supporting functions required in system
configurations.

The H8/500 CPU features a highly orthogonal instruction set that permits addressing modes and
data sizes to be specified independently in each instruction. Aninternal 16-bit architecture and
16-bit, two-state access to both on-chip memory and external memory enhance the CPU’s data-
processing capability and provide the speed needed for realtime control applications.

The on-chip supporting functions include RAM, ROM, timers, a serial communication interface
(SCI), A/D converter, and I/O ports. An on-chip datatransfer controller (DTC) provides an
efficient way to transfer datain either direction between memory and 1/0O without using the CPU.

For on-chip ROM, a choice is offered between mask-programmable ROM and electrically
programmable ROM (PROM). The PROM version can be programmed by the user with a
general-purpose PROM programmer.

Table 1-1 lists the main features of the H8/538 and H8/539.

Table1-1 Features

Feature Description

H8/500 CPU General-register machine
» Eight 16-bit general registers
« Five 8-bit and two 16-bit control registers

High-speed operation
e Maximum clock rate (H8/538): 10 MHz (oscillator frequency: 20 MHz)
e Maximum clock rate (H8/539): 16 MHz (oscillator frequency: 16 MHz)

Two operating modes
e Minimum mode: maximum 64-kbyte address space
e Maximum mode: maximum 1-Mbyte address space

Highly orthogonal instruction set
» Addressing modes and data size can be specified independently for
each instruction

Register and memory addressing modes
» Register-register operations
« Register-memory (or memory-register) operations

Instruction set optimized for C language
» Special short formats for frequently-used instructions and addressing
modes




Table 1-1 Features (cont)

Feature Description

Memory H8/538
e 2-kbyte high-speed on-chip RAM
« 60-kbyte on-chip electrically programmable ROM or masked ROM
H8/539
e 4-kbyte high-speed on-chip RAM
» 128-kbyte on-chip electrically programmable ROM or masked ROM

16-bit integrated- Pulse unit with seven 16-bit timer channels
timer pulse unit Compare/Capture
(IPV) Channel Compare Registers Registers
Channel 1 4 4
Channels 2to 5 2 2
Channels 6 & 7 — 2

Clock source can be selected independently for each channel
e Thirteen internal clock sources
e Three external clock sources

Two counting modes
e Free-running timer
* Interval timer

Three types of pulse output
* One-shot output

» Toggle output

* PWM output

Automatic measurement functions
« Programmable period counting
« Phase counting

Synchronization function
e Counters on different channels can be synchronized

Serial communication + Asynchronous or clocked synchronous mode (selectable)
interface (SCI) ¢ Full duplex: can send and receive simultaneously

¢ On-chip baud rate generator

* Multiprocessor communication function (asynchronous mode)

A/D converter « Ten-bit resolution
« Twelve channels, single mode or scan mode selectable
¢ Can be triggered externally, or by IPU compare match
« Selectable voltage conversion range




Table1-1 Features (cont)

Feature

Description

I/O ports

e 74 input/output pins
e 12 input-only pins

Interrupt controller
(INTC)

 Five external interrupt pins (NMI, IRQg to IRQ3)
 Thirty-nine internal interrupt sources
« Eight programmabile priority levels

Data transfer
controller (DTC)

» Can transfer data in both directions between memory and /O
without using the CPU

Walit-state
controller (WSC)

» Can insert wait states (Tyy) in access to external /O or memory

Bus controller (BSC)

» Address space can be partitioned into 16-bit-bus and 8-bit-bus areas

» Address space can be partitioned into two-state-access and three-
state-access areas

» 1/O ports can be expanded and reconfigured

Operating modes

Seven operating modes

1. High-speed 16-bit bus modes, starting in 2-state 16-bit mode at reset
* Expanded minimum mode (mode 1)
« Expanded maximum modes (modes 3 and 4)

2. Low-speed 16-bit bus modes, starting in 3-state 8-bit mode at reset
« Expanded minimum mode (mode 6)
* Expanded maximum mode (mode 5)

3. Low-speed 8-bit bus mode
« Expanded minimum mode (mode 2)

4. Single-chip mode
H8/539
¢ Maximum mode (mode 7)
H8/538
e Minimum mode (mode 7)

Power-down state

Three power-down modes
» Sleep mode

» Software standby mode
» Hardware standby mode

Watchdog timer
(WDT)

» Timer overflow can generate reset output
» Also usable as an interval timer

PWM timer* » Duty cycle: 0% to 100%
* Resolution: 1/250
Multiplier* » 16 bit x 16 bit signed or unsigned multiplication
(H8MULT) * Multiply-accumulate: 32 bits (saturating); 42 bits (non-saturating)

Other features

» On-chip clock oscillator

Note: * H8/539 only.



Table 1-1 Features (cont)

Feature Description

Product lineup Model Package ROM
HD6475388F 112-pin plastic QFP (FP-112) PROM
HD6435388F 112-pin plastic QFP (FP-112) Masked ROM
HD6475398F 112-pin plastic QFP (FP-112) PROM
HD6435398F 112-pin plastic QFP (FP-112) Masked ROM




1.2 Block Diagram

Figures 1-1 and 1-2 show block diagrams of the H8/538 and H8/539.
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1.3 Pin Descriptions
1.3.1 Pin Arrangement

Figure 1-3 shows the pin arrangement of the H8/538 (FP-112 package). Figure 1-4 shows the pin
arrangement of the H8/539 (FP-112 package).
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1.3.2 Pin Functions

(1) Pin Assignmentsin Each Operating Mode: Table 1-2 lists the assignments of the pins of the
FP-112 package in each operating mode. H8/538 and H8/539 pin functions are the same unless
otherwise noted.

Table1-2 Pin Assignmentsin Each Operating Mode (FP-112)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes PROM
No. land 6 Mode 2 3and5 Mode 4 Mode 7 Mode
1 Vee Vee Vee Vee Vee Vee
2 P5¢/TLIOC; P5,/T1I0C; P5y/T1IOC; P5,/T1I0C; P5y/T1IOC;  NC
3 P5,/T1IOC, P5,/T1lI0C, P5,/T1IOC, P5;/T1l0C, P5,/TlIOC, NC
4 P5,/TLIOC; P5,/T1IOC; P5,/T1IOC; P5,/T1IOC; P5,/T1LIOC;  NC
5 P53/T1IOC, P55/T1I0C, P54/T1I0C, P55/T1I0C, P54/T1I0C, NC
6 P5,/T210C; P5,/T2I10C; P5,/T2I0C; P5,T2I0C; P5,/T2I0C;  NC
7 P55/T2I0C, P55/T2I0C, P5g/T210C, P55/T2I0C, P55/T2I0C, NC
8 P5¢/T3IOC;  P54/T3I0C; P54/T3I0OC; P54/T3I0C; P5¢/T3I0C; NC
9 P5,/T3I0C, P5,/T3I0C, P54/T3I0C, P5,/T3I0C, P54/T3I0C, NC
10 Vss Vss Vss Vss Vss Vss
11 P4/TAIOC,;  P4yTAIOC; P4y/TAIOC,; P4y/T4IOC; P4y/T4IOC;  NC
12 P4,/TAIOC, P4,/TAIOC, P4,/TAIOC, P4,/T4l0C, P4,/TAIOC, NC
13 P4,/T510C;  P4,/T510C;  P4,/T510C;  P4,/T510C;  P4,/T510C, NC
14 P45/T5I0C, P45/T510C, P44/T5I0C, P4,/T510C,  P44/T510C,  NC
15 P4,/T6IOC, P4,T6l0C; P4,/T6IOC, P4,T6l0C; P4,/T6lI0C; NC
16 P45/T6IOC, P45/T6I0C, P45/T6I0C, P45/T6I0OC, P45/T6l10C, NC
17 P4g/T7IOC,; P4g/T7I0C; P44/T7IOC; P4g/T7I0C;  P4¢/T710C;  NC
18 P4,/T7I0C, P4,/T710C, P4,/T7I0C, P4,/T710C, P44/T710C,  NC
19 RESO RESO RESO RESO RESO Vpp
20 P3y/TIOC;  P3,/T1I0C; P3y/TIOC; P3,/T1I0C;  P3,/T10C,; NC
21 P3,/T1OC, P3,/T10C, P34/T10C, P3,/T10C, P3,/T10C, NC
22 P3,/TIOC; P3,/T1I0OC; P3,/TIOC; P3,/T10C; P3,/T10C3 NC
23 P3,/TIOC, P35/T10C, P34/T1IOC, P33T10C, P34/T10C, NC

Notes: 1. For the PROM mode, see section 18, “ROM.”

2. Pins marked NC should be left unconnected.



Table1-2 Pin Assignmentsin Each Operating M ode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes PROM

No. land6 Mode 2 3and5 Mode 4 Mode 7 Mode
24 P3,T20C,  P3,T20C, P3,T20C, P3,T20C, P3,T20C,  NC
25 P3/T20C, P35T20C, P35T20C, P35T20C, P35T20C,  NC
26 Vss Vss Vss Vss Vss Vss
27 Do P2, Do Do P2, NC
28 D, P2, D, D, P2, NC
29 D, P2, D, D, P2, NC
30 Ds P2, Ds Ds P2, NC
31 D, P2, D, D, P2, NC
32 Ds P2s Ds Ds P2s NC
33 De P2 De De P2 NC
34 D, P2, D, D, P2, NC
35 Vss Vss Vss Vss Vss Vss
36 Dg Dg Dg Dg P1, O
37 Do Do Do Do P1, 0,
38 D1o D10 D1o D1o P1, 0,
39 D1y Dy D1y D1y P1; O3
40 D1p D1, Dio D1p Pl 04
41 D13 Di3 D13 D13 Pls Os
42 D14 Diq D14 D1g Plg O6
43 D1s D1s Dis D1s Pl 07
44 Vee Vee Vee Vee Vee Vee
45 Ag PCo/Ag Ag PColAg PCq Ag
46 A PC./AL Al PC1/A; PC, Al
47 A, PC,/A, A, PC,/A, PC, A,
48 Az PC3/A; Az PC3/A; PCs3 Az
49 A, PC,/A, A, PC,/A, PC, A,
50 As PCo/As As PCo/Ag PCs As

Notes: 1. For the PROM mode, see section 18, “ROM.”
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2. Pins marked NC should be left unconnected.



Table1-2 Pin Assignmentsin Each Operating Mode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes PROM
No. land 6 Mode 2 3and5 Mode 4 Mode 7 Mode
51 Ag PCg/Ag Ag PCg/Ag PCg Ag
52 A; PC-/A; A, PC./A, PC, A,
53 Vss Vss Vss Vss Vss Vss
54 Ag PBy/Ag Ag PBy/Ag PBy Ag
55 Ag PB1/Aq Ag PB1/Ag PB,; OE
57 A1 PB3/A1; A1 PB3/A1; PBs3 A1
58 A PB,/A;> Asp PB,/A1> PB, Asp
61 Ass PB,/Ass5 A5 PB,/Ass5 PB, CE
62 PAG/TA0C,/  PAYT4A0C,/ Asg PAG/A¢/ PA(/T40C;/  Vcc
PW,*3 PW,*3 PW,*3 PW,*3
63 PA,/TA0C,/  PAJ/TAOC,/ A4, PA, /A PA,/T4A0C,/  Vcc
PW,"3 PW,"3 PW,"3 PW,"3
64 PA,/T50C,/  PA,/T50C,/ Asg PAL/A g/ PA,/T50C,/  NC
PW;*3 PW3*3 PW;*3 PW,*3
65 PA3/TSOC,/  PAGIT50C,/  Aqg PAS/Ao/ PA4/T50C,/  NC
SCK3'3 SCK3*3 SCK3*3 SCK3*3
66 PA/WAIT PAL/WAIT PA/WAIT PA/WAIT PA, A
67 PAs/BREQ/  PAs/BREQ/  PAs/BREQ/  PAs/BREQ/ PA5/T30C,/ NC
T30C;/RXD3"3T30C;/RXD3*3 T30C,/RXD5"3 T30C,/RXD3*3 RXD3*3
68 PAg/BACK/ PAg/BACK/ PAg/BACK/ PAg/BACK/ PAg/T30C,/ NC
T30C,/TXD3"3 T3OC,/TXD3"3 T30C,/TXD3*3 T30C,/TXD5*3 TXD3*3
69 ] [4] [7] [} [7] NC
70 STBY STBY STBY STBY STBY Vss
71 RES RES RES RES RES Vgg
72 NMI NMI NMI NMI NMI Ag

Notes: 1. For the PROM mode, see section 18, “ROM.”
2. Pins marked NC should be left unconnected.
3. Inthe H8/538, port A does not have the PW; to PW3;, SCK3, RXD3, and TXD3

functions.
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Table1-2 Pin Assignmentsin Each Operating M ode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes PROM
No. land6 Mode 2 3and5 Mode 4 Mode 7 Mode
73 Vss Vss Vss Vss Vss Vss
74 EXTAL EXTAL EXTAL EXTAL EXTAL NC
75 XTAL XTAL XTAL XTAL XTAL NC
76 Vee Vee Vee Vee Vee Vee
77 AS AS AS AS AS NC
78 RD RD RD RD RD NC
79 HWR HWR HWR HWR HWR NC
80 LWR LWR LWR LWR LWR NC
81 MD, MD, MD, MD, MD, Vss
82 MD, MD, MD, MD, MD, Vss
83 MD, MD, MD, MD, MD, Vss
84 AVce AVce AVce AVce AVce Vee
85 VREF VREF VREF VREF VREF Vee
86 P9o/ANy P9o/ANg P9o/AN, P9o/ANy P9o/AN, NC
87 P9,/AN; P9,/AN; P9,/AN; P9,/AN; P9,/AN; NC
88 P9,/AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN, NC
89 P93/AN; P93/AN; P93/AN; P93/AN; P93/AN; NC
90 P9,/AN, P94/AN, P94/AN, P9,/AN, P94/AN, NC
91 P95/ANg P95/ANg P95/ANg P95/ANg P95/ANg NC
92 P96/ANg P96/ANg P96/ANg P96/ANg P96/ANg NC
93 P9,/AN; P9,/AN; P9,/AN; P9,/AN; P9,/AN; NC
94 P8y/ANg P8o/ANg P8y/ANg P8o/ANg P8y/ANg NC
95 P8,/ANg P8,/ANg P8,/ANg P8,/ANg P8,/ANg NC
9% P8,/AN1, P8,/AN1 P8,/AN; P8,/AN1, P8,/AN;q NC
97 P83/AN;; P83/AN;; P83/AN;; P83/AN;; P83/AN;; NC
98 AVgg AVgg AVsg AVgg AVsg Vss
99 Vss Vss Vss Vss Vss Vss

Notes: 1. For the PROM mode, see section 18, “ROM.”
2. Pins marked NC should be left unconnected.
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Table1-2 Pin Assignmentsin Each Operating Mode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes PROM
No. land 6 Mode 2 3and5 Mode 4 Mode 7 Mode
100 P70/IRQq P74/IRQq P74/IRQq P70/IRQq P74/IRQq As
101 P7,/1RQ,/ P7./1RQ4/ P7./1RQ4/ P7./1RQ,/ P7./1RQ4/ PGM
ADTRG ADTRG ADTRG ADTRG ADTRG
102 P7,/TXD; P7,/TXD; P7,/TXD; P7,/TXD; P7,/TXD; NC
103 P75/RXDq P7:/RXDq P75/RXD; P75/RXDq P73/RXD; NC
104 P74TXD, P74TXD, P7,TXD, P74TXD, P7,TXD, NC
105 P75/RXD, P75/RXD, P75/RXD, P75/RXD, P75/RXD, NC
106 P74/SCK4/ P7¢/SCK,/ P74/SCK;/ P74/SCK4/ P75/SCK4/ NC
PW;*3 PW,*3 PW,*3 PW;*3 PW,*3
107 P74/SCKy/ P72/SCK,/ P74/SCKy/ P74/SCKy/ P72/SCKy/ NC
PW,*3 PW,*3 PW,*3 PW,*3 PW,*3
108 P6/IRQ,/ P6o/IRQ,/ P6¢/IRQ,/ P6¢/IRQ,/ P6o/IRQ,/ NC
PWS;3*3 PwW;*3 PW3*3 PWS;3"3 PW3*3
109 P6,/IRQ3 P6,/IRQ3 P6,/IRQ3 P6,/IRQ3 P6,/IRQ3 NC

110 P6,/TCLK, P6,/TCLK, P6,/TCLK, P6,/TCLK, P6,/TCLK, NC

111 P64TCLK, P6y/TCLK,  P6y/TCLK, P64TCLK,  P65/TCLK, NC

112 P64TCLK; P64/ TCLK; P64 TCLK;  P6,TCLK;  P6,/TCLKg NC

Notes: 1. For the PROM mode, see section 18, “ROM.”
2. Pins marked NC should be left unconnected.
3. Inthe H8/538, port 7 does not have the PW; and PW, functions, and port 6 does not
have the PW5 function.
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(2) Pin Functions: Table 1-3 indicates the function of each pin. H8/538 and H8/539 pin functions
are the same unless otherwise noted.

Table 1-3 Pin Functions

Type Symbol Pin No. 1/0 Name and Function

Power Vee 1,44,76 Input Power: Connected to the power supply (+5 V).
Connect all V¢ pins to the +5-V system power
supply. The chip will not operate if any V¢ pin
is left unconnected.

Vss 10, 26, Input Ground: Connected to ground (0 V). Connect
35, 53, all Vgg pins to the 0-V system power supply.
73, 99 The chip will not operate if any Vgg pin is left
unconnected.
Clock XTAL 75 Input Crystal: Connected to a crystal resonator. For

the H8/539, the frequency should be equal to
the desired system clock frequency (@). For the
H8/538, the frequency should be double the @
frequency. If an external clock is input at the
EXTAL pin, input a complementary clock at
XTAL.

EXTAL 74 Input Crystal/external clock: Connected to a crystal
resonator or external clock. For the H8/539, the
frequency should be equal to the desired
system clock frequency (@). For the H8/538, the
frequency should be double the @ frequency.
See section 9.2, “Oscillator Circuit” for
examples of connections at XTAL and EXTAL.

[} 69 Output  System clock: Supplies the system clock (@) to
peripheral devices.
System BACK 68 Output  Bus request acknowledge: Indicates that the
control bus right has been granted to an external

device. A device requesting the bus sends a
BREQ signal to the microcontroller. The
microcontroller replies with a BACK signal.

BREQ 67 Input Bus request: Sent by an external device to the
microcomputer chip to request the bus right.
Granting of the bus is indicated by the BACK
signal.

STBY 70 Input Standby: Input pin for transition to the
hardware standby mode (a power-down state).

s}
m
(7]

71 Input Reset: Input pin for transition to the reset state.

14



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. I/0 Name and Function

Address A10-Ao 65-54, Output  Address bus: Address output pins.

bus 52-45

Data bus  D;5-Dg 43-36, Input/ Data bus: Sixteen-bit bidirectional data bus.
34-27 Output

Bus WAIT 66 Input Wait: Requests insertion of wait states (Tyy) in

control external-device access cycles by the CPU;

signals used for interfacing to low-speed external

devices.

AS 1 Output  Address strobe: Indicates valid address output
on the address bus during external-device
access.

RD 78 Output  Read: Indicates reading of data from the data
bus during external-device access. The CPU
latches read data at the rising edge of RD.

HWR 79 Output  High write: Indicates output of data on the
upper data bus (D45 to Dg) during external-
device access.

LWR 80 Output  Low write: Indicates output of data on the
lower data bus (D7 to Dg) during external-device
access.

Interrupt NMI 72 Input Nonmaskable interrupt: Nonmaskable
signals interrupt request signal. The input edge can be
selected in the NMI control register (NMICR).

IRQq 100 Input Interrupt request 0 to 3: Maskable interrupt

IRQq 101 request signals. The type of input can be

IRQ, 108 selected in the IRQ control register (IRQCR).

IRQ3 109

15



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 1/0 Name and Function
Operating MD, 83 Input Mode 2 to mode O: Input pins for setting the
mode MD, 82 operating mode. The following table lists the
control MDg 81 operating modes and bus widths.
H8/539
H8/500
CPU Exter-
Mode Inputs  operating Operating On-Chip nal
MD, MD; MD, Mode Mode ROM Bus

0 0 0 Do not use
0 0 1 Mode 1 Expanded Disabled 16 bits

minimum
0 1 0 Mode 2 Expanded Enabled 8 bits
minimum
0 1 1 Mode 3 Expanded Disabled 16 bits
maximum
1 0 0 Mode 4 Expanded Enabled 16 bits
maximum
1 0 1 Mode 5 Expanded Disabled 16 bits
maximum
1 1 0 Mode 6 Expanded Disabled 16 bits
minimum
1 1 1 Mode 7 Single chip Enabled —
maximum’ 1
Serial TXD4 102 Output  Transmit data 1, 2, and 3*2: Serial data output
commu- TXD, 104 pins for SCI1, SCI2, and SCI3.
nication TXD3 68
interface RXDq 103 Input Receive data 1, 2, and 3*2; Serial data input
(sCh) RXD, 105 pins for SCI1, SCI2, and SCI3.
RXD3 67
SCK; 106 Input/ Serial clock 1, 2, and 3*2: Serial clock
SCK, 107 Output  input/output pins for SCI1, SCI2, and SCI3.
SCK;3 65 Used for input and output of the serial clock in
clocked synchronous mode, and of the SCI
operating clock in asynchronous mode.
PWM PW, 62 Output  PWM1, PWM2, and PWM3 output: Output
timer*3 106 pins for PWM1, PWM2, and PWM3.
PW, 63 Output
107
PW; 64 Output
108

Notes: 1. Minimum mode in the H8/538.
2. The H8/538 does not have TXD3, RXD3, and SCKj.
3. The H8/538 does not have PW, to PW3.
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. I/0 Name and Function
16-bit T1l0Cq 2 Input/ Input capture/output compare 1to 4
integrated- T110C, 3 Output  (channel 1): Input capture or output compare
timer pulse T110C3 4 pins for IPU channel 1.
unit (IPU)  T1I0C, 5
T10C, 20 Output  Output compare 1to 4 (channel 1): Output
T10C, 21 compare pins for IPU channel 1.
T10C, 22
T10C, 23
T210C;q 6 Input/ Input capture/output compare 1 and 2
T210C, 7 Output  (channel 2): Input capture or output compare
pins for IPU channel 2.
T20C, 24 Output  Output compare 1 and 2 (channel 2): Output
T20C, 25 compare pins for IPU channel 2.
T3I0C, 8 Input/ Input capture/output compare 1 and 2
T3I0C, 9 Output  (channel 3): Input capture or output compare
pins for IPU channel 3.
T30C, 67 Output  Output compare 1 and 2 (channel 3):
T30C, 68 Output compare pins for IPU channel 3.
T4l10Cq 11 Input/ Input capture/output compare 1 and 2
T410C, 12 Output  (channel 4): Input capture or output compare
pins for IPU channel 4.
T40C, 62 Output  Output compare 1 and 2 (channel 4): Output
T40C, 63 compare pins for IPU channel 4.
T510C, 13 Input/ Input capture/output compare 1 and 2
T510C, 14 Output  (channel 5): Input capture or output compare
pins for IPU channel 5.
T50C, 64 Output  Output compare 1 and 2 (channel 5): Output
T50C, 65 compare pins for IPU channel 5.
T610C, 15 Input/ Input capture/output compare 1 and 2
T6l10C, 16 Output  (channel 6): Input capture or output compare
pins for IPU channel 6.
T710C, 17 Input/ Input capture/output compare 1 and 2
T710C, 18 Output  (channel 7): Input capture or output compare
pins for IPU channel 7.
TCLK; 110 Input Timer clock 1 to 3 (all channels): IPU
TCLK, 111 external clock input pins. All channels can
TCLKj3 112 select these clock inputs.
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Table 1-3 Pin Functions (cont)

Type Symbol

Pin No.

110

Name and Function

AID AN;;—ANg
converter

97-86

Input

Analog input 11 to 0: Analog input pins for the
A/D converter.

VRer

85

Input

Reference power supply: Input pin for the A/D
converter’s full-scale reference voltage.

AVcce

84

Input

Analog power supply: Power supply pin for
analog circuits in the A/D converter. Connect to
a regulated +5-V analog power supply separate
from the other power supply pins.

AVgg

98

Input

Analog ground: Ground pin for analog circuits
in the A/D converter. Connect to a regulated
0-V analog power supply separate from the
other power supply pins.

ADTRG

101

Input

A/D trigger: Trigger input for starting A/D
conversion. Conversion is triggered by the
falling edge of ADTRG.

Watchdog RESO
timer

19

Output

Reset output: If reset output is selected, a low
pulse is output for 132 cycles when the
watchdog timer overflows. RESO is an open-
drain output pin and should be pulled up to
Ve (#5 V) externally, regardless of whether
reset output is selected or not.

/O ports Pl;,-Pl,

43 -36

Input/
Output

Port 1: 8-bit input/output port. The direction of
each bit can be selected in the port 1 data
direction register (P1DDR).

P2, P2,

34-27

Input/
Output

Port 2: 8-bit input/output port. The direction of
each bit can be selected in the port 2 data
direction register (P2DDR).

P35— P3,

25-20

Input/
Output

Port 3: 6-bit input/output port. The direction of
each bit can be selected in the port 3 data
direction register (P3DDR). LEDs can be
driven directly (10-mA sink).

P4, — P4,

18-11

Input/
Output

Port 4: 8-bit input/output port with Schmitt-
trigger inputs. The direction of each bit can be
selected in the port 4 data direction register
(P4ADDR).

P5,— P5,

Input/
Output

Port 5: 8-bit input/output port with Schmitt-
trigger inputs. The direction of each bit can be
selected in the port 5 data direction register
(P5DDR). LEDs can be driven directly (10-mA
sink).

18



Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 1/0 Name and Function
I/O ports P6,— P6q 112-108 Input/ Port 6: 5-bit input/output port. The direction of
Output  each bit can be selected in the port 6 data
direction register (P6DDR).
P7;—-P7q 107-100 Input/ Port 7: 8-bit input/output port. The direction of
Output  each bit can be selected in the port 7 data
direction register (P7DDR).
P8;— P8 97 — 94 Input Port 8: 4-bit input port.
P9; - P9q 93 - 86 Input Port 9: 8-bit input port.
PAg — PAg 68 — 62 Input/ Port A: 7-bit input/output port. The direction
Output  of each bit can be selected in the port A data
direction register (PADDR).
PB; - PBg 61-54 Input/ Port B: 8-bit input/output port with MOS input
Output  pull-up transistors. The direction of each bit
can be selected in the port B data direction
register (PBDDR).
PC,—-PC, 52-45 Input/ Port C: 8-bit input/output port with MOS input
Output  pull-up transistors. The direction of each bit

can be selected in the port C data direction
register (PCDDR).
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Section 2 Operating Modes

2.1 Overview
2.1.1 Selection of Operating Maode
The H8/538 and H8/539 have seven operating modes (modes 1 to 7).

Modes 1 to 6 are externally expanded modes in which external memory and peripheral devices can
be accessed. Modes 1, 2, and 6 are expanded minimum modes, supporting a 64-kbyte address
space. Modes 3, 4, and 5 are expanded maximum modes, supporting a maximum 1-Mbyte
address space.

Mode 7 isasingle-chip mode: all ports are available for general-purpose input and output, but
external addresses cannot be used. Mode 7 is a minimum mode in the H8/538, and a maximum
mode in the H8/539.

Mode 0 is reserved for future use and must not be selected in the H8/538 or H8/539.

Both the pin functions and address space vary depending on the mode. Table 2-1 summarizes the
selection of operating modes.

Table2-1 Operating Mode Selection

MCU CPU
Operating Operating On-Chip On-Chip Data Bus
Mode MD, MD; MD, Description Mode RAM ROM Width
Mode 0 0 0 0 — — — — —
Mode 1 0 0 1 Expanded Minimum Enabled*l  Disabled 16 bits
minimum mode
mode
Mode 2 0 1 0 Expanded Minimum  Enabled*?  Enabled 8 bits
minimum mode
mode
Mode 3 0 1 1 Expanded Maximum  Enabled*l  Disabled 16 bits
maximum mode
mode
Mode 4 1 0 0 Expanded Maximum  Enabled*l  Enabled 16 bits
maximum mode
mode
Mode 5 1 0 1 Expanded Maximum  Enabled*?  Disabled 16 bits*2
maximum mode
mode
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Table2-1 Operating M ode Selection (cont)

MCU CPU
Operating Operating On-Chip On-Chip Data Bus
Mode MD, MD; MDg Description Mode RAM ROM Width
Mode 6 1 1 0 Expanded Minimum  Enabled*l  Disabled 16 bits*2
minimum mode
mode
Mode 7 1 1 1 Single-chip Minimum Enabled Enabled —
mode mode
(H8/538)
Maximum
mode
(H8/539)
Legend
0: Low
1. High
—: Not available

Notes: 1. H8/539:
If RAM enable bits 1 and 2 (RAME1 and RAME2) in the RAM control register (RAMCR)
are cleared to 0, these addresses become external addresses.

H8/538:
If the RAM enable bit (RAME) in the RAM control register (RAMCR) is cleared to 0O,
these addresses become external addresses.

2. Eight-bit three-state-access address space after a reset.
2.1.2 Register Configuration

The MCU operating mode can be monitored in the mode control register (MDCR). Table 2-2
summarizes this register.

Table2-2 Register Configuration

Address Name Abbreviation R/W Initial Value

H'FF19 Mode control register MDCR R Undetermined
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2.2 Mode Control Register

The mode control register (MDCR) is an eight-bit register that indicates the current operating
mode of the H8/538 or H8/539. The MDCR hit structure is shown next.

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — |wmps2|wmpst| wmpso |
Initial value 1 1 0 0 0 —* —* —*
RIW N R R

R

L Mode select 2t0 0
Bits indicating the current
operating mode

— Reserved bits

Note: * Determined by pins MD» to MDg. MDCR latches the inputs at the mode pins
(MD> to MDy) at the rise of the RES signal.

(1) Bits7 and 6—Reserved: Read-only bits, alwaysread as 1.
(2) Bits5to3—Reserved: Read-only bits, always read as 0.

(3) Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bits indicate the values of pins
MD, to MDg latched at the rise of the RES signa (the current operating mode).

MDS2 to MDSO0 correspond to MD, to MDy,

MDS2 to MDSO are read-only bits.
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2.3 Operating M ode Descriptions
2.3.1 Mode 1 (Expanded Minimum M ode)

In mode 1 the data busis 16 bitswide. The bus controller’s byte arearegister (ARBT) is enabled
in mode 1, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 1 is 64 kbytes.

The on-chip ROM isdisabled in mode 1.

2.3.2 Mode 2 (Expanded Minimum M ode)

In mode 2 the data busis eight bitswide. The on-chip ROM is enabled.
The maximum address space supported in mode 2 is 64 kbytes.

The bus controller’s byte-area register (ARBT) is disabled in mode 2.
2.3.3 Mode 3 (Expanded Maximum Mode)

In mode 3 the data busis 16 bitswide. The bus controller’s byte arearegister (ARBT) is enabled
in mode 3, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 3 is 1 Mbyte.

The on-chip ROM is disabled in mode 3.
2.3.4 Mode 4 (Expanded Maximum M ode)

In mode 4 the data busis 16 bitswide. The bus controller’s byte arearegister (ARBT) is enabled
in mode 4, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 4 is 1 Mbyte. The on-chip ROM is enabled.

2.3.5 Modes5 and 6

Mode 5 isfunctionally identical to mode 3, and mode 6 is functionally identical to mode 1. When
the chip comes out of reset, however, the bus controller’s byte arearegister (ARBT) isdisabled in
modes 5 and 6 and eight-bit, three-state access is performed throughout the address space. The
byte area register can be enabled by setting the BCRE bit to 1 in the bus control register (BCR).

2.3.6 Mode 7 (Single-Chip M ode)

The external address space cannot be accessed.
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2.4 Pin Functionsin Each Operating M ode

The pin functions of the I/O ports vary depending on the operating mode. Table 2-3 summarizes
the functionsin each mode in the H8/538 and H8/539. Selection of pin functions is described in
section 10, “1/O Ports.”

Table2-3 Pin Functionsin Each Mode

Expanded Minimum Modes Expanded Maximum Modes Single-Chip Mode
Port Modes 1 and 6 Mode 2 Modes 3and 5 Mode 4 Mode 7
Port1 Data bus Data bus Data bus Data bus Input/output
(D15 to Dg) (D15 to Dg) (D15 to Dg) (D15 to Dg) port
Port 2 Data bus Input/output Data bus Data bus Input/output
(D7 to Dg) port (D5 to D) (D5 to D) port
Port 3  Input/output Input/output Input/output Input/output Input/output
port*l port*l port*1 port*l port*l
Port 4  Input/output Input/output Input/output Input/output Input/output
port*l port*1 port*1 port™1 port*l
Port5 Input/output Input/output Input/output Input/output Input/output
port*l port*l port*1 port*l port*l
Port 6 Input/output Input/output Input/output Input/output Input/output
port*4, *6 port*4, *6 port*4, *6 port*4, *6 port*4, *6
IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3
Port 7 Input/output Input/output Input/output Input/output Input/output
port*s, *6 port*s, *6 port*s, *6 port*s, *6 port*s, *6
IRQg, IRQq, IRQg, IRQq, IRQg, IRQq, IRQg, IRQq, IRQg, IRQq,
ADTRG ADTRG ADTRG ADTRG ADTRG
Port 8 Input port*3 Input port*3 Input port*3 Input port*3 Input port*3
Port9 Input port*3 Input port*3 Input port*3 Input port*3 Input port*3
Port A Input/output Input/output Input/output Input/output Input/output
port*2.*4,*6 port*2.*4,*6 port 1 *2,*6 port2 *4,*6 port'2 *4,*6
BREQ, BACK, BREQ, BACK, BREQ, BACK, BREQ, BACK,
WAIT WAIT WAIT, address ~ WAIT, address
bus (Ajgto A1) bus (Ajgto Agg)
Port B Address bus Input port/ Address bus Input port/ Input/output
(A5 to Ag) address bus (Ar5 to Ag) address bus port
(Ag5 10 Ag) (A1 10 Ag)
Port C Address bus Input port/ Address bus Input port/ Input/output
(A7 t0 Ag) address bus (A7 to Ag) address bus port
(A7 to Ao) (A7 to Ao)

Notes on next page.
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Notes: Also used for timer input/output.

Also used for serial communication.

Also used for A/D conversion.

Also used for timer input/output and PWM timer output.
Also used for serial communication and PWM timer output.
The H8/538 does not have the following pin functions:

Port A: PWM timer output, serial communication

Port 7: PWM timer output

Port 6: PWM timer output

oukrwnpE

2.5 Memory Map in Each Mode
2.5.1 H8/538 Memory Maps

Figure 2-1 shows an H8/538 memory map for the expanded minimum modes (modes 1, 6, and 2).
Figure 2-2 shows a memory map for the expanded maximum modes (modes 3, 5, and 4). Figure 2-
3 shows amemory map for single-chip mode (mode 7).

H'0000 H'0000
HooFF | Vectortable | pugopg | Vectortable |
H'0100 H0100
On-chip ROM
External (60 kbytes)
address space
HEETF
H'EE80 External
H'F67F H'F67F | address space
HF680 | on-chip RAM HF680 | on.chip RAM
HEETF (2 kbytes) HEE7E (2 kbytes)
HFESO | on-chip registers H'FEBO | on-chip registers
384 bytes 384 bytes
H'FFFF ( ytes) H'FFFF ( ytes)
Modes 1 and 6 Mode 2

Figure2-1 Memory Map in Expanded Minimum M odes (H8/538)
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H'00000

H'001FF
H'00200

H'OF67F
H'OF680

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

H'FFFFF

4 H'00000
Vector table H'001FE
7777777777 H'00200
External
address space Page 0 HOEETE
H'OEE80
H'OF67F
On-chip RAM H'0F680
(2 kbytes) HOFE7F
On-chip registers H'OFE80
(384 bytes) v H'OFFFF
A H10000
External Page 1
address space
i H'1FFFF
777777777 T H'20000
Pages
21015
L H'FFFFF

Modes 3 and 5

Vector table

On-chip ROM
(60 kbytes)

External
address space

On-chip RAM
(2 kbytes)

On-chip registers
(384 bytes)

External
address space

Mode 4

Page 0

Page 1

Pages
2to 15

Figure2-2 Memory Map in Expanded Maximum M odes (H8/538)

H'0000

H'00FF
H'0100

H'EE7F
H'EE80

H'F67F
H'F680

HFETF
H'FE80

HFFFF

Vector table

On-chip ROM
(60 kbytes)

On-chip RAM
(2 kbytes)

On-chip registers
(384 bytes)

Mode 7

Figure2-3 Memory Map in Single-Chip M ode (H8/538)
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2.5.2 H8/539 Memory Maps

Figure 2-4 shows an H8/539 memory map for the expanded minimum modes (modes 1, 2, and 6).
Figure 2-5 shows a memory map for the expanded maximum modes (modes 3, 4, and 5). Figure 2-
6 shows a memory map for single-chip mode (mode 7).

H'0000 H'0000
HooFF | Vectortable | yyoopp | Vectortable |
H'0100 H'0100
On-chip ROM
External (16 kbytes)
address space
H'3FFF
H'4000 External
H'EE7F H'EE7F address space
HEEB0 | 5n-chip RAM HEE80 |  on.chip RAM
H'EET7E (4 kbytes) H'EE7E (4 kbytes)
H'FE80 On-chip registers H'FE80 On-chip registers
384 bytes 384 bytes
H'FFFF ( ytes) H'FFFF ( ytes)
Modes 1 and 6 Mode 2

Figure2-4 Memory Map in Expanded Minimum M odes (H8/539)
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H'00000

H'001FF
H'00200

H'OEE7F
H'OEE80

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

HFFFFF

Vector table

External
address space

On-chip RAM
(4 kbytes)

On-chip registers
(384 bytes)

External
address space

Modes 3 and 5

Page O

Page 1

Pages
2to 15

H'00000

H'001FF
H'00200

H'O3FFF
H'04000

H'OEE7F
H'OEES80

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

H2FFFF
H'3FFFF

HFFFFF

Vector table

On-chip ROM
(16 kbytes)

External
address space

On-chip RAM
(4 kbytes)

On-chip registers
(384 bytes)

On-chip ROM
(64 kbytes)

On-chip ROM
(64 kbytes)

External
address space

Mode 4

Page O

Page 1

Pages
21015

Figure2-5 Memory Map in Expanded Maximum M odes (H8/539)
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H'00000

Hoo1FF |  Vectortable |
H'00200
On-chip ROM
(16 kbytes)
H'03FFF
H'04000
H'OEE7F
H'OEE80 [  On-chip RAM
HoFe7F | (4 Kbytes)
H'OFE80 . .
On-chip registers
H'OEFEE (384 bytes)
H'10000 .
On-chip ROM
H'1FEFE (64 kbytes)
H'20000 )
On-chip ROM
(64 kbytes)
H'2FFFF

Mode 7

Figure2-6 Memory Map in Single-Chip Mode (H8/539)

30




Section3 CPU

3.1 Overview

The H8/538 and H8/539 have the H8/500 CPU, which is common to all chipsin the H8/500
Family. The H8/500 CPU is a high-speed central processing unit that is designed for realtime
control and supports alarge address space. Its architecture features eight general registers, 16-bit
internal data paths, and an optimized instruction set.

The H8/500 CPU is suitable for control of awide range of medium-scale office and industrial
equipment.

Section 3 summarizes the CPU architecture, instruction set, and operation.

3.1.1 Features

The main features of the H8/500 CPU are listed below.

General-register machine

— Eight 16-bit general registers
— Seven control registers (two 16-bit registers, five 8-bit registers)

High-speed operation: 16 MHz maximum clock rate*

At 16 MHz aregister-register add operation takes only 125 ns.
Note: * 10 MHz for the H8/538.

Maximum address space: 1 Mbyte*

— Managed in 64-kbyte pages
— Four pages available simultaneously: code page, stack page, data page, and extended page.

Note: * The CPU architecture supports up to 16 Mbytes, but the chip has only enough pinsto
address 1 Mbyte.

Two CPU operating modes

— Minimum mode: 64-kbyte address space
— Maximum mode: 1-Mbyte address space

Highly orthogonal instruction set

Addressing modes and data sizes can be specified independently within each instruction.
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* Register and memory addressing modes
Register-register and register-memory (or memory-register) operations are supported.
e Instruction set optimized for C language

In addition to the general registers and orthogonal instruction set, the CPU has special short
formats for frequently-used instructions and addressing modes.

3.1.2 Address Space

The H8/500 CPU has different address spacesin its two operating modes, the minimum mode and
maximum mode. The CPU operating mode is selected by the input at the mode pins (MD,, to
MDy) at areset. Table 3-1 summarizes the CPU operating modes. Figure 3-1 shows a memory
map for the minimum mode. Figure 3-2 shows a memory map for the maximum mode.

Table3-1 CPU Operating Modes

Operating Mode Features

Minimum mode Maximum combined size of program area and data area: 64 kbytes

Maximum mode Maximum combined size of program area and data area: 1 Mbyte
H'0000

Page 0
(64 Kbytes) 64 kbytes

HFFFF

_____________________________

Figure3-1 Memory Map in Minimum Mode
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H'00000

Page 0
(64 kbytes)
Page 1
(64 kbytes)

H'OFFFF
H'10000

H'1FFFF

H'20000 1 Mbyte

H'FO000

Page 15
(64 kbytes)

HFFFFF

Figure3-2 Memory Map in Maximum Mode
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3.1.3 Programming Model

Figure 3-3 shows a programming model of the H8/500 CPU.

15 0
RO
R1
R2
R3
R4
R5
R6 (FP)
R7 (SP)
FP: Frame pointer
SP: Stack pointer
15 0
PC
PC: Program counter
SR
CCR
15 8 7 0
T — — — — b I lp,)— — — — N Z V C]

SR: Status register
CCR: Condition code register

cP |

CP: Code page register

DP |

DP: Data page register

EP |

EP: Extended page register

TP |

TP: Stack page register

BR |

BR: Base register

Figure3-3 Programming Model




3.2 General Registers

The H8/500 CPU has eight 16-bit general registers.
The general registers are described next.

3.2.1 Overview

All eight of the general registers are functionally alike; there is no distinction between data
registers and address registers. When these registers are accessed as data registers, either byte or
word size can be selected.

When these registers are accessed as address registers, word size isimplicitly assumed.
3.2.2 Register Configuration

Figure 3-4 shows the general register configuration.

15 0
RO
R1
R2
R3
R4
R5
R6 (FP)
R7 (SP)

FP: Frame pointer
SP: Stack pointer

Figure 3-4 General Register Configuration
3.2.3 Stack Pointer

R7 functions as the stack pointer (SP), and is used implicitly in exception handling and subroutine
cals. Itisalso used implicitly in pre-decrement or post-increment mode by the LDM and STM
instructions, which load and store multiple registers on the stack.

3.2.4 Frame Pointer
R6 functions as a frame pointer (FP). The LINK and UNLK instructions use R6 implicitly to

reserve or release a stack frame.
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3.3 Control Registers

The H8/500 CPU has two control registers.

The control registers are described next.

3.3.1 Overview

The control registers include a 16-bit program counter and a 16-bit status register.
The program counter and status register are described next.

3.3.2 Register Configuration

Figure 3-5 illustrates the program counter and status register.

PC

PC: Program counter

SR

CCR

15 8 7 0
T —— — — b L hpi'— — — — N Z V C

SR: Status register
CCR: Condition code register

Figure3-5 Program Counter and Status Register
3.3.3 Program Counter

The 16-bit program counter (PC) indicates the address of the next instruction the CPU will
execute.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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3.3.4 Status Register

The 16-bit status register (SR) contains status flags that indicate the internal state of the CPU.

CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

sr [T —[—[—I-[rlnlw[-[-]-[-[n]z[v]c]
—[—ECarryﬂag
Overflow flag

Zero flag

Negative flag
Reserved bits
L Interrupt mask bits

— Reserved bits

— Trace bit

The lower eight bits of the status register are referred to as the condition code register (CCR).
Byte access to the CCR is possible.

(1) Bit 15—Trace (T): Selects trace mode.

Bit 15

T Description

0 Instructions are executed in succession (initial mode after reset)

1 Trace exception handling starts after each instruction (trace mode)

For information about trace exception handling, see section 4.4, “ Trace.”
(2) Bits14to 11—Reserved: Read-only bits, alwaysread as 0.

(3) Bits10to 8—Interrupt mask (I, 14, I g): These bitsindicate the interrupt request mask level
(Oto 7) of the program that is currently executing. Table 3-2 explains the interrupt request mask
levels.
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Table 3-2 Interrupt Mask Levels

Interrupt Mask

Level Priority Acceptable Interrupts
High NMI

N
=
S

Level 7 and NMI

Levels 6 to 7 and NMI

Levels 5 to 7 and NMI

Levels 4 to 7 and NMI

Levels 3 to 7 and NMI

Levels 2 to 7 and NMI

O|o|Co|O|FR,|FP|FP|F
OO |k, |k | OO (kR |k
O|Fr | O|FP | O|Fr |O|Fr
ORPrIN W I O6|O |

Low Levels 1 to 7 and NMI

The CPU accepts only interrupts higher than the interrupt mask level. NMI (level 8) is accepted at
any interrupt mask level. After accepting an interrupt, the H8/500 CPU updates |5, 14, and 1o to
the level of the interrupt. Table 3-3 indicates the values of the interrupt mask bits after an interrupt
isaccepted. A reset setsall three interrupt mask hitsto 1.

Table3-3 Interrupt Mask Bits(l,, I, o) after an Interrupt is Accepted

Interrupt Mask

Level of Interrupt Accepted

N
=
S

NMI (8) 1 1 1
7 1 1 1
6 1 1 0
5 1 0 1
4 1 0 0
3 0 1 1
2 0 1 0
1 0 0 1
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(4) Bits7to4—Reserved: Read-only bits, alwaysread as 0.
(5) Bit 3—Negative (N): The most significant data bit, regarded asasign bit.
(6) Bit 2—Zero (Z): Setto 1to indicate zero data and cleared to O at other times.

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

(8) Bit 0—Carry (C): Setto 1 when acarry or borrow occurs at the most significant data bit and
cleared to O at other times.

The specific changes that occur in the condition code bits when each instruction is executed are
listed in Appendix A.1 “Instruction Tables” See the H8/500 Series Programming Manual for
further details.
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3.4 Page Registers

The H8/500 CPU has four page registers.
The page registers are described next.
3.4.1 Overview

All page registers are eight-bit registers.

The four page registers are the code page register (CP), data page register (DP), extended page
register (EP), and stack page register (TP).

The page registers are not used to calcul ate effective addresses in minimum mode. In maximum
mode, the page registers combine with the program counter and general registers to generate 24-
bit effective addresses as shown in figure 3-6, thereby expanding the program area, data area, and
stack area.

Page register General register
8 bits - 16 bits .
cp | | PC |
| RO |
| R1 |
DP < | R2 |
| R3 |
| @aa:16 |
| R4 |
| EP |
| RS |
| R6 |
| ™ |
| R7 |

24 bits (effective address)

Figure3-6 Combinations of Page Registerswith PC and General Registers
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3.4.2 Register Configuration

Figure 3-7 shows the page registers.

7 0
| cp |

CP: Code page register

| DP |
DP: Data page register
| EP |
EP: Extended page register
| il |

TP: Stack page register

Figure3-7 Page Registers
3.4.3 Code Page Register

The code page register (CP) combines with the program counter to generate a 24-bit program code
address. CP contains the upper eight bits of the address.

In maximum mode, CPisinitialized at areset to avalue loaded from the vector table, and CP and
PC are both saved and restored in exception handling.

The LDC instruction can be used to modify the CP contents.
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3.4.4 Data Page Register

The data page register (DP) combines with general registers RO to R3 to generate a 24-hit
effective address. DP contains the upper eight bits of the address.

DPisused to calculate effective addresses in register indirect addressing mode using RO to R3,
and in absolute addressing mode (but not short absolute addressing mode).

The LDC instruction can be used to modify the DP contents.
3.4.5 Extended Page Register

The extended page register (EP) combines with general register R4 or R5 to generate a 24-bit
operand address. EP contains the upper eight bits of the address.

EP is used to calculate effective addresses in register indirect addressing mode using R4 or R5.
The LDC instruction can be used to modify the EP contents.
3.4.6 Stack Page Register

The stack page register (TP) combines with R6 (SP) or R7 (FP) to generate a 24-bit stack address.
TP contains the upper eight bits of the address.

TP isused to calculate effective addresses in the register indirect addressing mode using R6 or R7,
in exception handling, and in subroutine cals.

The LDC instruction can be used to modify the TP contents.
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3.5 Base Register

The H8/500 CPU has one 8-bit base register.
The base register is described next.

3.5.1 Overview

The eight-bit base register (BR) stores the base address used in short absolute addressing mode
(representing the upper eight bits of an addressin page 0). Figure 3-8 illustrates the base register
and short absolute addressing mode. In this addressing mode a 16-bit effective addressis
generated by using the BR contents as the upper eight bits and an address given in the instruction
code as the lower eight bits. The short absolute addressing mode always addresses page 0.

The LDC instruction can be used to modify the BR contents.

8 bits 8 bits

BR | | @aa:8

A
Y

16 bits (effective address)

Figure 3-8 Short Absolute Addressing M ode and Base Register
3.5.2 Register Configuration

Figure 3-9 shows the base register.

BR

Figure3-9 Base Register
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3.6 Data Formats

The H8/500 CPU can process five types of data: one-bit data, four-bit BCD data, eight-bit (byte)
data, 16-bit (word) data, and 32-bit (longword) data. Bit manipulation instructions operate on
one-hit data. Decimal arithmetic instructions operate on four-bit BCD data. All instructions
except certain arithmetic and data transfer instructions can operate on byte and word data.
Multiply and divide instructions operate on longword data.

The data formats are described next.
3.6.1 Data Formatsin General Registers

Table 3-4 indicates the data formats in general registers. All sizes of data can be stored: one-bit
data, four-bit BCD data, eight-bit (byte) data, 16-bit (word) data, and 32-bit (longword) data.

In addressing of one-bit data, bit 15 isthe most significant bit and bit 0 is the least significant bit.
BCD and byte data are stored in the lower eight bits of ageneral register. All 16 bits of a general
register are used to store word data. Two general registers are used for longword data: the upper
16 bits are stored in Rn (n must be an even number); the lower 16 bits are stored in Rn+1.

Operations performed on BCD data or byte data do not alter the upper eight bits of the register.

Table 3-4 General Register Data Formats

Data Type Register No. Data Structure

One bit Rn 15 0

115]14 |13 [12[11]10|9 |8 |7 |6 |5 |4 [3[2]1 0|

BCD RN ; 43 0

‘ Don't care ‘ Upper digit ‘ Lower digit ‘

Byte Rn 7 0

Don't care [msB LSB|

Word Rn 15 0

| MsB LSB|

Longword*  Rn 31 16
Rn+1 MSB Upper 16 bits

Lower 16 bits LSB

15 0

Note: * For longword data n must be even (0, 2, 4, or 6).
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3.6.2 Data Formatsin Memory
Table 3-5 indicates the data formats in memory.

Instructions that access bit datain memory have byte or word operands. The instruction specifies
abit number to indicate a specific bit in the operand.

Access to word datain memory must always begin at an even address. Access to word data
starting at an odd address causes an address error. The upper eight bits of word data are stored in
address n (where n is an even number); the lower eight bits are stored in address n + 1.

Table3-5 Data Formatsin Memory

Data Type Data Format

One bit (in byte operand data)

Addessn |7 [6]5]4]8]2]1]0]

o~

One bit (in word operand data)

Even address 15114 |13 |12 (11 (10| 9 | 8
Odd address 716 |54 ]3] 2

))

Byte
Address n MSB LSB
Word i
Even address |MSB Upper 8 bits
Odd address Lower 8 bits LSB

‘23

g

3.6.3 Stack Data Formats
Table 3-6 shows the data formats on the stack.

When the stack is accessed in exception processing (to save or restore the program counter, code
page register, or status register), word access is always performed, regardless of the actual data
size. Similarly, when the stack is accessed by an instruction using the pre-decrement or post-
increment register indirect addressing mode specifying R7 (@-R7 or @R7+), which is the stack
pointer, word access is performed regardless of the operand size specified in the instruction.
Programs should be coded so that the stack pointer always indicates an even address. An address
error will occur if the stack pointer indicates an odd address.
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Table 3-6 Data Formats on the Stack

Data Type Data Format
Byte data on stack

Even address Undetermined data

Odd address MSB LSB
Word data on stack ;

Even address | MSB Upper 8 bits

Odd address Lower 8 bits LSB

T T

3.7 Addressing Modes and Effective Address Calculation

The H8/500 CPU supports seven addressing modes.

These modes and the corresponding effective address cal cul ations are described next.
3.7.1 Addressing Modes

The seven addressing modes supported by the H8/500 CPU are:

Register direct

Register indirect

Register indirect with displacement

Register indirect with pre-decrement or post-increment
Immediate

Absolute

PC-relative

No ok wbdpE

Dueto the highly orthogonal nature of the instruction set, most instructions having operands can
use any applicable addressing mode from 1 through 6. The PC-relative mode 7 is used by
branching instructions.

In most instructions, the addressing mode is specified in the effective address (EA) field and
effective address extension (if present).

Table 3-7 indicates how the addressing mode is specified in the effective address field.
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(1) Register Direct Addressing Mode: The contents of a general register Rn are used directly as
operand data. This addressing mode is specified by giving the general register name.

Register direct addressing mode

Rn

L

(2) Register Indirect Addressing Mode: The contents of a general register Rn are used as a
memory address, and data access is performed at that memory address. This addressing modeis
specified by giving the general register name with an address qualifier (@).

General register name

Register indirect addressing mode

@Rn

[L General register name

Address qualifier

(3) Register Indirect Addressing M ode with Displacement: A displacement value is added to
the contents of ageneral register Rn, the sum is used as a memory address, and data accessis
performed at that memory address. This addressing mode is specified by giving the genera
register name with the address qualifier (@) and an 8-bit or 16-bit displacement value.

Register indirect addressing mode with displacement

@(disp:8, Rn) 0 @(disp:16, Rn)

r
1 General register name
8-bit displacement (with :8) 16-bit displacement (with :16)

Address qualifier

(4) Register Indirect Addressing M ode with Pre-Decrement or Post-I ncrement: In register
indirect addressing mode with pre-decrement, a general register value is first decremented by —1
or —2, then the result is used as a memory address and data access is performed at that memory
address. In register indirect addressing mode with post-increment, a general register valueis used
asamemory address and data access is performed at that memory address, then the register value
isincremented by 1 or 2. Thisaddressing mode is specified by giving the general register name
with the address qualifier (@) and a plus or minus sign (+ or -).
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Register indirect addressing mode with pre-decrement or post-increment

@-Rn or @Rn+

E General register name —E Plus sign (post-increment)

Minus sign (pre-decrement) General register name

Address qualifier Address qualifier

(5) Immediate Addressing M ode: Eight-hit or 16-bit immediate data given in the instruction are
used directly asthe operand data. This addressing mode is specified by giving the immediate data
with a data qualifier (#).

Immediate addressing mode

#xX:8 or #xx:16

[E 8-bit immediate data [[ 16-bit immediate data

Data qualifier Data qualifier

(6) Absolute Addressing Mode: Data access is performed at a memory address given as a 16-bit
absolute address in the instruction, or given as an eight-bit absolute address in the instruction and
combined with the base register (BR) value. This addressing mode is specified by giving the
absolute address with an address qualifier.

Absolute addressing mode

@aa:16 or @aa:8

[[lG-bit absolute address —[ 8-bit absolute address

(lower 8 bits of address*)
Address qualifier

Address qualifier

* Upper 8 bits are specified by BR

(7) PC-Rélative Addressing Mode: An eight-bit or 16-bit displacement value given in the
instruction is added to the program counter value, the sum is used as a memory address, and this
memory address is moved into the program counter. This addressing mode is specified by giving
the displacement value.

PC-relative addressing mode
disp

L

Displacement
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Table3-7 Addressing M odes

No. Addressing Mode Mnemonic  EA Field EA Extension
1 Register direct Rn None
[1fof1fofszr|r][r]
*1 *2
2 Register indirect @Rn None
(1f1fofafszlrfr][r]
3 Register indirect @(d:8,Rn) Displacement
with displacement ~ @(d:16,Rn) | L[ 1l 1[0[sz[r[r|r] (qpye)
1]a]a]a]sz[r [r]r] Displacement
(2 bytes)
4 Register indirect @-Rn None
with pre-decrement ~ @Rn+ (1fofafafsz[r[r]r]
Rggisteripdirect ‘1‘1‘0‘0‘52‘ r \r\r\
with post-increment
5 Immediate #xx:8 Immediate data
#xx:16 lofofofofol1]0]0] (1nbyte)
‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ Immediate data
(2 bytes)
6 Absolute (@aa:8 is @aa:8 1-byte absolute
short absolute) @aa:16 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘SZ‘ 1 ‘ 0 ‘ 1 ‘ address (offset
'oJo]ol1]sz[1]0]1] fromBR)
2-byte absolute
address
7 PC-relative disp No EA field. Addressing mode 1- or 2-byte
is specified in op-code. displacement
Notes: 1. Sz specifies the operand size. 2. rrr specifies a general register.
Sz Operand Size rer General Register
0 Byte 000 RO
1 Word 001 R1
010 R2
011 R3
100 R4
101 R5
110 R6
111 R7
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3.7.2 Effective Address Calculation

Table 3-8 explains how an effective address is cal culated in each addressing mode.

Table 3-8 Effective Address Calculation

Addressing
Mode Mnemonic
No. EA Field Effective Address Calculation Effective Address
1 Register direct — Operand is contents of Rn.
Rn
1010SZr r 1]
2 Register indirect — 23 15
@Rn \ DPZ | Rn
1101Sz[r r 1] -
Or TP or EP
3 Register indirect 23 15
with displacement 15 o | DP2 | Result
@(d:8,Rn) ‘ RN }—+ D e A
111 rrer Or TP or EP
0Sz ®
15 0
\ Displacement
16 bits
(8 bits with sign-bit extension)
@(d:16,Rn) 23 - 15
1111 SZ 15 0 ‘ DP ‘ Result
\ RN W ~ i
Or TP or EP
®
15 0
\ Displacement
4 Register indirect 23 15
with pre- 15 0 \ DP2 | Result
decrement ‘ Rn W - A
@-Rn Or TP or EP
1011S7rr 1| o O
Rn is decremented by —1 or —2 before
instruction execution.
Register indirect — 23 15
ywth post- o ‘ DP*2 ‘ RN
Increment Rn is incremented by +1 or +2 after < J
Rn+ i i i
@ instruction execution. Or TP or EP
1100Sz[r r 1]
Notes: 1. 1 for a byte operand, 2 for a word operand, and always 2 for R7 in register indirect mode with pre-decrement

or post-increment, even if byte size is specified.

2. Register Indirect Page Register

R7, R6 TP
R5, R4 EP
R3-R0O DP
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Table 3-8 Effective Address Calculation (cont)

No. EA Field Effective Address Calculation Effective Address

@aa:8 23 15 0

0000Sz101 H'00 BR EA extension data

@aa:16 —

DP EA extension data

6  Immediate — Operand is 1-byte EA extension data.

#xx:16 - Operand is 2-byte EA extension data.

d:8 15 0 \ CP \ Result \
No EA field. \ PC

\ Displacement

16 bits
(8 bits with sign extension)

No EA field. 15 o | cP \ Result \
Specified in \ PC A
op-code.

\ Displacement
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3.8 Operating Modes

The H8/500 CPU has two operating modes: minimum mode and maximum mode. The modeis
selected by the mode pins (MD, to MDy).

The operating modes are described next.
3.8.1 Minimum Mode

Minimum mode supports an address space of up to 64 kbytes. The page registers are ignored.
Instructions that branch across page boundaries (PIMP, PISR, PRTS, PRTD) are invalid.

3.8.2 Maximum Mode

In maximum mode the page registers are valid, expanding the maximum address space to 1
Mbyte. It is possible to move from one page to another with branching instructions (PIMP, PJSR,
PRTS, PRTD) and when branching to interrupt-handling routines.

When data access crosses a page boundary, the program must rewrite the page register before it
can access the data in the next page.

For further information on the operating modes, see section 2, “Operating Modes”

3.9 Basic Operational Timing

In the H8/538, when an external clock signal isfed to the EXTAL pin or acrystal resonator is
connected across the XTAL and EXTAL pins, the on-chip clock oscillator circuit divides the
applied frequency by two to create the system clock (@). In the H8/539, the system clock (@) is
generated with the same frequency as the frequency at the XTAL and EXTAL pins. Figure 3-10
shows a block diagram of the clock oscillator.

The basic operational timing of the H8/500 CPU is described next.

**********************************************************************************

XTAL — =] Divider
EXTAL —= (1/2)

[} 2/2— /4096

Note: * The H8/539 does not have this divider.

Figure3-10 Block Diagram of Clock Oscillator
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3.9.1 Overview

The system clock (@) supplied from the clock oscillator is the H8/500 CPU’stime base. One cycle
of the system clock is referred to asa“state.” The H8/500 CPU'’s bus cycle consists of two or
three states. The CPU uses different methods to access on-chip memory, the on-chip register field,
and external devices.

These access methods are described next.
3.9.2 Accessto On-Chip Memory

On-chip memory is accessed in two states using a 16-bit bus. Figure 3-11 shows the on-chip
memory access cycle. Figure 3-12 shows the pin states during on-chip memory access.

'« Buscycle —— »

~—— T state ——»=— T, state ——>

Internal address bus X Address

Internal read signal \

Lt

Internal data bus
(read access)

Read data \

\

Internal write signal

Internal data bus
(write access)

{ Write data N

Figure3-11 On-Chip Memory Access Cycle
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- T state —»=—T, state e

Argto Ag X Add‘ress X

S — \ High |

High impedance

Figure 3-12 Pin Statesduring Accessto On-Chip Memory
3.9.3 Accessto Two-State-Access Address Space

Two-state access permits high-speed processing. No wait states can be inserted in accessto the
two-state-access address space. The external two-state-access address space is accessed via a
16-bit bus. Figure 3-13 shows the access cycle for the external two-state-access address space.

Buscycle — &
~—— Ty state —=<——T, state ——

A19-Ag x Add:ress X
oo T
D15-Do Read data
mom N\ [
D15-Dg { | Write data |

Figure 3-13 Access Cyclefor External Two-State-Access Address Space
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3.9.4 Accessto On-Chip Supporting Modules

The on-chip supporting modules are always accessed in three states. The data busis eight bits
wide, except that some of the registers in the 16-bit integrated-timer pulse unit (1PU) are accessed
viaa 16-bit data bus.

Figure 3-14 shows the on-chip supporting module access cycle. Figure 3-15 indicates the pin
states during access to an on-chip supporting module.

- : Bus cycle -

<« Tistate — »w TosState — ==« Tq state —»

| | X

Internal X
address bus j

Internal read —————\ /
signal ! ; ‘
Internal data buD—< Read data )
(read access)

Address

/

Internal data bus N Write data
(write access) ! ‘ !

Internal write
signal

ommooadoo-

Figure 3-14 Access Cyclefor On-Chip Supporting Modules

EHT 1 State 4>E<7 T, state 4>E<7 T3 state —

A19-Ao X Address X

AS, RD, HWR, i
LWR !

High
D15—Do

High impedance

Figure 3-15 Pin Statesduring Accessto On-Chip Supporting M odules
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3.9.5 Accessto Three-State-Access Address Space
Three-state accessis used for interfacing to low-speed devices.

The wait-state controller (WSC) can insert wait states (Tyy) in access to the three-state-access
address space.

Figure 3-16 shows the three-state read access cycle. Figure 3-17 shows the three-state write
access cycle.

- ‘ Read cycle ‘ -
~—— T state — »eTpstate — == T state —

A19-Ao X | Address X
s T
O

/

High

D15—Do
(read access)

< Read data )

Figure3-16 Read Access Cyclefor Three-State-Access Address Space
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- ‘ Read cycle ‘ -

< Ty state e Tpstate —»FiTg state ——»

. S

At9—Ao X Address X
hs o 3 1 / 1
RD | | High | 3
HWR, LWR \ 3 / 3
D15-Do : . ‘ ‘
(write access) \ ‘ Write data‘ ‘

Figure3-17 Write Access Cycle for Three-State-Access Address Space
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3.10 CPU States

The H8/500 CPU has five processing states.
These states are described next.

3.10.1 Overview

The five processing states of the H8/500 CPU are the program execution state, exception-handling
state, bus-rel eased state, reset state, and power-down state.

The power-down state is further divided into a sleep mode, software standby mode, and hardware
standby mode. Table 3-9 summarizes these states. Figure 3-18 shows a map of the state
transitions.

Table 3-9 Processing States

State Description
Program execution state The H8/500 CPU executes program instructions in sequence.
Exception-handling state A transient state in which the H8/500 CPU executes a hardware

sequence (saving the program counter and status register, fetching
a vector, etc.) triggered by a reset, interrupt, or other exception.

Bus-released state The H8/500 CPU has released the external bus in response to an
external bus request signal.

Reset state The H8/500 CPU and all on-chip supporting modules have been
initialized and are stopped.

Power- Sleep mode Some or all clock signals are stopped to conserve power.

down Software

state

standby mode

Hardware
standby mode
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Program execution

Bus-released state

Sleep mode

Software standby

Exception-handling
mode

State

RES=1 STBY =1
RES=0

Hardware standby
mode*2

Reset 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 3-18 State Transitions
3.10.2 Program Execution State
In this state the H8/500 CPU executes program instructions in normal sequence.
3.10.3 Exception-Handling State

The exception-handling stateis a transient state that occurs when the H8/500 CPU alters the
normal program flow due to an interrupt, trap instruction, address error, or other exception.

See section 4, “Exception Handling” for further information on the exception-handling state.
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3.10.4 Bus-Released State

When so requested, the H8/500 CPU can grant control of the external busto an external device.
While an externa device has the bus right, the H8/500 CPU is said to be in the bus-released state.

Granting of the busis controlled by the BREQ and BACK signals. Busrequests are input at the
BREQ pin. When the bus has been released, an acknowledging signal is output at the BACK pin.

Figure 3-19 illustrates the procedure for releasing the bus.

( H8/500 ) External device 1. Whe_n the H8/500 CPU
receives a low BREQ

signal it drives the BACK

/| Request bus | pin low to notify the
BREQ external device that the
i = Low bus has been released.
BREQ input

‘ 2. After receiving the BACK

Acknowledge I\ signal, the external device
BACK that requested the bus

= Low —— becomes the bus master.
Place A1g to A, D15 \| Check BACK | It can use the address bus
to Do, AS, _RD'_ LWR, (A19 to Ag), data bus (D15
and HWR in high- to Do), and bus control
impedance state signals (AS, RD, LWR,
HWR).

| Get bus |

3. When the H8/500 CPU
releases the bus it places
the address bus, data bus,
and bus control signals

Bus-released state in the high-impedance
state. The device that
became bus master
controls the bus.

Figure3-19 BusRelease Procedure
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Bus Release Control Register (Address H'FF1B): Thisregister (BRCR) enables and disables
BREQ input and BACK output. BRCRisinitialized to H'FE by areset and in hardware standby
mode. Itisnot initialized in software standby mode. The BRCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0
|~ - -] -] -] -1 - [ereE|

Initial value 1 1 1 1 1 1 1 0

RIW — — — — — — — R/W

L Reserved bits t Bus release

enable bit

Selects port A
functions

Bits 7 to 1—Reserved: Read-only bits, always read as 1.

Bit 0—Bus Release Enable Bit (BRLE): Selectsthe functions of pins PAg and PAs.

Bit 0

BRLE Description

0 PAg and PAg are used for general-purpose input and output (Initial value)
1 PAg is used for BACK output; PA; is used for BREQ input
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(1) Casein which BREQ isAcknowledged at End of Bus Cycle

Figure 3-20 shows the timing when the H8/500 CPU acknowledges the BREQ signal at the end of

abuscycle.

The BREQ signal is sampled during every instruction fetch cycle and dataread or write cycle. If
BREQ islow, the H8/500 CPU releases the bus at the end of the cycle. In word data access by

means of two successive byte accesses, first to the upper byte, then to the lower byte (access to the

eight-bit-bus-access address space or an on-chip supporting modul€), the H8/500 CPU does not

release the bus right until it has accessed the lower byte.

BREQ acknowledged at
end of bus cycle

- T ——>— Ty T3— >« TX—» Tx
° f2m
A19-Ag X Address Hi-Z
D15—Do ( Data } Hi-Z
AS, RD \ / Hi-Z
LWR, HWR High Hi-Z
BREQ (input) \
Bus-release acknowledge

BACK (output) C‘\{ signal output

Read cycle* ——— »<«—— Bus-released state —

Note: * Instruction fetch or data read cycle. In access to word data in the byte-access
address space, the cycle shown is the lower byte read cycle.

Figure3-20 Case of BREQ Acknowledged at End of Bus Cycle (e.g., Read Cycle)
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(2) Casein which BREQ is Acknowledged at End of Machine Cycle

Figure 3-21 shows the timing when the H8/500 CPU acknowledges the BREQ signal at the end of
amachine cycle.

The H8/500 CPU acknowledges the BREQ signal at the end of machine cycles during execution
of the MULXU or DIVXU instruction.

BREQ acknowledged at
end of machine cycle

MULXU or DIVXU calculation cycles —»|< TX—» Tx
/S /S F
A19-Ao X n X n+1 X n+2 Hi-Z
D15-Do Hi-Z Hi-Z
AS, RD High Hi-Z
LWR, HWR High Hi-Z
BREQ (input) \
Bus-release acknowledge

BACK (output) C‘\{ signal output

«—— Bus-released state —

Figure3-21 Case of BREQ Acknowledged at End of Machine Cycle
(During Execution of MUL XU or DIVXU Instruction)
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(3) Casein which BREQ is Acknowledged in Sleep Mode

Figure 3-22 shows the timing when the H8/500 CPU acknowledges the BREQ signal in sleep

mode.

The H8/500 CPU acknowledges the BREQ signal at any time during sleep mode.

Sleep mode

TX—»la—TX
° P \_J’—L

Y

BREQ acknowledged at
any time

A19-Ag Hi-Z Hi-Z
D15-Dg Hi-Z Hi-Z
AS, RD High Hi-Z
LWR, HWR High Hi-Z

BREQ (input)

BACK (output)

Bus-release acknowledge

signal output
(snatou

~—— Bus-released state —

Figure 3-22 Case of BREQ Acknowledged in Sleep Mode
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(4) Bus-Release Operation during Two-State Access

Figure 3-23 shows the timing when the bus is requested during a two-state access cycle.

When an external device requests the bus during two-state access, the H8/500 CPU enters the bus-
released state as follows:

0

O

The BREQ pinissampled at the start of the T, state. If BREQ islow, at the end of the bus
cycle the H8/500 CPU halts and enters the bus-rel eased state.

In the case of two-state access, at the end of the T, state the BACK signal goes low to indicate
that the bus-released state has been entered. The address bus (A9 to Ag), data bus (D45 to
Do), and bus control signals (AS, RD, LWR, HWR) are placed in the high-impedance state.
While the busis released, the H8/500 CPU constantly samples the BREQ pin (at each Tx
state) and remains in the bus-released state while BREQ islow.

When BREQ goes high during a Tx state, at the end of the next state the H8/500 CPU drives
the BACK signal high to indicate that it has regained possession of the bus (and that CPU
cycleswill resume).

[l CPU cyclesresume at the end of the next state after BACK goes high.
CPU cycles - Bus-released cycles <CPU cycles
Two-state
- TX > TX < TX—>|eTX—>aT1 >

2 l_\_
A19-Ag Address X Address
D15-Dg ( Data
AS, RD
LWR, HWR High 3
BREQ (input) \ ! -/
BACK (output) /

Figure 3-23 BusRelease during Two-State Access (e.g., Read Cycle)
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(5) Bus-Release Operation during Three-State Access
Figure 3-24 shows the timing when the bus is requested during a three-state access cycle.

When an external device requests the bus during three-state access, the H8/500 CPU enters the
bus-rel eased state as follows:

[J TheBREQ pinissampled at the start of the T4, T,, and Ty, states. If BREQ islow, at the end
of the bus cycle the H8/500 CPU halts and enters the bus-released state.

[ Inthe case of three-state access, at the end of the T state the BACK signal goes low to
indicate that the bus-released state has been entered. The address bus (A9 to Ag), data bus
(D15 to Dg), and bus control signas (AS, RD, LWR, HWR) are placed in the high-impedance
State.

[1 When BREQ goes high during a Tx state, at the end of the next state the H8/500 CPU drives
the BACK signal high to indicate that it has regained possession of the bus (and that CPU
cycleswill resume).

[1 CPU cyclesresume at the end of the next state after BACK goes high.

CPU cycles _ Bus-released cycles _ CPU cycles

Three-state access

- T1—o Ty —leTy—feT3z et TX >l TX |t TX—>=T; >
2 l_\_

A19-Ao X Address j

D15-Do ( Data :
AS, RD \ : :
LWR, HWR High

BREQ (input) \ /
BACK (output) \ /
® ® ® @

Figure 3-24 BusRelease during Three-State Access (e.g., Read Cycle)
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(6) Bus-Release Operation during Internal CPU Operations

Figure 3-25 shows the timing when the bus is requested during internal CPU operations.

When an external device requests the bus during internal CPU operations, the H8/500 CPU enters
the bus-released state as follows:

[J TheBREQ pinissampled at the start of the T, state. If BREQ islow, at the end of the
internal cycle the H8/500 CPU halts and enters the bus-rel eased state.

[J Inthe case of internal CPU operations, at the end of a T, state the BACK signal goes low to
indicate that the bus-released state has been entered. The address bus (A1 to Ag), data bus
(D15 to Dg), and bus control signals (AS, RD, LWR, HWR) are placed in the high-impedance

state.

[1 When BREQ goes high during a Tx state, at the end of the next state the H8/500 CPU drives
the BACK signal high to indicate that it has regained possession of the bus (and that CPU

cycleswill

resume).

[1 CPU cyclesresume at the end of the next state after BACK goes high.

LWR, HWR

BREQ (input)

BACK (output)

CPU cycles

Bus-released cycles __ CPU cycles

| Internal CPU operation

- T1—-|a—Tq - Tq

- T TX—>laeTX—>faeTX—>e T >
-

:X Add‘ress

Hi-Z

Hi-Z

High

High

o

@ @

Figure3-25 BusReleaseduring Internal CPU Operation
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(7) Notes

« The H8/500 CPU does not accept interrupts while in the bus-rel eased state.

e TheBREQ signa must be held low until BACK goeslow. If BREQ returnsto the high level
before BACK goes low, the bus rel ease operation may be executed incorrectly.

3.10.5 Reset State

In the reset state, the H8/500 CPU and all on-chip supporting modules are initialized and placed in
the stopped state. The H8/500 CPU enters the reset state whenever the RES pin goes low, unless
the H8/500 CPU is currently in the hardware standby mode.

See section 4.2, “Reset” for further information on the reset state.
3.10.6 Power-Down State

The power-down state comprises three power-down modes: sleep mode, software standby mode,
and hardware standby mode.

See section 19, “Power-Down State” for further information.
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Section 4 Exception Handling

4.1 Overview

There are five types of exceptions: reset, address error, trace, interrupt, and instruction exceptions.
There are three types of instruction exceptions: invalid instruction, trap instruction, and DIVXU
instruction with zero divisor.

Handling of these exceptions is described next.
4.1.1 Exception Handling Typesand Priority

Table 4-1 lists the types of exception handling for exceptions other than instruction exceptions,
and indicates their priority. The system assigns areserved priority to each of these exception
types. If two or more exceptions occur simultaneously, they are accepted and handled in priority
order.

Table 4-2 lists the types of instruction exception handling. Instruction exceptions cannot occur
simultaneously, so thereis no priority order.

Table4-1 Exception Typesand Priority

Priority Exception Type  Source Start of Exception Handling
High Reset RES input Rising edge of RES signal
Address error Invalid access (address error)  End of instruction execution
Trace Trace bit (T) =1in SR End of instruction execution
Interrupt External or internal interrupt End of instruction execution or end
Low request of exception handling

Table4-2 Instruction Exceptions

Exception Type Source Start of Exception Handling

Invalid instruction Fetching of invalid instruction  Start of execution of instruction with
undefined code

Trap instruction Trap instruction Start of execution of trap instruction
Zero divide DIVXU instruction Start of execution of DIVXU instruction with
zero divisor

69



4.1.2 Exception Handling Operation
Exception handling can originate from a variety of sources.

Exception handling other than reset exception handling is described next. For reset exception
handling, see section 4.2, “Reset.”

Figure 4-1 isaflowchart of the handling of exceptions other than areset.

In minimum mode, the program counter (PC) and status register (SR) are saved on the stack. In
maximum mode the code page register (CP), PC, and SR are saved on the stack. Nextthe T hitin
the status register is cleared to 0, the start address corresponding to the exception sourceis read
from the exception vector table, and program execution begins from the indicated address.

/

Exception

Exception handling

| PC -~ @—SP |

‘ State saving:
| CP - @-SP | PC, CP, and SR are pushed in that order on
‘ the stack. CP is pushed only in maximum mode.

| SR~ @—SP |

| 0 - T bit (SR) |
\ Preparations for program execution:
| Start address . CP | After the trace bit is cleared to 0, an address is
‘ loaded from the vector table into CP and PC.
CP is loaded only in maximum mode.
Start address - PC |

!

Start of program execution

Figure4-1 Exception Handling Flowchart
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4.1.3 Exception Sources and Vector Table

Figure 4-2 classifies the exception sources. Table 4-3 shows the exception vector table. The
vector addresses differ between minimum and maximum modes. In maximum mode the vector
tableislocated in page 0. For internal interrupt vectors, seetable 6-3 and table 6-4, “ Interrupt
Priorities and Vector Addresses.”

¢ Reset

* Address error

* Trace
NMI
External interrupts IRQO
IRQ1-3
Exception sources * Interrupts

39 interrupt sources
Internal interrupts in on-chip supporting
modules

Invalid instruction
TRAPA instruction
TRAP/VS instruction
Zero divide

¢ |Instructions

Figure4-2 Classification of Exception Sources
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Table 4-3 Exception Vector Table

Exception Source

Vector Address

Minimum Mode

Maximum Mode

Reset (initial PC value)

H'0000-H'0001

H'0000-H'0003

(Reserved for system)

H'0002—H'0003

H'0004-H'0007

Invalid instruction

H'0004-H'0005

H'0008—-H'000B

DIVXU instruction (zero divisor)

H'0006—-H'0007

H'000C-H'000F

TRAP/VS instruction

H'0008—-H'0009

H'0010-H'0013

(Reserved for system)

H'000A-H'000B

H'000E—H'000F

H'0014-H'0017

H'001C-H'001F

Address error

H'0010-H'0011

H'0020-H'0023

Trace

H'0012-H'0013

H'0024-H'0027

(Reserved for system)

H'0014-H'0015

H'0028-H'002B

External interrupt: NMI

H'0016—-H'0017

H'002C-H'002F

(Reserved for system)

H'0018-H'0019

H'001E-H'001F

H'0030-H'0033

H'003C-H'003F

TRAPA instruction (16 sources)

H'0020-H'0021

H'003E—H'003F

H'0040-H'0043

H'007C-H'007F

External interrupt: IRQO

WDT interval interrupt

External interrupts: IRQ1
IRQ2
IRQ3

H'0040-H'0041
H'0042—-H'0043
H'0048-H'0049
H'004A-H'004B
H'004C-H'004D

H'0080-H'0083
H'0084—-H'0087
H'0090-H'0093
H'0094-H'0097
H'0098—-H'009B

Internal interrupts

H'0044-H'0045
H'0050-H'0051

H'009E—H'009F

H'0088—H'008B
H'00A0—H'00A3

H'013C—H'013F
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4.2 Reset

4.2.1 Overview

A reset has the highest exception priority.
Reset exception handling is described below.

When the RES pin goes low, all processing halts and the chip enters the reset state. A reset
initializes the internal state of the H8/500 CPU and the registers of on-chip supporting modules.
When the RES pin rises from low to high, the H8/500 CPU begins reset exception handling.

4.2.2 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, the RES pin should be held low for at least 20 ms at power-up. To
reset the chip during operation, the RES pin should be held low for at least six system clock
cycles (69).

See appendix E, “Pin States’ for the states of the pinsin the reset state.

When the RES pin rises to the high level after being held low for the necessary time, the H8/500
CPU begins reset exception handling. Figure 4-3 shows the sequence of operations at the end of
the reset state.

RES pin

*7 End of reset (low-to-high transition)

( Reset exception handling )
\

| MD,_g — MDS2-0 | [ Values of mode pins (MD2 to MDyg) are latched
[ in bits MDS2 to MDSO0 in MDCR.
| 0 - T bit (SR) |
[ [ T bitin SR is cleared to O to disable trace mode.
| 1 - Iy to Ig bits (SR) | Interrupt mask bits I, to Iy are all set to 1 (level 7).

\
| Start address — CP |

[ [] Start address is loaded from vector table. H8/500
| Start address - PC | CPU starts program execution from that address.

'

Program execution begins

Figure4-3 Reset Exception Handling Flowchart

73




The vector table contents differs between minimum and maximum mode. The vector table
contents in each mode are described next.

(1) Minimum Mode: Figure 4-4 shows the reset vector in minimum mode.

In minimum mode the reset vector islocated at addresses H'0000 and H'0001. When exception
handling begins, the H8/500 CPU copies the reset vector into the program counter (PC). Program
execution then starts from the PC address.

H'0000 PCH
H'0001 PCL

Figure4-4 Reset Vector in Minimum Mode
Figure 4-5 shows the reset sequence in minimum mode.

Figure 4-5 shows the case in which the program area and stack area are both located in the eight-
bit-bus three-state-access address space.

« JUUUUUTUTUUITUUTIU Ui i i i g ruu
RES

|
A19=Ag Vector address (3) | |
D:15-Do —{(2) [ vector — @ M M -
RD [l [ M [
Reset interval  Internal pro- Fetching Prefetching first instruc- Instruction
(at least 6 states) cessing cycles — reset tion of program execution
vector starts
(1) Instruction prefetch address (3) Program start address
(2) Instruction code (4) First instruction of program

Figure4-5 Reset Sequencein Minimum Mode
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(2) Maximum Mode: Figure 4-6 shows the reset vector in maximum mode.

In maximum mode the reset vector islocated at addresses H'0000 to H'0003. When exception
handling begins, the H8/500 CPU copies the reset vector into the code page register (CP) and
program counter (PC), ignoring the vector data at H'0000. Program execution then starts from the
CP and PC address.

H'0000 Don’t care
H'0001 CP
H'0002 PCh
H'0003 PCL

Figure4-6 Reset Vector in Maximum Mode
Figure 4-7 shows the reset sequence in maximum mode.

Figure 4-7 shows the case in which the program area and stack area are both located in the 16-hit-
bus two-state-access address space.

\
RES I |
RES ‘ V: Vector address
Internal X:S(
1 v Jv+2f 3 i
address bus i E) X X X:
o B-0-010-0-
2 4
data bus _@ E)D_Igz):_ U U
Internal
read signal N—
Reset
vector
Reset interval Internal processing Fetching Prefetching Instruction execution
(at least 6 states) cycles reset first instruction starts
vector  of program
(1) Instruction prefetch address (3) Program start address
(2) Instruction code (4) First instruction of program

Figure4-7 Reset Sequencein Maximum Mode
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4.2.3 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the program
counter and status register will not be saved correctly, leading to a program crash. This danger
can be avoided as explained next.

When the chip comes out of the reset state all interrupts, including NMI, are disabled, so the first
instruction is always executed. Crashes can be avoided by using thisfirst instruction to initialize
SP. In minimum mode, the first instruction after areset should initialize SP. In maximum mode,
the first instruction after areset should initialize the stack page register (TP), and the next
instruction should initialize SP.

Examples:
1. Minimum mode

.ORG H'0000
MOV.W  #H'FESO, SP

2. Maximum mode

.ORG H'0000
LDC.B #H'00, TP
MOV.W  #H'FES8O, SP

4.3 AddressError
An address error occurs when invalid accessis attempted. There are three types of address errors:

1. Addresserror ininstruction prefetch
2. Addresserror in word data access
3. Addresserror in single-chip mode

When an address error occurs, the H8/500 CPU begins address error exception handling and clears
the T bit of the status register to 0. The interrupt mask level in bits|, to Iy is not changed.

Each type of address error is described next.
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4.3.1 AddressError in Instruction Prefetch

An attempt to prefetch an instruction from the on-chip registers at addresses H'FE80 to H'FFFF
causes an address error.

The address error exception handling sequence for this caseis:

‘ Instruction prefetch from on-chip register area (H'FE8O to H'FFFF) ‘
!

‘ Wait for execution of current instruction to end ‘

!

‘ Address error exception handling

The PC value pushed on the stack is the address of the instruction immediately following the last
instruction executed.

Program code should not be located in addresses H'FE7D to H'FE7E. If program code islocated
in these addresses, instruction prefetch will be attempted in the on-chip register area, causing an
address error.

Figure 4-8 shows the areas in which instruction prefetch leads to an address error.

<Page 0>
H'0000
H'FE7D
H'FES0 (3 bytes)
On-chip register area Areas in which instruction
H'FEFE prefetch leads to address error

Figure4-8 Areasin which Instruction Prefetch Leadsto AddressError
4.3.2 AddressError in Word Data Access

An address error occurs if an attempt is made to access word data starting at an odd address. The
PC value pushed on the stack is the address of the next instruction after the instruction that
attempted to access word data at an odd address.
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Figure 4-9 shows an example of illegal location of word data.

2m
2m+1 Upper data Word data located at
2m+2 Lower data odd address (error)

(Example) MOV.W @2m+1, RO causes
an address error.

Figure4-9 Exampleof Illegal Location of Word Data
4.3.3 AddressError in Single-Chip Mode

In single-chip mode there is no external memory, so in addition to the word access address errors
described in section 4.3.2, address errors can occur due to access to missing areas in the address
space.

(1) H8/538

Accessto Addresses H'EE80 to H'F67F: In single-chip mode these addresses form a missing
address area; they are assigned neither to on-chip memory nor to on-chip registers.

Instruction prefetch, byte data access, or word data access in the missing address area causes an
address error. An address error also occursif an instruction is located in the last three bytes of on-
chip ROM, because the H8/500 CPU will attempt to prefetch the next instruction from addresses
H'EE80 to H'EE82 in the missing address area.

H'0000
ROM area (3 bytes)
H'EE/D - Missing address area
H'EES0 p - ! (data access also causes an address error)
HF67F | |
On-chip
H'FE7D RAM area
. 3 bytes)

H'FESO ( o _

_ |:| Areas in which instruction prefetch
HEEEE | On-chip register area leads to address error

Figure4-10 Areasin which Instruction Prefetch Leadsto AddressError
(Single-Chip Mode)
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Accessto Disabled RAM Area: When the on-chip RAM areais disabled in single-chip mode,
the missing address area extends from H'EE80 to H'FE7F. Instruction prefetch, byte data access,
or word data access in this missing address area causes an address error. An address error also
occursif aninstruction islocated in the last three bytes of on-chip ROM, because the H8/500 CPU
will attempt to prefetch the next instruction from addresses H'EE80 to H'EES82 in the missing
address area.

H'0000
ROM area
/(3 bytes)
H'EE7D -
H'EE80
H'FB680 &) .
-+ Missing address area
On-chip RAM area (data access also causes an address error)
i (on-chip RAM

HFE7D -------- disabled)~""""""" :
H'FE80 b

On-chip register area I:I Areas in which instruction prefetch
H'FFFF leads to address error

Figure4-11 Areasin which Instruction Prefetch Leadsto AddressError
(Single-Chip mode with On-Chip RAM Disabled)

(2) H8/539

Accessto Addresses H'04000 to H'OEE7F and H'30000 to H'FFFFF: In single-chip mode
these addresses form a missing address area; they are assigned neither to on-chip memory nor to
on-chip registers.

Instruction prefetch, byte data access, or word data access in the missing address area causes an
address error. An address error also occursif an instruction is located in the last three bytes of on-
chip ROM in page O, because the H8/500 CPU will attempt to prefetch the next instruction from
addresses H'04000 to H'04002 in the missing address area.

The same type of error will occur if an instruction islocated in the last three bytes of on-chip
ROM in page 1 or page 2.
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Page 0
H'00000
ROM area (3 bytes)
HO3FFD - Missing address area
H'04000 ' - (data access also causes an address error)
H'OEETF | '
H'OEE80 On-chip
H'OFE7D RAM area
. 3 bytes)
H'OFE80 (
_ _ |:| Areas in which instruction prefetch
H'OFFFF On-chip register area leads to address error

Figure4-12 Areasin which Instruction Prefetch Leadsto AddressError
(Single-Chip Mode)

Accessto Disabled RAM Area: When the on-chip RAM areais disabled in single-chip mode,
addresses H'04000 to H'OFE7F are also a missing area. Instruction prefetch, byte data access, or
word data access in this missing address area causes an address error. An address error also occurs
if an instruction islocated in the last three bytes of on-chip ROM in page 0, because the H8/500
CPU will attempt to prefetch the next instruction from addresses H'04000 to H'04002 in the
missing address area.

The same type of error will occur if an instruction is located in the last three bytes of on-chip
ROM in page 1 or page 2.

Page O
H'00000
ROM area
/(3 bytes)

H'O3FFD -
H'04000 | 1
H'OEE80 - H L

! <+ Missing address area

On-chip RAM area (data access also causes an address error)

: (on-chip RAM |

R disabled) ="""""" i
H'OFES8O ! i

On-chip register area I:I Areas in which instruction prefetch

H'OFFFF leads to address error

Figure4-13 Areasin which Instruction Prefetch Leadsto AddressError
(Single-Chip Mode with On-Chip RAM Disabled)
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4.4 Trace

Trace mode can be used by a debug program, for example, to monitor the execution of a program
under test.

(1) Trace Mode: When the trace bit (T bit) in the status register (SR) is set to 1, the H8/500 CPU
operatesin trace mode. A trace exception occurs at the completion of each instruction.

In trace exception handling the T bit in SR is cleared to O to disable trace mode. The interrupt
mask level in bits |, to |y is not changed, however; interrupts are accepted during trace exception
handling.

The trace exception-handling routine should end with an RTE instruction. When the trace routine
returns with the RTE instruction, the status register is popped from the stack and trace mode
resumes.

(2) Contention with Address Error Exception Handling: Address error exception handling
occurs at the end of abus cycle, so it does not normally conflict with trace exception handling.
Oneinstruction is always executed after exception handling, however, so contention may occur at
this point, requiring specia consideration.

If address error and trace exceptions both occur at the end of an instruction, because of the priority
relationship between these exceptions, address error exception handling is carried out. Trace
mode is disabled during execution of the instruction that caused the address error and during the
address error exception handling routine. After return from address error exception handling, one
instruction is executed, then trace mode resumes.

4.5 Interrupts

There are five external sources of interrupt exception handling (NMI, IRQg, IRQ, IRQ,, IRQ5)
and 39 sources in the on-chip supporting modules. Table 4-4 classifies the interrupt sources. The
on-chip supporting modules that can request interrupts are the 16-bit integrated timer pulse unit
(IPU), serial communication interfaces 1 and 2 (SCI1 and SCI2), A/D converter, and watchdog
timer (WDT).

NMI is the highest-priority interrupt and is always accepted. The other 43 interrupt sources are
controlled by the interrupt controller. Theinterrupt controller arbitrates between simultaneous
interrupts by means of internal registersin which interrupt priorities are assigned to each module.

The interrupt priorities are set in interrupt priority registers A to F (IPRA to IPRF) in the interrupt
controller. Aninterrupt priority level from 7 to O can be assigned to IRQg. A single priority level
from 7 to 0 can be assigned collectively to IRQ4, IRQ,, and IRQ3. Independent priority levels
from 7 to O can also be assigned to each of the on-chip supporting modules.
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Theinterrupt controller also controls the starting of the data transfer controller (DTC) in response
to aninterrupt. The DTC can transfer datain either direction between memory and 1/O without
using the CPU.

Whether to start the DTC can be selected on an individua interrupt basis in data transfer enable
registers A to F (DTEA to DTEF) in theinterrupt controller. The DTC is started if the
corresponding bit in DTEA to DTEF isset to 1. If thisbit is cleared to O, interrupt exception
handling is carried out. A few interrupts, including NMI, cannot start the DTC. The CPU halts
during DTC operation.

For details of DTC interrupts, see section 7, “Data Transfer Controller.” Interrupt controller
functions are detailed in section 6, “Interrupt Controller.”

Table4-4 Interrupt Sources

Interrupt Category Number of Sources
External interrupts NMI 1

IRQO 1

IRQ1-IRQ3 3
Internal interrupts IPU 29

SCl1 4

SCI2/SCI3** 4

A/D converter 1

WDT 1

Note: 1. H8/539 only

4.6 Invalid Instructions

Aninvalid instruction is an instruction with an undefined operation code or illegal addressing
mode. If an attempt is made to execute an invalid instruction, the H8/500 CPU startsinvalid
instruction exception handling. The PC value pushed on the stack is the value of the program
counter when the invalid instruction code was detected.

In the invalid instruction exception-handling sequence the T bit of the status register is cleared to
0, but the interrupt mask level (1, to Ig) is not changed.
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4.7 Trap Instructionsand Zero Divide

When the TRAPA or TRAP/VSinstruction is executed, the H8/500 CPU starts trap exception
handling. If an attempt is made to execute a DIV XU instruction with a zero divisor, the H8/500
CPU starts zero divide exception handling.

In the exception-handling sequences for these exceptionsthe T bit of the status register is cleared
to 0, but the interrupt mask level (I, to I) is not changed.

If anormal interrupt is requested during execution of atrap or zero-divide instruction, interrupt
handling begins after the exception-handling sequence for the trap or zero-divide instruction has
been executed.

(1) TRAPA Instruction: When the TRAPA instruction is executed, the H8/500 CPU starts
exception handling according to the CPU operating mode.

The TRAPA instruction includes a vector number from 0 to 15. The start addressis read from the
corresponding location in the vector table.

(2) TRAP/VSInstruction: When the TRAP/V S instruction is executed, the H8/500 CPU starts
exception handling if the overflow (V) flag in the condition code register (CCR) is set to 1.

If theV flag is cleared to 0, no exception occurs and the next instruction is executed.

(3) DIVXU Instruction with Zero Divisor: The H8/500 CPU starts exception handling if an
attempt is made to divide by zeroin aDIV XU instruction.
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4.8 Casesin which Exception Handling is Deferred

Exception handling of address errors, trace exceptions, external interrupt requests (NMI, IRQp,
IRQ, IRQy, IRQ3), and internal interrupt requests (39 sources) is not carried out immediately
after execution of an interrupt-disabling instruction, reset exception, or datatransfer cycle, but is
deferred until after the next instruction has been executed.

4.8.1 Instructionsthat Disable Exception Handling

Interrupts are disabled immediately after the execution of five instructions: XORC, ORC, ANDC,
LDC, and RTE.

After executing one of these instructions, the H8/500 CPU always executes the next instruction. If
the next instruction is also one of these five, the next instruction after that is executed too.
Exception handling starts after the next instruction that is not one of these five has been executed.
See the following example.

Example:

Program flow

- Interrupt controller notifies H8/500 CPU

LDC.B  #H'00,TP )
of interrupt request

MOV.W  #H'FE80,SP H8/500 CPU executes next instruction before

starting exception handling

MOV.B  #H'00,@WCR To exception-handling sequence
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4.8.2 Disabling of Exceptions I mmediately after a Reset

After carrying out reset exception handling, the H8/500 CPU always executes the initial
instruction.

If an interrupt is accepted after areset but before SP isinitialized, the program counter and status
register will not be saved correctly, leading to a program crash. To prevent this, in minimum mode
the first instruction after areset should initialize SP. In maximum mode, the first instruction after
areset should be an LDC instruction initializing TP, and the next instruction should initialize SP.

4.8.3 Disabling of Interrupts after a Data Transfer Cycle

If an interrupt starts the data transfer controller and a second interrupt is requested during the data
transfer cycle, when the data transfer cycle ends, the H8/500 CPU always executes the next
instruction before handling the second interrupt.

Even if anonmaskable interrupt (NMI) occurs during a data transfer cycle, it is not accepted until
the next instruction has been executed. An exampleis shown next.

Example:

Program flow

<71 DTC interrupt request

/ Data transfer cycle | <1 NMI request

After data transfer cycle, H8/CPU executes
next instruction before starting exception
handling

ADD.W R2,RO

MOV.W RO,@H'EFO0

MOV.W  @H'EF02,RO To NMI exception handling
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4.9 Stack Statusafter Completion of Exception Handling

The status of the stack after exception handling is described next.

Table 4-5 shows the stack after completion of exception handling for various types of exceptions

in minimum and max

imum modes.

Table4-5 Stack after Exception Handling

Exception
Source

Minimum Mode

Maximum Mode

Trace, interrupt,
trap instruction,

DIVXU spD
(zero divide)

SR (upper 8 bits)

SR (lower 8 bits)

Next instruction address (upper 8 bits)

Next instruction address (lower 8 bits)

A

" N
PSP S SR (upper8bits)
SR (lower 8 bits)
Don't care

Next instruction page address (8 bits)
Next instruction address (upper 8 bits)

Next instruction address (lower 8 bits)

~ PN

Note: The RTE instruction returns to the next instruction after the instruction being executed when

the exception occurred.

Invalid instruction ~

SPD>

SR (upper 8 bits)

SR (lower 8 bits)
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

A ~

TPSPLl SR (upper 8 bits)
SR (lower 8 bits)
Don't care

CP (8 bits) when error occurred
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

~l -l

Note: The CP and PC values pushed on the stack are not necessarily the address of the first byte

of the invalid instruction.

Address error ~ ~

SPD

SR (upper 8 bits)

SR (lower 8 bits)
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

TP:SP]> SR (upper 8 bits)

SR (lower 8 bits)
Don'’t care

CP (8 bits) when error occurred
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

Note: The CP and PC values pushed on the stack are the address of the next instruction after
the last instruction successfully executed.
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4.9.1 PC Value Pushed on Stack for Trace, Interrupts, Trap Instructions, and Zero Divide
Exceptions

The PC value pushed on the stack for atrace, interrupt, trap, or zero divide exception isthe
address of the next instruction at the time when the interrupt was accepted.

4.9.2 PC Value Pushed on Stack for AddressError and Invalid I nstruction

The PC value pushed on the stack for an address error or invalid instruction exception differs
depending on the conditions when the exception occurs.

4.10 Noteson Use of the Stack

When using the stack, pay attention to the following points. Mistakes may lead to address errors
when the stack is accessed, or may cause system crashes.

1. Alwaysset SPon an even address.

If SPindicates an odd address, an address error will occur when the H8/500 CPU accesses the
stack during interrupt handling or for a subroutine call. To keep SP pointing to an even
address, always use word data size when saving or restoring register data or other datato or
from the stack.

2. @-SPand @SP+ addressing modes

To keep SP pointing to an even address, in the @-SP and @SP+ addressing modes the
H8/500 CPU performs word access even if the instruction specifies byte size.

Thisis not true in the @—Rn (pre-decrement) and @Rn+ (post-increment) addressing modes
when Rn is aregister from RO to R6.
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Section5 H8 Multiplier (H8/539 Only)

5.1 Overview

The on-chip multiplier module (H8MULT) can perform 16-bit x 16-bit signed or unsigned
multiply and multiply-accumulate operations. These operations can be speeded up by a bus-
stealing function.

The H8/538 does not have an on-chip multiplier module.

5.1.1 Features
Features of the HSMULT module are listed bel ow.
e 16-bit x 16-bit multiplication executed in two clock cycles

Signed or unsigned multiplication can be selected. Up to three multiplier values can be
designated in advance.

e Multiply-and-accumul ate operations can be executed in three clock cycles

Saturating or non-saturating operation can be selected. The results of non-saturating multiply-
accumulate operations are stored in 42-bit form. The results of saturating multiply-accumulate
operation are stored in 32-bit form. Up to three multiplier values can be designated in the H8
MULT registers in advance, an arrangement ideally suited for second-order digital filtering.

e Built-in bus-stealing function

For higher-speed operation, the bus-stealing function enables multipliers and multiplicands to
be loaded into HBMULT while the CPU is reading memory.
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5.1.2 Block Diagram

Figure 5-1 shows a block diagram of the HSMULT module.

Legend
MLTCR:
MLTAR:

MLTBR:
MCA:
MCB:
MCC:
MACXH:
MACH:
MACL:
MR:
MMR:

MLTMAR:

<

Internal address bus (A5 to Ag)

Internal data bus (D45 to Dg)

<

MLTBR
il
- / -
] [ [
) y |
MLTCR | MLTAR || MLTMAR |
S-ON
\ 1A
8 L \
2 MAC,
©
= MUL,
© CLR
o
=] L~
©
]
S . Yy .
[
- MCA
Multiplier matrix
-~ MACXH *’| mcCB
- MACH
- - MACL MccC
N~ -~ MR
MULT control register
MULT multiplier address register <—>| MMR

MULT multiplicand address register
MULT base address register

MULT multiplier register A

MULT multiplier register B

MULT multiplier register C

MULT result register, extended high word
MULT result register, high word

MULT result register, low word

MULT immediate multiplier register
MULT immediate multiplicand register

Figure5-1 H8MULT Block Diagram
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5.1.3 Register Configuration

Table 5-1 summarizes the interna registers of the HSMULT module. The type of operation
(multiply or multiply-accumulate, signed or unsigned) and the bus-stealing function can be
selected by register settings.

Table5-1 H8MULT Registers

Type Address  Name Abbreviation R/W Initial Value
Control H'FFAO MULT control register MLTCR R/W  H'38
registers H'FFA1 MULT base address register MLTBR R/W  H'00
H'FFA2 MULT multiplier address MLTAR R/W  H00
register
H'FFA3 MULT multiplicand address MLTMAR R/W  H'00
register
Arithmetic H'FFBO MULT multiplier register A MCA R/W  H'0000
. %1
reQISIers =\ \FER2  MULT multiplier register B MCB RIW  H0000
H'FFB4 MULT multiplier register C MCC R/W  H'0000
H'FFB6 MULT result register, extended MACXH R/W  Undetermined
high word
H'FFB8 MULT result register, high word MACH R/W*2 Undetermined
H'FFBA MULT result register, low word MACL R/W*2 Undetermined
H'FFBC MULT immediate multiplier MR W Undetermined
register
H'FFBE MULT immediate multiplicand MMR w Undetermined
register

Notes: 1. The arithmetic registers require word-size access. Byte-size access is not supported.
If byte-size access is attempted, subsequent results may be incorrect.
2. MULT result registers MACH and MACL cannot be modified independently. Write access
to MACH must be immediately followed by write access to MACL, so that the
modification takes place 32 bits at a time.

Example: MDV.W #aa:16, @ MACH } These instructions must be executed
MDV.W #aa:16, @MACL consecutively.
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5.2 Register Descriptions
This section describes the HSMULT registers.
5.2.1 MULT Control Register

The MULT control register (MLTCR) is an eight-bit readable/writable register that clearsthe
MULT result registers, selects the type of multiplication operation, and selects the bus-stealing
function. The bit structure of MLTCR is shown next.

Bit 7 6 5 4 3 2 1 0

| CLR ‘ S _ON ‘ — ‘ — ‘ — ‘ SIGN ‘ MUL ‘ MAC |
Initial value 0 0 1 1 1 0 0 0
R/W R/W R/W R R R R/W R/W R/W

Multiply-accumulate bit

Enables or disables the
multiply-accumulate
function

Multiply bit
Enables or disables
the multiply function

Sign bit
Selects signed arithmetic

L-Reserved bits

—Bus-steal on bit
Enables or disables the bus-stealing function

—Clear bit

Simplifies the procedure for initializing MULT result
registers MACXH, MACH, and MACL
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(1) Bit 7—Clear (CLR): The purpose of this bit isto simplify the procedure for initializing
MULT result registers MACXH, MACH, and MACL. If the CLR bit is set to 1, when awrite
access is made to one of these three registers (MACXH, MACH, or MACL), regardless of the
value of the write data, the other two registers areinitialized to H'0000.

(2) Bit 6—Bus-Steal On (S_ON): Enables or disables the bus-stealing function. If the S_ON bit
isset to 1, data can be set in the MULT registers at the same time as the CPU accesses memory. If
the S_ON bit is cleared to O, this bus-stealing function is disabled.

For further information, see section 5.3 “ Operation.”
(3) Bits5to 3—Reserved: Read-only bits, always read as 1.

(4) Bit 2—Sign (SIGN): Specifies signed arithmetic. The multiplication is performed in signed
mode if the SIGN bit is set to 1, and in unsigned mode if the SIGN bit is cleared to 0. When a
multiply-accumul ate operation is executed, the operation is performed in non-saturating mode or
saturating mode. The results of saturating multiply-accumulate operations are stored in 32-bit form
of MACH and MACL registers. In this case, MACXH register is not used. When an overflow
occurs, set bit 0in the MACXH register to 1. The results of non-saturating multiply-accumulate
operations are stored in 42-bit form of MACXH, MACH, and MACL registers. In this case, an
overflow is not detected.

For further details, see section 5.3.4 “Multiply and Multiply-Accumulate Function.”

(5) Bit 1—Multiply (MUL): Enables or disables the multiply function. The multiply function is
enabled when the MUL bit is set to 1. Do not set both the MUL bit and MAC bit (bit 0) to 1 at the
sametime. If both bits are set to 1, neither function is enabled.

(6) Bit 0—Multiply-Accumulate (MAC): Enables or disables the multiply-accumulate function.
The multiply-accumulate function is enabled when the MAC bit is set to 1. Do not set both the
MAC bit and MUL bit (bit 1) to 1 at the same time. If both bits are set to 1, neither function is
enabled.
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5.2.2 MULT Base Address Register

The MULT base address register (MLTBR) is a readable/writable register that specifies the upper
eight hits of the memory address of the multiplier or multiplicand in multiply or multiply-
accumul ate operations when the bus-stealing function is enabl ed.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

5.2.3 MULT Multiplier Address Register

The MULT multiplier address register (MLTAR) is a readable/writable register that specifies the
lower eight bits of the memory address of the multiplier in multiply or multiply-accumulate
operations when the bus-stealing function is enabl ed.

Bit 7 6 5 4 3 2 1 0
L] | | | | | ]

Initial value 0 0 0 0 0 0 0 0

R/IW R/IW R/W R/W RIW R/IW R/W R/W R/W

5.24 MULT Multiplicand Address Register

The MULT multiplicand address register (MLTMAR) is a readable/writable register that specifies
the lower eight bits of the memory address of the multiplicand in multiply or multiply-accumul ate
operations when the bus-stealing function is enabl ed.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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5.25 MULT Multiplier Register A

MULT multiplier register A (MCA) is areadable/writable register that stores a multiplier for usein
multiply or multiply-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W R/W R/W R/W

Note: MCA requires word-size access.
5.2.6 MULT Multiplier Register B

MULT multiplier register B (MCB) is areadable/writable register that stores amultiplier for usein
multiply or multiply-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: MCB requires word-size access.
5.2.7 MULT Multiplier Register C

MULT multiplier register C (MCC) is areadable/writable register that storesa multiplier for usein
multiply or multiply-accumul ate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W RW RW RW R/W RW RW R/W R/W R/W R/W R/W

Note: MCC requires word-size access.
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5.2.8 MULT Immediate Multiplier Register

The MULT immediate multiplier register (MR) isa 16-bit write-only register into which a
multiplier value can be loaded for use in multiply or multiply-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — @ — — @ — @ - @ - @ - @ - @ —- - - - - = = —
R/W W W W W W W W W W W W W W W W W

MR isawrite-only register. When read, it aways returns H'FFFF.
Note: MR requires word-size access.
5.2.9 MULT Immediate Multiplicand Register

The MULT immediate multiplicand register (MMR) is a 16-bit write-only register into which a
multiplicand value can be loaded for use in multiply or multiply-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial valug — — — @ — @ @— @ - @ — @ — - @ — = — — — = =

R/W wW W wW W W W W W W W W W W W W W

MMR isawrite-only register. When read, it always returns H'FFFF.

Note: MMR requires word-size access.

96



5.2.10 MULT Result Register, Extended High Word

The MULT result register, extended high word (MACXH) is a 16-bit readable/writable register that
stores the upper 10 bits of the 42-bit result of a non-saturating multiply-accumul ate operation.

The sign extended value of bit 9 is set to bits 15 to 10. MACXH is not used in amultiply
operation. Bits 15 to 1 are not used in a saturating multiply-accumul ate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEEEENEN .

Initial value — @ — @ — — — - - - - - - - - — — —

R/W R/W R/W R/W R/W RW RW RW RW R/W RW RW R/W R/W R/W R/W R/W

Bit 0 of the MACXH register is an overflow flag (OVF) that is set to 1 when the result of a
saturating multiply-accumul ate operation overflows.

Note: MACXH requires word-size access.
5.2.11 MULT Result Register, High Word

The MULT result register, high word (MACH) is a 16-bit readable/writable register that stores bits
31 to 16 of the 32-hit result of a multiply or saturating multiply-accumulate operation, and 31 to 16
of the 42-bit result of a non saturating multiply-accumulate operation.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — — — @ — @ - @ - @ - @ - @ - - - - - - - —
R/W RW R/W RW R/W R/W R/W R/W RW R/W R/W RW RW R/W R/W R/W R/W

Note: MACH requires word-size access.
5.2.12 MULT Result Register, Low Word

The MULT result register, low word (MACL) is a 16-bit readable/writable register that stores bits
15 to 0 of the 32-bit result of a multiply or saturating multiply-accumulate operation, and 15to 0
of the 42-bit result of a non saturating multiply-accumulate operation.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — @ — @ — @ — @ - @ - @ - @ - @ - @ - - = = = = —
R/W RW R/W R/W R/W R/W R/W R/W RW R/W R/W RW RW R/W R/W R/W R/W

Note: MACL requires word-size access.
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5.3 Operation

The operation of the H8/539's on-chip multiplier module will be described in the following order:
initialization of MULT result registers; register read/write; bus-stealing function; then multiply and
multi ply-accumulate operations.

5.3.1 Initialization of MULT Result Registers

MULT result registers MACXH, MACH, and MACL are not initialized by areset. In amultiply-
accumulate operation, in which the multiplication result is added to the value in the MULT result
registers, the MULT result registers must be initialized before use, either by clearing them or by
writing the necessary values in them ahead of time. Initialization is not necessary when these
registers are only used for multiplication.

Initialization should be performed by one of the following methods.

(1) Individual Register Initialization: The registers can beinitialized by writing to them
individually. The MACH and MACL registers must be written to consecutively.

Example:

MOV.W #H'0000, @MACXH
MOV.W #H'0000, @MACH ; Do not change the order
MOV.W #H'0000, @MACL ; of these two instructions

or
CLRW @MACXH

CLR.W @MACH ; Do not change the order
CLR.W @MACL ; of these two instructions

(2) One-Step Initialization: All three registers can beinitialized at once. MACXH, MACH, and
MACL are dl initialized to H'0000, regardless of the write data.

Example:

BSET.B #7, @MLTCR : Set CLR bitin MLTCR
MOV.W #aa:16, @MACXH ; Destination can be @MACH or @M ACL instead
(BCLR.B #7, @MLTCR)

The one-step initialization function operates at a write accessto MACXH, MACH, or MACL. It
does not operate at aread access, or awrite access to any other register, so the CLR hit does not
necessarily have to be cleared to O after one-step initialization.
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5.3.2 Writingto MULT Multiplier Registers

The MULT multiplier registers (MCA, MCB, MCC) can be loaded by writing to them directly, or
by bus stealing. The bus-stealing function and direct writing are performed independently for
MCA, MCB, and MCC, so both types of |oading can be used together.

(1) Direct Writing: This method writesto MCA, MCB, or MCC by direct addressing. Specify the
address of MCA, MCB, or MCC as the destination operand in awrite instruction. Be sureto use a
word-size instruction.

Example:
MOV.W #aa:16, @M CA ; Write 16-bit datain MCA

(2) Loading Data by Bus Stealing: When the CPU accesses its memory address space, the data
on the data bus can loaded automatically into aMULT multiplier register (bus stealing). Bus
stealing is performed only for particular addresses, which are specified in the MULT multiplier
addressregister (MLTAR) and MULT base address register (MLTBR).

For further information, see section 5.3.3 “Bus-Stealing Function.”
Example:

BSET.B #6, @MLTCR ;
MOV.B #H'FE, @MLTBR ; Set up bus-stealing function
MOV.B #H'80, @MLTAR ;

MOV.W #aa: 16, @FESO ; Write data #aa: 16 to @FE80 and load same datainto MCA

MOV.W @FEB80, RO ; Read data from @FE80 and |oad same datainto MCA
; TST.W @FEB80 instruction would do the same

5.3.3 Bus-Stealing Function

The bus-stealing function loads the value on the data bus into the HSMULT module when the CPU
accesses its memory address space. The bus-stealing function can be used to multiply or multiply-
and-accumul ate two values stored in memory.

The bus-stealing function can be enabled or disabled by bit 6 (S_ON) in the MULT control register
(MLTCR).
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(1) Loading of Multiplier by Bus Stealing: Figure 5-2 shows the loading of datainto register
MCA by bus stealing. If the S_ON hit is set to 1, the HSMULT module monitors the address bus
when the CPU accesses its memory address space, and compares the address (@aa: 16) on the bus
with the MULT base address register (MLTBR) and MULT multiplier address register (MLTAR).

If MLTBR (upper 8 bits) and MLTAR (lower 8 bits) = @aa: 16, the data on the data busis loaded
into MULT multiplier register A (MCA).

If MLTBR (upper 8 bits) and MLTAR (lower 8 bits) + 2 = @aa: 16, the data on the data bus is
loaded into MULT multiplier register B (MCB).

If MLTBR (upper 8 bits) and MLTAR (lower 8 bits) + 4 = @aa: 16, the data on the data bus is
loaded into MULT multiplier register C (MCC).

Direct write control section «——— — > Bus-stealing control section

< Address bus (@aa:16) >

< Data bus (#aa:16) >

Upper 8 Lower 8
\ address bits address bits
MLTBR | | MLTAR

Address decoder (@aa: 16)

write Address comparator

AN
Y S_ON (MLTCR hit 6)
MCA (#aa: 16) |- 5 ~ | 5 _
‘ us || ead/write
McB — |interface
mcc - Controls writing to registers

Data on bus loaded into MCA

Figure5-2 Loading of Datainto Register MCA by Bus Stealing
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(2) Loading of Multiplicand and Activation of Multiplier by Bus Stealing: Figure 5-3 shows
the loading of the multiplicand and automatic selection of the multiplier register by bus stealing. If
the S _ON hit isset to 1, the HSMULT module monitors the address bus when the CPU accesses its
memory address space, and compares the address (@aa:16) on the bus with the MULT base
address register (MLTBR) and MULT multiplicand address register (MLTMAR).

If MLTBR (upper 8 bits) and MLTMAR (lower 8 bits) = @aa: 16, the data on the data bus is [oaded
as the multiplicand, the multiplier is fetched from MULT multiplier register A (MCA), and these
values are multiplied, or multiplied and accumulated.

If MLTBR (upper 8 bits) and MLTMAR (lower 8 bits) + 2 = @aa: 16, the multiplier is fetched
from MULT multiplier register B (MCB).

If MLTBR (upper 8 bits) and MLTMAR (lower 8 bits) + 4 = @aa: 16, the multiplier is fetched
from MULT multiplier register C (MCC).

< Address bus (@aa:16) >
< Data bus (#aa:16) >

| Upper 8 Lower 8
Activate multiplier : address bits address bits
matrix (@aa:16) | MLTBR | | MLTMAR

|

\1 Multiplicand

;] Address comparator
Multiplier matrix | )
- ! S_ON (MLTCR bit 6)
- !
Multiplier w .
| : Read/write

MCA (#aa: 16) > Lo Bus-stealing control section -----------:

_| Bus | |
McB " |interface
MCC > Multiplier selected automatically

Figure5-3 Loading of Multiplicand and Activation of Multiplier by Bus Stealing
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5.3.4 Multiply and Multiply-Accumulate Functions

The HBMULT module can execute 16 x 16-bit multiplication, and accumulate products up to a
data length of 42 bits. The multiplier and multiplicand on which arithmetic is carried out can be
specified in two ways. They can be loaded directly into the HSMULT module, or data on memory
can be loaded into the HBMULT module by the bus-stealing function.

(1) Multiply: Direct Loading of Multiplier and Multiplicand: The procedure is given next.
(@) Select the multiply function.

— Unsigned multiplication: Set bits 2 to 0 (SIGN, MUL, MAC) in the MULT control register
(MLTCR) to 010.

Theresults are stored in 32-bit form of MACH and MACL registers. When an overflow occurs,
set bit 0 inthe MACXH register to 1.

— Signed multiplication: Set MLTCR bits2to 0 (SIGN, MUL, MAC) to 110.

Thre results are stored in 42-bit form of MACXH, MACH and MACL registers. In this case, an
overflow is not detected.

(b) Set the multiplier and multiplicand.

Load the multiplier into the MULT immediate multiplier register (MR), then load the
multiplicand into the MULT immediate multiplicand register (MMR). The multiplier matrix is
activated automatically when the multiplicand is loaded.

Be sure to use word-size data transfer instructions to load the multiplier and multiplicand. The
instruction that loads MMR must be executed immediately after the instruction that loads MR.
A coding exampleis given next.

Example: signed multiplication, #AAAA x #BBBB

MOV.B #06, @MLTCR ;SIGN=1, MUL =1
MOV.W #AAAA, @MR ; Load multiplier
MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying
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(2) Multiply: Multiplier Loaded by Bus Stealing, Multiplicand L caded Directly: The
procedure is given next.

(@) Select the multiply function.
See under (1).
(b) Select the bus-stealing function.

Set bit 6 (S_ON) to 1inthe MULT control register (MLTCR), and specify the address at
which the multiplier will be located in the MULT base address register (MLTBR) and MULT
multiplier address register (MLTAR). The multiplier can be located in any of three words
starting at the specified address. Place the upper eight bits of the addressin MLTBR and the
lower eight bitsin MLTAR. See the example in figure 5-4.

H8MULT Memory
MLTBR #EE Set this address
MLTAR #80
H'EE80 #(multiplier 0)
H'EE82 #(multiplier 1)
H'EE84 #(multiplier 2)

Figure5-4 MLTBR and MLTAR Settings
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(c) Setthe multiplier and multiplicand

The multiplicand must be set immediately after the multiplier. First access the multiplier on
memory, then |oad the multiplicand into MMR. The multiplier matrix is activated
automatically when the multiplicand is loaded.

Be sure to use word-size instructions to access the multiplier on memory and load the
multiplicand. These instructions must be executed consecutively.

A coding exampleis given next. Figure 5-5 shows the data flow.

Example: Unsigned multiplication, multiplier x #8BBB, multiplier loaded from @EE80 on
memory by bus stealing

MOV.B #42, @MLTCR ;SON=1,MUL=1
MOV.B #EE, @MLTBR
MOV.B #80, @MLTAR ; Multiplier address = #EE80

MOV.W @EES80, RO ; Access multiplier address
; Bus-stealing function loads multiplier into MCA
MOV.W #BBBB, @MMR ; Load multiplicand to start multiplying multiplier x #BBBB

Memory
RO ;
H8MULT H'EE80 #(multiplier 0)
MLTBR #HEE H'EE82 #(multiplier 1)
MLTAR #80 H'EE84 #(multiplier 2)

Multiplier matrix

#BBBB #(multiplier 0) is loaded by bus stealing
into MCA, then into multiplier matrix

MCA -

MCB

MCC

Figure5-5 Multiplication Data Flow
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(3) Multiply: Multiplier and Multiplicand L oaded by Bus Stealing
(@) Select the multiply function.

See under (2).
(b) Select the bus-stealing function.

See under (2) (b).

To load the multiplicand by bus stealing, in addition to the stepsin (2) (b), set the lower eight
bits of the address where the multiplicand will be located in the MULT muiltiplicand address
register (MLTMAR). See the examplein figure 5-6.

Memor
H8MULT Y
MLTBR #EE o H'EES0 #(multiplier 0)
MLTAR #80 H'EES2 #(multiplier 1)

MLTMAR #A0 \ H'EE84 #(multiplier 2)

H'EEAO #(multiplicand 0)
H'EEA2 #(multiplicand 1)
H'EEA4 #(multiplicand 2)

Figure5-6 MLTBR, MLTAR, and MLTMAR Settings
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(c) Setthe multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecutive.
When the multiplier is accessed on memory, it is temporarily stored in one of the MULT
multiplier registers (MCA, MCB, or MCC) by the bus-stealing function. After that, when the
multiplicand is accessed, the multiplier is fetched from MCA, MCB, or MCC, the multiplier
and multiplicand are both loaded into the HSMULT module, and multiplication begins.

The register from which the multiplier is fetched is determined by the multiplicand address.
For details see section 5.3.3 “Bus-Stealing Function.” A coding exampleis given next. Figure
5-7 shows the data flow.

Example:  Unsigned multiplication, multiplier (@EE80) x multiplicand (@EEADO), loaded
from memory by bus stealing

MOV.B #42, @MLTCR ;SON=1,MUL=1

MOV.B #EE, @MLTBR

MOV.B #80, @MLTAR ; Multiplier address = #EE80
MOV.B #A0, @MLTMAR ; Multiplicand address = #EEAO
MOV.W @EES80, RO ; Access multiplier address

; Bus-stealing function loads multiplier into MCA

MOV.W @EEAOQ, RO ; Access multiplicand address; HBMULT loads multiplicand
; by bus-stealing function, gets multiplier from MCA,
; loads multiplier into multiplier matrix, and starts
; multiplying
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(4)

Multiply and Accumulate: Direct Loading of Multiplier and Multiplicand: The procedure

isgiven next.

@

(b)

Select the multiply-accumul ate function.

— Saturating accumulation: Set bits 2 to 0 (SIGN, MUL, MAC) in the MULT control register
(MLTCR) to 001. Theresults are stored in 32-bit form of MACH and MACL registers.
When an overflow occurs, set bit 0 in the MACXH register to 1.

— Non-saturating accumulation: Set bits 2 to 0 (SIGN, MUL, MAC) in the MULT control
register (MLTCR) to 101. The results are stored in 42-bit form of MACXH, MACH, and
MACL registers. In this case, an overflow is not detected.

Set a constant and specify the multiplier and multiplicand.

First set aconstant in the MULT result registers (MACXH, MACH, MACL), or clear these
registers. Next load the multiplier into the MULT immediate multiplier register (MR), then
load the multiplicand into the MULT immediate multiplicand register (MMR). The multiplier
matrix is activated automatically when the multiplicand is loaded.

The operation performed is (multiplier) x (multiplicand) + (constant).

Be sure to use word-size data transfer instructions to load the multiplier and multiplicand. The
instruction that loads MMR must be executed immediately after the instruction that loads MR.
A coding exampleis given next.

Example: Non-saturating multiply-accumulate, #AAAA x #BBBB + #CCCC

BSET.B #7, @MLTCR ;CLR=1
CLR.W @MACXH ; Initialize MACXH, MACH, and MACL
BCLR.B #7, @QMLTCR ;CLR=0

MOV.W #0000, @MACH

MOV.W #CCCC, @MACL  ; Set 32-bit constant

MOV.B #05, @MLTCR ;SIGN=1, MAC=1

MOV.W #AAAA, @MR ; Load multiplier

MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying
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(5) Multiply and Accumulate: Multiplier Loaded by Bus Stealing, M ultiplicand L oaded
Directly: The procedureis given next.

(@) Select the multiply-accumulate function.
See under (4).
(b) Select the bus-stealing function.

Set bit 6 (S_ON) to 1 inthe MULT control register (MLTCR), and specify the address at
which the multiplier will be located in the MULT base address register (MLTBR) and MULT
multiplier address register (MLTAR). The multiplier can be located in any of three words
starting at the specified address. Place the upper eight bits of the addressin MLTBR and the
lower eight bitsin MLTAR.

(c) Setthe multiplier and multiplicand

The multiplicand must be set immediately after the multiplier. First access the multiplier on
memory, then |oad the multiplicand into MMR. The multiplier matrix is activated
automatically when the multiplicand is loaded.

Be sure to use word-size instructions to access the multiplier on memory and load the
multiplicand. These instructions must be executed consecutively.

A coding exampleis given next.

Example: Saturating accumulation, multiplier x #BBBB + #CCCC, multiplier loaded from
@EES80 on memory by bus stealing

BSET.B #7, @MLTCR ;CLR=1
CLR.W @MACXH
BCLR.B #7, @QMLTCR ;CLR=0

MOV.W #0000, @MACH
MOV.W #CCCC, @MACL

MOV.B #41, @MLTCR ;SON=1,MAC=1,SIGN=0
MOV.B #EE, @MLTBR

MOV.B #80, @MLTAR ; Multiplier address = #EE80
MOV.W @EES80, RO ; Access multiplier address

; Bus-stealing function loads multiplier into MCA
MOV.W #BBBB, @MMR ; Load multiplicand to start multiply-accumulate operation
; multiplier x #8BBB + #CCCC.
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(6) Multiply and Accumulate: Multiplier and Multiplicand L oaded by Bus Stealing

@

(b)

(©

Select the multiply-accumulate function.
See under (4).

Select the bus-stealing function.

See under (5) (b).

To load the multiplicand by bus stealing, in addition to the stepsin (5) (b), set the lower eight
bits of the address where the multiplicand will be located in the MULT muiltiplicand address
register (MLTMAR).

Set the multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecutive.
When the multiplier is accessed on memory, it is temporarily stored in one of the MULT
multiplier registers (MCA, MCB, or MCC) by the bus-stealing function. After that, when the
multiplicand is accessed, the multiplier is fetched from MCA, MCB, or MCC, the multiplier
and multiplicand are both loaded into the HSMULT module, and multiplication begins.

The register from which the multiplier is fetched is determined by the multiplicand address.
For details see section 5.3.3 “Bus-stealing function.” A coding exampleis given next.

Example: Saturating multiplication and accumulation, bus stealing,
multiplier (@EE80) x multiplicand (@EEAQ) + #CCCC

BSET.B #7, @MLTCR ;CLR=1
CLR.W @MACXH
BCLR.B #7, @MLTCR ;CLR=0

MOV.W #0000, @MACH
MOV.W #CCCC, @MACL

MOV.B #41, @MLTCR ;SON=1 MAC=1
MOV.B #EE, @MLTBR
MOV.B #80, @MLTAR ; Multiplier address = #EE80

MOV.B #A0, @MLTMAR ; Multiplicand address = #EEAQ

MOV.W @EES0, RO ; Access multiplier address
; Bus-stealing function loads multiplier into MCA

MOV.W @EEAOQ, RO ; Access multiplicand address; HBMULT loads multiplicand
; by bus-stealing function, fetches multiplier from MCA,
; loads multiplier into multiplier matrix, and starts multiplying
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Section 6 Interrupt Controller

6.1 Overview

Theinterrupt controller decides when to start interrupt exception handling and when to start the
data transfer controller (DTC), and arbitrates between competing interrupts. This section
describes the interrupts and the functions, features, internal structure, and registers of the interrupt
controller.

For details of data transfers performed by the DTC, see section 7, “Data Transfer Controller.”
6.1.1 Features

The features of the interrupt controller are:

e Sixinterrupt priority registers (IPR)

Priority levelsfrom 7 to O can be assigned to IRQO, IRQ1 to IRQ3, and each of the on-chip
supporting modules, covering all interrupts except NMI.

e Default priority order for simultaneous interrupts on the same level

Lower-priority interrupts remain pending until higher-priority interrupts have been handled.
NMI has the highest priority level (8) and cannot be masked.

e Six datatransfer enable (DTE) registers

Software can select which interrupts (other than NMI) to have served by the DTC.

111



6.1.2 Block Diagram

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

NMI NI

L — 1 request
IRQo : 2, !
—= : S ‘
IRQ1-3 i = |
» i S !
g |pu — & 3 |
2 | . ] |
2! ] o S !
1 I —" " :
< scn a2 g |

g E . ! = £ S " [ )—Interrupt

5 5 SCI2/SCI3 ! L | IS ' request
2 | A/D converter ; [ ] 2 :
Q | L :
g L | L
§ 5 A s
s 5 3

= s+ —J )y=DTC
: fa) ! request
L[ lo]| SR(cPU)
Legend

IPU:  Integrated-timer pulse unit
WDT: Watchdog timer

SCI:  Serial communication interface
SR: Status register

IPR: Interrupt priority register

DTE: Data transfer enable register

*H8/539 only

Figure6-1 Block Diagram
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6.1.3 Register Configuration

Theinterrupt controller has six interrupt priority registers (IPRA to IPRF) and six data transfer
enableregisters (DTEA to DTEF). Seesection 7.2.5, “Data Transfer Enable Registers A to F’ for
details of DTEA to DTEF.

Table 6-1 summarizes these registers.

Table6-1 Interrupt Controller Registers

Address Name Abbreviation R/W Initial Value
H'FFO0 Interrupt priority register A IPRA R/W H'00
H'FFO1 Interrupt priority register B IPRB R/W H'00
H'FF02 Interrupt priority register C IPRC R/W H'00
H'FFO3 Interrupt priority register D IPRD R/W H'00
H'FF04 Interrupt priority register E IPRE R/W H'00
H'FFO05 Interrupt priority register F IPRF R/W H'00
H'FF08 Data transfer enable register A DTEA R/W H'00
H'FF09 Data transfer enable register B DTEB R/W H'00
H'FFOA Data transfer enable register C DTEC R/W H'00
H'FFOB Data transfer enable register D DTED R/W H'00
H'FFOC Data transfer enable register E DTEE R/W H'00
H'FFOD Data transfer enable register F DTEF R/W H'00

Table 6-2 summarizes the NMI control register (NMICR), IRQ control register (IRQCR), and IRQ
flag register (IRQFR).

Table6-2 Interrupt Controller Registers

Address Name Abbreviation R/W Initial Value
H'FF1C NMI control register NMICR R/W H'FE
H'FF1D IRQ control register IRQCR R/W H'FO
H'FEDE IRQ flag register IRQFR R/W HF1
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6.2 Interrupt Sources

There are two types of interrupts: external interrupts (NMI, IRQO, IRQL1 etc.), and internal
interrupts (39 sources). Tables 6-3 and 6-4 indicates the default priority order and vector
addresses of these interrupts.

When multiple interrupts occur simultaneously, the interrupt with the highest priority is served
first. Using IPRA to IPRF, software can assign priorities to interrupts on amodule basis. Relative
priorities within the same module are fixed. If the same priority is assigned to two or more
modules, simultaneous interrupt requests from those modules are served in the priority order in
tables 6-3 and 6-4.

After areset, al interrupts except NMI are assigned priority 0 and are disabled.
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Table6-3 Interrupt Prioritiesand Vector Addresses (H8/538)

Assignable Priority
Priority Priority Vector Table Entry Address among
Levels within Minimum Maximum Interrupts on
Interrupt Source (initial value) IPR Bits Module Mode Mode Same Level
NMI 8(8) — — H'0016-0017 H'002C-002F High
IRQO 7-0 (0) IPRA 2 H'0040-0041 H'0080-0083 A
Interval timer upper 1 H'0042-0043 H'0084-0087
A/ID ADI 4 bits 0 H'0044-0045 H'0088-008B
converter
IRQ1 7-0 (0) IPRA 2 H'0048-0049 H'0090-0093
IRQ2 lower 1 H'004A-004B  H'0094-0097
IRQ3 4 bits 0 H'004C-004D H'0098-009B
IPU IMI1 7-0 (0) IPRB 3 H'0050-0051 H'00A0-00A3
channel IMI2 upper 2 H'0052-0053 H'00A4—-00A7
1 CMI1/CMI2 4 bits 1 H'0054-0055 H'00A8-00AB
ovi 0 H'0056-0057 H'00AC—-00AF
IMI3 7-0 (0) IPRB 2 H'0058-0059 H'00B0-00B3
IMI4 lower 1 H'005A-005B H'00B4-00B7
CMI3/CMI4 4 bits 0 H'005C-005D H'00B8-00BB
IPU IMI1 7-0 (0) IPRC 3 H'0060-0061 H'00C0-00C3
channel IMI2 upper 2 H'0062-0063 H'00C4-00C7
2 CMI1/CMI2 4 bits 1 H'0064-0065 H'00C8-00CB
ovi 0 H'0066-0067 H'00CC-00CF
IPU IMI1 7-0 (0) IPRC 3 H'0068-0069 H'00D0-00D3
channel IMI2 lower 2 H'006A-006B H'00D4-00D7
3 CMI1/CMI2 4 bits 1 H'006C-006D H'00D8-00DB
ovi 0 H'006E-006F H'00DC-00DF
IPU IMI1 7-0 (0) IPRD 3 H'0070-0071 H'O0EO-OOE3
channel IMI2 upper 2 H'0072-0073 H'O0E4-00E7
4 CMI1/CMI2 4 bits 1 H'0074-0075 H'O0E8-00EB
ovi 0 H'0076-0077 H'O0EC-00EF
IPU IMI1 7-0 (0) IPRD 3 H'0078-0079 H'00F0-00F3
channel IMI2 lower 2 H'007A-007B H'00F4-00F7
5 CMI1/CMI2 4 bits 1 H'007C-007D H'00F8-00FB
ovi 0 H'007E-007F H'00FC—-00FF
IPU IMI1 7-0 (0) IPRE 2 H'0080-0081 H'0100-0103
channel IMI2 upper 1 H'0082-0083 H'0104-0107
6 ovi 4 bits 0 H'0086-0087 H'010C-010F
IPU IMI1 7-0 (0) IPRE 2 H'0088-0089 H'0110-0113
channel IMI2 lower 1 H'008A-008B H'0114-0117
7 ovi 4 bits 0 H'008E-008F H'011C-011F
SClI1 ERI1 7-0 (0) IPRF 3 H'0090-0091 H'0120-0123
RI1 upper 2 H'0092-0093 H'0124-0127
TI1 4 bits 1 H'0094-0095 H'0128-012B
TEI1 0 H'0096-0097 H'012C-012F
SCI2 ERI2 7-0 (0) IPRF 3 H'0098-0099 H'0130-0133
RI2 lower 2 H'009A-009B H'0134-0137
TI2 4 bits 1 H'009C-009D H'0138-013B Y
TEI2 0 H'009E-009F H'013C-013F Low
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Table6-4 Interrupt Prioritiesand Vector Addresses (H8/539)

Assignable Priority
Priority Priority Vector Table Entry Address among
Levels within Minimum Maximum Interrupts on
Interrupt Source (initial value) IPR Bits Module Mode Mode Same Level
NMI 8(8) — — H'0016-0017 H'002C-002F High
IRQO 7-0 (0) IPRA 2 H'0040-0041 H'0080-0083 A
Interval timer upper 1 H'0042-0043 H'0084-0087
A/ID ADI 4 bits 0 H'0044-0045 H'0088-008B
converter
IRQ1 7-0 (0) IPRA 2 H'0048-0049 H'0090-0093
IRQ2 lower 1 H'004A-004B H'0094-0097
IRQ3 4 bits 0 H'004C-004D H'0098-009B
IPU IMI1 7-0 (0) IPRB 3 H'0050-0051 H'00A0-00A3
channel IMI2 upper 2 H'0052-0053 H'00A4—-00A7
1 CMI1/CMI2 4 hits 1 H'0054-0055 H'00A8-00AB
ovi 0 H'0056-0057 H'O0AC-00AF
IMI3 7-0 (0) IPRB 2 H'0058-0059 H'00B0-00B3
IMI4 lower 1 H'005A-005B H'00B4-00B7
CMI3/CMI4 4 hits 0 H'005C-005D H'00B8-00BB
IPU IMI1 7-0 (0) IPRC 3 H'0060-0061 H'00C0-00C3
channel IMI2 upper 2 H'0062-0063 H'00C4-00C7
2 CMI1/CMI2 4 hits 1 H'0064-0065 H'00C8-00CB
ovi 0 H'0066—0067 H'00CC-00CF
IPU IMI1 7-0 (0) IPRC 3 H'0068-0069 H'00D0-00D3
channel IMI2 lower 2 H'006A-006B H'00D4-00D7
3 CMI1/CMI2 4 hits 1 H'006C-006D H'00D8-00DB
ovi 0 H'006E-006F H'00DC-00DF
IPU IMI1 7-0 (0) IPRD 3 H'0070-0071 H'O0EO0-00E3
channel IMI2 upper 2 H'0072-0073 H'00E4-00E7
4 CMI1/CMI2 4 hits 1 H'0074-0075 H'O0E8-00EB
ovi 0 H'0076-0077 H'O0EC-00EF
IPU IMI1 7-0 (0) IPRD 3 H'0078-0079 H'O0F0-00F3
channel IMI2 lower 2 H'007A-007B H'00F4—-00F7
5 CMI1/CMI2 4 hits 1 H'007C-007D H'00F8-00FB
ovi 0 H'007E-007F H'O0FC-00FF
IPU IMI1 7-0 (0) IPRE 2 H'0080-0081 H'0100-0103
channel IMI2 upper 1 H'0082-0083 H'0104-0107
6 ovi 4 bits 0 H'0086-0087 H'010C-010F
IPU IMI1 7-0 (0) IPRE 2 H'0088-0089 H'0110-0113
channel IMI2 lower 1 H'008A-008B H'0114-0117
7 ovi 4 bits 0 H'008E-008F H'011C-011F
SCi1 ERI1 7-0 (0) IPRF 3 H'0090-0091 H'0120-0123
RI1 upper 2 H'0092-0093 H'0124-0127
TI1 4 hits 1 H'0094-0095 H'0128-012B
TEI1 0 H'0096-0097 H'012C-012F
SCi2/ ERI2/ERI3  7-0 (0) IPRF 3 H'0098-0099 H'0130-0133
SCI3 RI2/RI3 lower 2 H'009A-009B H'0134-0137
TI2/ITI3 4 hits 1 H'009C-009D H'0138-013B Y
TEI2/TEI3 0 H'009E-009F H'013C-013F Low
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The five external interrupts are NMI and IRQO to IRQ3.

Each external interrupt is described below.

6.2.1 NM|

NMI has the highest interrupt priority level (8) and cannot be masked. Input at the NMI pinis
edge-sensed. Either therising edge or falling edge can be selected by setting or clearing the
nonmaskabl e interrupt edge bit (NMIEG) in the NMI control register (NMICR).

In NMI exception handling the T bit in the status register (SR) iscleared to O and I, to I are dl
set to 1, thereby setting the interrupt mask level to 7.

NMI Control Register (AddressH'FF1C): The NMI control register (NMICR) selects the
sensitive edge of the NMI input. NMICR isinitialized to H'FE by areset and in hardware standby
mode. Itisnot initialized in software standby mode. The NMICR hit structure is shown next.

Bit 7 6 5 4 3 2 1 0
I N e N Y

Initial value 1 1 1 1 1 1 1 0

R/W — — — — — — — R/W

Nonmaskable

interrupt edge
) Selects sensitive
Reserved bits edge of NMI input

(1) Bits7to1—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 0—NonmaskableInterrupt Edge (NMIEG): Selectsthe sensitive edge of the NMI
input.

Bit 0

NMIEG Description

0 NMI is requested on falling edge of NMI input (Initial value)
1 NMI is requested on rising edge of NMI input
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6.2.2 IRQO

An IRQO interrupt can be requested by an interrupt signal from the IRQg pin or an interrupt signal
from the watchdog timer (WDT). These two interrupt sources have different vectors.

The interrupt from the IRQg pin islevel-sensed. A low IRQg input requests an IRQO interrupt if
the interrupt request enable 0 bit (IRQOE) in the IRQ control register (IRQCR) issetto 1. A
WDT overflow requests an IRQO interrupt when the WDT is set to interval timer mode. The
WDT then requests an IRQO interrupt each time the timer counter (TCNT) overflows.

A priority level from 7 to O can be assigned to IRQO in the upper four bits of IPRA. If bit 4in
DTEA issetto 1, IRQO is served by the DTC.

In IRQO exception handling the T bit in SR is cleared to 0 and the interrupt mask level is set to the
value selected in the four upper bits of IPRA.

6.2.3 IRQ1toIRQ3

Interrupts IRQ1 to IRQ3 are requested by interrupt signals from the IRQ; to IRQ pins. The
IRQ; to IRQ3 inputs are sensed on the falling edge. The falling edge generates an IRQ1, IRQ2,
or IRQ3 interrupt request if the interrupt request enable 1, 2, or 3 bit (IRQ1E, IRQ2E, or IRQ3E)
in the IRQ control register (IRQCR) isset to 1.

A priority level from 7 to 0 can be assigned to IRQ1, IRQ2, and IRQ3 collectively in the lower
four bitsof IPRA. If bits2to 0in DTEA are set, these interrupts are served by the DTC.

In IRQ1, IRQ2, and IRQ3 exception handling the T bit in SR is cleared to 0 and the interrupt
mask level is set to the value selected in the lower four bits of IPRA.

IRQ Control Register (Address H'FF1D): The IRQ control register (IRQCR) enables and
disables inputs at TRQ3, IRQ,, IRQ;, and IRQ. IRQCR isinitialized to H'FO by areset and in
hardware standby mode. It isnot initialized in software standby mode. The bit structure of
IRQCR is shown next.

Bit 7 6 5 4 3 2 1 0

| — ‘ — ‘ — ‘ — ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE |
Initial value 1 1 1 1 0 0 0 0
R/W — — — — R/W R/W R/W R/W

Interrupt request enable bits

_ These bits select functions
Reserved bits of pins in ports 6 and 7
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(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 3—Interrupt Request 3 Enable (IRQ3E): Selects the function of pin P6;.

Bit 3

IRQ3E Description

0 P6, is used for general-purpose input and output (Initial value)
1 P6, is used for IRQ; input

(3) Bit 2—Interrupt Request 2 Enable (IRQ2E): Selects the function of pin P&.

Bit 2

IRQ2E Description

0 P6¢ is used for general-purpose input and output (Initial value)
1 P6y is used for IRQ, input

(4) Bit 1—Interrupt Request 1 Enable (IRQ1E): Selects the function of pin P7;.

Bit 1

IRQ1E Description

0 P7, is used for general-purpose input and output (Initial value)
1 P7, is used for IRQ, input

(5) Bit 0—Interrupt Request 0 Enable (IRQOE): Selects the function of pin P7g.

Bit 0

IRQOE Description

0 P7g is used for general-purpose input and output (Initial value)
1 P7, is used for IRQg input
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IRQ Flag Register (Address H'FEDE): The IRQ flag register (IRQFR) indicates the presence of
IRQ3, IRQ2, and IRQL interrupt requests. When IRQ3, IRQ2, or IRQ1 is requested by external
input, the H8/500 CPU sets the interrupt request 1, 2, or 3 flag (IRQ3F, IRQ2F, or IRQ1F) to 1.
Theinterrupt request can be cleared by reading this flag after it has been set to 1, then writing 0.
The H8/500 CPU clears IRQ3F, IRQ2F, or IRQ1F to O when it outputs the interrupt vector.

IRQFR isinitialized to H'F1 by areset and in hardware standby mode. Itisnot initialized in
software standby mode. The bit structure of IRQFR is shown next.

Bit 7 6 5 4 3 2 1 0

| — \ — \ — \ — \ IRQ3F \ IRQ2F \ IRQLF \ — |
Initial value 1 1 1 1 0 0 0 1
R/W — — — — R/W* R/W* R/W* —

Reserved bit

Interrupt request flags
These bits indicate
Reserved bits interrupt request input

Note: * Software can write O to clear the flag.

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 3—Interrupt Request 3 Flag (IRQ3F): Indicates that interrupt request 3 (IRQ3) has
been input.

Bit 3

IRQ3F Description

0 Interrupt request 3 (IRQ3) has not been input (Initial value)
1 Interrupt request 3 (IRQ3) has been input and is waiting for interrupt service

(Clearing conditions)

1. Cleared automatically when the H8/500 CPU accepts IRQ3 and the interrupt
vector is output

2. Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ3 interrupt request is deleted
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(3) Bit 2—Interrupt Request 2 Flag (IRQ2F): Indicates that interrupt request 2 (IRQ2) has
been input.

Bit 2

IRQ2F Description

0 Interrupt request 2 (IRQ2) has not been input (Initial value)
1 Interrupt request 2 (IRQ2) has been input and is waiting for interrupt service

(Clearing conditions)

1. Cleared automatically when the H8/500 CPU accepts IRQ2 and the interrupt
vector is output

2. Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ?2 interrupt request is deleted

(4) Bit 1—Interrupt Request 1 Flag (IRQ1F): Indicates that interrupt request 1 (IRQ1) has
been input.

Bit 1

IRQ1F Description

0 Interrupt request 1 (IRQ1) has not been input (Initial value)
1 Interrupt request 1 (IRQ1) has been input and is waiting for interrupt service

(Clearing conditions)

1. Cleared automatically when the H8/500 CPU accepts IRQ1 and the interrupt
vector is output

2. Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ1 interrupt request is deleted

(5) Bit 0—Reserved: Read-only bit, always read as 1.
6.2.4 Internal Interrupts

There are 39 internal interrupt sources in the on-chip supporting modules. A different interrupt
vector address is assigned to each source, so the interrupt handling routine does not have to
determine which interrupt has occurred.

Priority levelsfrom 7 to 0 are assigned to each module in IPRA to IPRF. DTEA to DTEF indicate
which interrupts in each module are served by the DTC.

When an internal interrupt request is accepted, the T bit in SR is cleared to 0 and the interrupt
mask level in |5 to Igis set to the value selected in IPRA to IPRF.
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6.3 Register Descriptions
6.3.1 Interrupt Priority RegistersA toF

The six interrupt priority registers (IPRA to IPRF) assign priority levels from 7 to O to interrupt
sources other than NMI. A reset initializes IPRA to |PRF to H'00.

The bit structure of IPRA to |PRF is shown next.

Bit 7 6 5 4 3 2 1 0
I N R T R

Initial value 0 0 0 0 0 0 0 0

R/W R R/W R/W R/W R R/W R/W R/W

L L Lower four bits

Upper four bits

(1) Bits7to4—Interrupt Priority, Upper Four Bits: These bits select an interrupt priority
level. Bit 7 must always be cleared to 0.

(2) Bits3toO0—lInterrupt Priority, Lower Four Bits: These hits select an interrupt priority
level. Bit 3 must always be cleared to 0.

The on-chip supporting modules are mapped onto the interrupt priority registers as shownin
tables 6-5 and 6-6. Each interrupt priority register is assigned two on-chip supporting modules.
The upper four bits of the interrupt priority register specify the priority level of one module; the
lower four bits specify the priority of the other module.

Table 6-7 indicates how priority levels are set in the interrupt priority registers. For example, to
assign level 7to SCI1, set bits6to 4 in IPRF to 111.
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Table6-5 On-Chip Supporting Modulesand Interrupt Priority Registers (H8/538)

Bits 6to 4 Bits 2to 0
Register On-Chip Supporting Module On-Chip Supporting Module
IPRA IRQ,, WDT, A/D converter IRQ; to IRQ;
IPRB IPU channel 1 IPU channel 1
IPRC IPU channel 2 IPU channel 3
IPRD IPU channel 4 IPU channel 5
IPRE IPU channel 6 IPU channel 7
IPRF SCI1 SCI2

Table6-6 On-Chip Supporting Modulesand Interrupt Priority Registers (H8/539)

Bits 6to 4 Bits 2to 0
Register On-Chip Supporting Module On-Chip Supporting Module
IPRA IRQp, WDT, A/D converter IRQ; to IRQg
IPRB IPU channel 1 IPU channel 1
IPRC IPU channel 2 IPU channel 3
IPRD IPU channel 4 IPU channel 5
IPRE IPU channel 6 IPU channel 7
IPRF SClI1 SCI2/SCI3

Table6-7 Interrupt Priority Settingsin IPRH and | PRL

Setting of Bits 6 to 4

orBits2to 0

Interrupt Priority Level

000

0

001

010

011

100

101

110

111

N o || WIN|RE
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6.3.2 Timing of Priority Changes

Theinterrupt controller requires two system clock cycles (29) to determine the priority level of an
interrupt. When an instruction modifies an instruction priority register, the new priority takes
effect starting from the third state after that instruction has been executed.

6.4 Interrupt Operations

Interrupt operations are described next.

6.4.1 Operationsup to Interrupt Acceptance

Figure 6-2 isaflowchart of the interrupt sequence up to the point at which an interrupt is
accepted.

1

Theinterrupt controller receives interrupt request signals from one or more on-chip
supporting modules or external interrupt sources.

Theinterrupt controller checks the interrupt priorities assigned in IPRA to IPRF and selects
the interrupt with the highest priority level. Interrupts with lower priorities remain pending.
Among interrupts with the same assigned level, the interrupt controller determines priority as
explained in table 6-3, 6-4.

Theinterrupt controller compares the priority level of the selected interrupt request with the
mask level in SR bits1, to l. If the priority level isequal to or less than the mask level, the
interrupt request remains pending. If the priority level is higher than the mask level, the
interrupt controller accepts the interrupt request.

After accepting an interrupt, the interrupt controller checks the corresponding bit in DTEA to
DTEF. If thishitisset to 1, the datatransfer controller is started. If itisclearedto 0,
interrupt exception handling is started.
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Program
execution state

Address
error?

Trace?
Yes
Yes
Y Y
)
Held pending
Y
Data transfer
enabled?

Y Y] Y.
E Interrupt exception handling E Start DTC E

Figure 6-2 Flowchart up to Interrupt Acceptance
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6.4.2 Interrupt Exception Handling

Interrupt exception handling is described below. Figure 6-3 shows aflowchart. For DTC
operations, see section 7, “Data Transfer Controller.”

1

When the interrupt controller accepts an interrupt, after the H8/500 CPU finishes executing
the current instruction, PC and SR (in minimum mode) or PC, CP, and SR (in maximum
mode) are pushed on the stack, leaving the stack in the condition shown in section 6.4.4,
“Stack after Interrupt Exception Handling.”

The interrupt controller clearsthe T bit in SR to 0, and sets the interrupt mask level (1, to 1)
to the priority level of the interrupt.

In minimum mode, the interrupt controller reads a one-word vector address corresponding to
the accepted interrupt from the vector table and copies thisword into PC. Execution of the
interrupt handling routine then starts from the PC address. In maximum mode, the interrupt
controller reads atwo-word vector address corresponding to the accepted interrupt from the
vector table, copies the lower byte of the first word into CP, and copies the second word into
PC. Execution of the interrupt handling routine then starts from the address indicated by CP
and PC.
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Save PC

Maximum Yes

mode?

No Y

Save SR

'

Clear T bit

Trace?

!

Change mask level

Y
Vectoring

To interrupt handling routine

Figure 6-3 Interrupt Exception Handling Flowchart
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6.4.3 Interrupt Exception Handling Sequence

Figure 6-4 isatiming diagram of the interrupt sequence in minimum mode, for the case in which
the interrupt handling routine starts at an even address and the program area and stack areaarein
the external 16-bit-bus two-state-access address space.

0 Jutvttutiuiriiuiuu oot
addressbus (1) Y @ @  Yse2f SP-4 e Yo X X
ROnMT19 |

Data bus
(16 bits)

R L LI

(2 (2) 2) \ /, PC \, [ SR ) /Vector 4)

- B e B EEE—— i
Priority level |Internal Stack access Interrupt | Prefetch first | Start
decision and |proces- vector |instruction instruction
wait forend |sing of interrupt- | execution
of current cycles handling
instruction routine

Interrupt is accepted

(1) Instruction prefetch address (3) Starting address of interrupt-handling routine
(2) Instruction code (4) Firstinstruction of interrupt-handling routine

Figure6-4 Interrupt Sequencein Minimum Mode
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Figure 6-5 isatiming diagram of the interrupt sequence in maximum mode, for the case in which
the interrupt handling routine starts at an even address and the program area and stack areaarein
the external 16-bit-bus two-state-access address space.

0 RN nnnnnnnnnnnnnns
Address bus (1) @ Nsr2Ysraf  see Yo X v Yo ) X )

NMI, IRQq,
IRQnN (n = 1-3)

(5 i) (@{_HO)
S | | L L L
R L U

- -

Priority level |Inter- Stack access Interrupt vector | Prefetch first Start
decision and |nal instruction of instruc-
wait for end |cy- interrupt- tion

of current cles handling routine| execu-
instruction tion

Interrupt is accepted

(1) Instruction prefetch address (3) Starting address of interrupt-handling routine
(2) Instruction code (4) First instruction of interrupt-handling routine

Figure 6-5 Interrupt Sequencein Maximum Mode
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6.4.4 Stack after Interrupt Exception Handling

Figure 6-6 shows the stack before and after interrupt exception handling in minimum mode.
Figure 6-7 shows the stack before and after interrupt exception handling in maximum mode. The
PC value saved on the stack is the address of the next instruction to be executed.

SP must always point to an even address. |f an odd addressis set in SP, an address error will
occur when the stack is accessed.

Address Address
2m-4 2m-4 | SR (upper8bits) | <ISP
2m-3 2m-3 SR (lower 8 bits)
2m-2 2m-2 PC (upper 8 bits) |
2m-1 2m-1 PC (lower 8 bits)

Before exception handling After exception handling

Save to stack

Figure6-6 Stack before and after Interrupt Exception Handling in Minimum Mode

Address i T Address i T
oo 2m-6 SR (upper 8 bits) <sp
o oms | SR (ower8bis) |
2m-4 2m-4 Don't care
2m-3 2m-3 CP
2m-2 2m-2 PC (upper 8 bits)
2m-1 2m1 | PC (lower8bits) |

Before exception handling After exception handling

Save to stack

Figure6-7 Stack before and after Interrupt Exception Handling in Maximum Mode
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6.5 Interruptsduring DTC Operation

If an interrupt is requested during a DTC datatransfer cycle, the interrupt controller holds the
interrupt pending until the data transfer cycle has been completed and the next instruction has
been executed. An exampleis shown below.

Example:

Program flow

ADD.W R2,R0 <] DTC interrupt request

/ Data transfer cycle |<_J NMI interrupt request
After data transfer cycle, H8/500 CPU
executes next instruction before starting
exception handling

MOV.W RO,@H'FEOO

MOV.W  @H'FEO2,RO To NMI exception handling sequence
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6.6 Interrupt Response Time

The H8/538 and H8/539 can access a memory areain two states viaa 16-bit bus. Fastest interrupt
service is abtained by placing the program and stack in thisarea. Table 6-8 indicates the interrupt
response time in minimum mode. The maximum number of states occurs when the LDM
instruction is executed with all registers specified.

Table 6-8 Number of Statesbefore Interrupt Servicein Minimum Mode

Number of States

Stack Area: 161 Stack Area: 8*2

Instruction: Instruction: Instruction: Instruction:
Reason for Wait 163 84 163 84
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 — 38 —
completion of current instruction — 74+16m _ 74+ 16 m
Saving of PC and SR 16 16 — —

— — 28+6m 28+6m
Total number of states 56 92+16 m 68 + 6 m 104 + 22 m

Notes: 1. Stack area in 16-bit-bus two-state-access address space
2. Stack area in 8-bit-bus three-state-access address space
3. Instruction in 16-bit-bus two-state-access address space
4. Instruction in 8-bit-bus three-state-access address space
m: Number of wait states inserted in memory access
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Table 6-9 indicates the interrupt response time in maximum mode. The maximum number of
states occurs when the LDM instruction is executed with all registers specified.

Table 6-9 Number of States before Interrupt Servicein Maximum Mode

Number of States

Stack Area: 16*1 Stack Area: 8*2

Instruction: Instruction: Instruction: Instruction:
Reason for Wait 16*3 84 16*3 84
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 74+16m 38 74+ 16 m
completion of current instruction
Saving of PC, CP, and SR 21 21 41+10m 41 +10m
Total number of states 61 97 +16 m 81+10m 117 +26m

Notes: 1. Stack area in 16-bit-bus two-state-access address space
Stack area in 8-bit-bus three-state-access address space
Instruction in 16-bit-bus two-state-access address space
Instruction in 8-bit-bus three-state-access address space

: Number of wait states inserted in memory access

SR
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Section 7 Data Transfer Controller

7.1 Overview

An interrupt-triggered data transfer controller (DTC) isincluded on-chip. The DTC can transfer
data between memory and 1/0, memory and memory, or /O and 1/0 without using the CPU. For
example, the DTC can set data in the registers of an on-chip supporting module or send datato an
1/0 port or serial communication interface (SCI) independently of program execution. The
H8/500 CPU halts while the DTC is operating.

7.1.1 Features
The features of the DTC are:

e The source address and destination address can be set anywhere in the 64-kbyte address space
of pageO.

e The DTC can be programmed to increment the source address and/or destination address after
each byte or word is transferred.

e The DTC can be programmed to transfer one byte or one word of data per interrupt.

e A datatransfer count of up to 65,536 bytes or words can be set in the data transfer counter
register (DTCR).

e After adatatransfer, if the datatransfer count is zero, the interrupt request that started the
DTC istransferred to the H8/500 CPU. The H8/500 CPU then starts normal interrupt
exception handling.
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7.1.2 Block Diagram
Figure 7-1 shows a block diagram of the data transfer controller.

When DTC service is requested, the DTC loads its control registers from memory with
information corresponding to the interrupt source, transfers a byte or word of data, and writes any
atered register information back to memory.

Internal data bus

DTC service request
—l Memory

- Interrupt controller DTC Register
IRQp— information 0O
IRQ;—™ Register

| information 1

DTEA DTMR IS 1

DTEB DTSR T 1

A~ T DTDR

DTEF DTCR

Legend

DTMR: Data transfer mode register

DTSR: Data transfer source address register

DTDR: Data transfer destination address register
DTCR: Data transfer count register

DTEA to DTEF: Data transfer enable registers Ato F

Figure7-1 Block Diagram of Data Transfer Controller
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7.1.3 Register Configuration

Table 7-1 summarizes the DTC control registers.

Table7-1 DTC Registers

Name

Abbreviation

R/W

Data transfer mode register

DTMR

Data transfer source address register DTSR —
Data transfer destination address register DTDR _
Data transfer count register DTCR

These registers cannot be accessed directly. To set information in the DTC control registers,
software should alter the information on memory.

Starting of the DTC is controlled by the interrupt controller’s data transfer enable registers.
Table 7-2 summarizes these registers.

Table7-2 Data Transfer Enable Registers

Address Name Abbreviation R/W Initial Value
H'FF08 Data transfer enable register A DTEA R/W H'00
H'FF09 Data transfer enable register B DTEB R/W H'00
H'FFOA Data transfer enable register C DTEC R/W H'00
H'FFOB Data transfer enable register D DTED R/W H'00
H'FFOC Data transfer enable register E DTEE R/W H'00
H'FFOD Data transfer enable register F DTEF R/W H'00
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7.2 Register Descriptions
7.2.1 Data Transfer Mode Register

The datatransfer mode register (DTMR) is a 16-hit register that selects the data size and specifies
whether to increment the source and destination addresses. The DTMR bit structure is shown
next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[sz]si]o]—]—[-]-]=]=]=]=]=]=]=]=]~]

RW & — — — — — — — — - - - = = =

L Reserved bits

Destination increment mode bit
Selects destination address increment mode

- Source increment mode bit
Selects source address increment mode

— Size bit
Selects byte-size or word-size data transfer

(1) Bit 15—Size (Sz): Selects byte-size or word-size data transfer.

Bit 15

Sz Description

0 Byte transfer

1 Word (two-byte) transfer*

Note: * For word transfer, DTSR and DTDR must indicate even addresses.

(2) Bit 14—Source Increment Mode (Sl): Specifies whether to increment the source address.

Bit 14

Sl Description

0 Not incremented

1 1. If Sz =0: incremented by +1 after each data transfer

2. If Sz = 1: incremented by +2 after each data transfer
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(3) Bit 13—Destination Increment Mode (DI): Specifies whether to increment the destination
address.

Bit 13
DI Description
0 Not incremented

1. If Sz = 0: incremented by +1 after each data transfer
2. If Sz = 1: incremented by +2 after each data transfer

(4) Bits12to 0—Reserved: Reserved hits.
7.2.2 Data Transfer Source Address Register

The data transfer source address register (DTSR) is a 16-bit register that designates the data
transfer source address. The DTSR bit structure is shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — — — — - - -

For word transfer the source address must be even. In maximum mode, the source address is
implicitly located in page O.

7.2.3 Data Transfer Destination Address Register

The data transfer destination address register (DTDR) is a 16-bit register that designates the data
transfer destination address. The DTSR bit structure is shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — — — — - - -

For word transfer the destination address must be even. In maximum mode, the destination
addressisimplicitly located in page O.
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7.2.4 Data Transfer Count Register

The data transfer count register (DTCR) is a 16-bit register that designates the number of bytes or
words to be transferred. Theinitial count can be set from 1 to 65,536. A register value of O
designates an initial count of 65,536. The DTCR hit structure is shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — — — — - -

The data transfer count register is decremented automatically after each byte or word is
transferred. When the count reaches 0, indicating that the designated number of bytes or words
have been transferred, the DTC sends the H8/500 CPU an interrupt request with the same interrupt
source that started the data transfer.

7.25 Data Transfer Enable RegistersAtoF

The six data transfer enable registers (DTEA to DTEF) specify whether an interrupt starts the
DTC. (Certaininterrupts, such as NMI, cannot start the DTC.) The bit structure of DTEA to
DTEF is shown next.

Bit 7 6 5 4 3 2 1 0
(o [ [ 1 Tl T T ]

Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

The bitsin these registers are assigned to interrupts as indicated in table 7-3.

If the bit for a certain interrupt is set to 1, that interrupt is regarded as arequest for DTC service.
If the bit iscleared to O, the interrupt is regarded as an H8/500 CPU interrupt request.

Only the interrupts indicated in tables 7-3 and 7-4 can request DTC service in the H8/538 and
H8/539. DTE bits not assigned to any interrupt (indicated by “—" in tables 7-3 and 7-4) should
be left cleared to 0.
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Table 7-3 Bit Assignments of Data Transfer Enable Registers (H8/538)

On-Chip On-Chip

Supporting Supporting
Register Module Bits 7to 4 Module Bits 3to 0

—— = P e 3 2 1
DTEA ~ IRQo, ADI — | api [(RQU)| IRQO | RQr-a | — | I1RQ3 | IRQ2 | IRQ1 |
DTEB IPU (CH1) — w2 ivi2 | v | IPU (CH1) | — ezl ivia | mi |
DTEC  IPU(CH2) — Jomiw2] iz [ | PUCHS) T evis ol vz | i |
DTED IPU (CH4) — o2 iz | i | IPU (CHS) | — ez iz | v |
DTEE IPU (CH®6) — [ = [z [ ] IPU (CH7) [ — ] — [z ]|
DTEF  SCI1 “ [ n [ m | — | So2 = r [ =]
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Table 7-4 Bit Assignments of Data Transfer Enable Registers (H8/539)

On-Chip On-Chip

Supporting Supporting
Register Module Bits 7to 4 Module Bits 3to 0

IROq 6 5 4 RO, 3 2 1 0
DTEA 'RQo, AD! | ADI [(IRQU)| IRQO | Qs — | IRQ3 | IRQ2 | IRQ1 |
DTEB IPU (CH1) oML 2 mi2 | it | IPU (CH1) — lcmiza ivia | w3 |
DTEC  IPU(CH2) lemi 2] iz [z | IPY(CHI) — w2 ivi2 | vt |
DTED IPU (CH4) ‘CMu,z‘ IMI2 ‘ IMI1 ‘ IPU (CHS) — ‘CMI:LZ‘ IMI2 ‘ IMI1 ‘
DTEE IPU (CH®6) = w2 | i | IPU (CH7) — [ — [z [ v ]
DTEF  scil ERE R R

7.2.6 Noteon Timing of DTE Modifications

The interrupt controller requires two system clock cycles (2g) to determine the priority level of an
interrupt. When an instruction modifies one of DTEA to DTEF, the new setting takes effect
starting from the third state after the instruction has been executed.
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7.3 Operation
DTC operations are described next.
7.3.1 DTC Operations

Figure 7-2 isaflowchart of the data transfer operations performed by the DTC. For operations
from the occurrence of an interrupt until the DTC is activated, see section 6.4.1, “ Sequence of
Interrupt Operations.”

1. Fromthe DTC vector table, the DTC reads the address at which the register information for
the interrupt is stored in memory and loads the stored information into its control registers.

When the DTC is activated, the interrupt source that activated the DTC is cleared, except for
interrupts from the serial communication interface.

2. TheDTC transfers the data and increments the source and destination addresses as required,
then decrements DTCR.

If the DTC was activated by an interrupt from the serial communication interface, the
interrupt sourceis cleared when the DTC accesses the transmit data register (TDR) or receive
dataregister (RDR).

3. The DTC writes updated register information back to memory.

4. If the DTCR valueis 0, the H8/500 CPU startsinterrupt exception handling for the interrupt
that activated the DTC.
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( INT ) 7777777 Interrupt

= H8/500 CPU
interrupt handling
starts. See section
6.4.2, “Interrupt
Exception Handling.”

DTC interrupt?
,,,,,,,, DTC-cooooeooo——J--Xe€S .

| Read DTC vector |

!

| Read data transfer mode |

{

| Read source address |

i

| Read data |

Source
address increment
mode?

| Increment source address (+1 or +2) |

No Y
| Write source address |

| Read destination address |

1

| Write data |

Destination
address increment
mode?

Yes

Increment destination address
No (+1 or +2)

| Write destination address

| Read DTCR |

1

| DTCR -1 — DTCR |

1

| Write DTCR |

Yes

DTCR =0?
No

(Program execution state)

Figure 7-2 Flowchart of DTC Operations
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7.3.2 DTC Vector Table
Figure 7-3 shows how the DTC vector table works.

For each interrupt that can request DTC service, the DTC vector table provides a pointer to an
address in memory where the DTC control register information for that interrupt is stored.
Register information tables can be placed in any available locations in page 0.

Figure 7-3 shows an example in which the register information islocated on RAM. Register
information can aso be stored on ROM if there is no need to update the information after each
transfer (if the source and destination addresses are not incremented and the desired data transfer
count is one).

Vector table RAM
TAO . DTMRO
Register DTSRO
Exception information 0 DTDRO
vector table
DTCRO
TAGH TA1 . DTMR1
,,,,,,,,,,,,,,,,,,,, Register DTSR1
TAT: _ information 1 DTDR1
”””””””””” DTCR1
DTC vector
table

Note: * TAO, TAL, .... Addresses of DTC register information tables in memory.

Figure 7-3 DTC Vector Table

The DTC vector table structure differs between minimum and maximum modes. In maximum
mode there is no page specification: page 0 is assumed implicitly.

Figure 7-4 shows a DTC vector table entry in minimum and maximum mode.
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Vector table

Memory

Address (high)

Address (low)

Register information

(1) Minimum mode

Vector table

Don't care*

Don't care*

Address (high)

Address (low)

(2) Maximum mode

Address

2m

2m+1

2m+2

2m+3

Note: * Addresses 2m and 2 m + 1 are not accessed when the vector is read.

Figure 7-4 DTC Vector Table Entry

Tables 7-5 and 7-6 list the address of the entry in the DTC vector table for each interrupt.

Table 7-5 Addresses of DTC Vectors (H8/538)

Interrupt Source

Address of Vector Table Entry

Minimum Mode

Maximum Mode

IRQO H'00C0-00C1 H'0180-0183
Interval timer H'00C2-00C3 H'0184-0187
AD converter ADI H'00C4-00C5 H'0188-018B
IRQ1 H'00C8-00C9 H'0190-0193
IRQ2 H'00CA-00CB H'0194-0197
IRQ3 H'00CC-00CD H'0198-019B
IPU channel 1 IMI1 H'00D0-00D1 H'01A0-01A3
IMI2 H'00D2-00D3 H'01A4-01A7
CMI1/CMI2 H'00D4—-00D5 H'01A8-01AB
IMI3 H'00D8-00D9 H'01B0-01B3
IMI4 H'00DA-00DB H'01B4-01B7
CMI3/CMI4 H'00DC-00DD H'01B8-01BB
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Table 7-5 Addresses of DTC Vectors (H8/538) (cont)

Address of Vector Table Entry

Interrupt Source Minimum Mode Maximum Mode

IPU channel 2 IMI1 H'00EO-OOE1 H'01C0-01C3
IMI2 H'00E2-00E3 H'01C4-01C7
CMI1/CMI2 H'00E4-00E5 H'01C8-01CB
IPU channel 3 IMI1 H'00E8—-00E9 H'01D0-01D3
IMI2 H'00EA-0OEB H'01D4-01D7
CMI1/CMI2 H'00EC-00ED H'01D8-01DB
IPU channel 4 IMI1 H'00F0-00F1 H'01E0-01E3
IMI2 H'00F2—-00F3 H'01E4-01E7
CMI1/CMI2 H'00F4—00F5 H'01E8-01EB
IPU channel 5 IMI1 H'00F8—-00F9 H'01F0-01F3
IMI2 H'00FA-O00OFB H'01F4-01F7
CMI1/CMI2 H'00FC-00FD H'01F8-01FB
IPU channel 6 IMI1 H'00A0-00A1 H'0140-0143
IMI2 H'00A2—-00A3 H'0144-0147
IPU channel 7 IMI1 H'00A8—-00A9 H'0150-0153
IMI2 H'00AA-00AB H'0154-0157
SCi1 — — —
RI1 H'00B2-00B3 H'0164-0167
TI1 H'00B4-00B5 H'0168-016B
SCI2 — — —
RI2 H'00BA-00BB H'0174-0177
H'00BC-00BD H'0178-017B

TI2
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Table 7-6 Addresses of DTC Vectors (H8/539)

Address of Vector Table Entry

Interrupt Source Minimum Mode Maximum Mode

IRQO H'00C0-00C1 H'0180-0183
Interval timer H'00C2-00C3 H'0184-0187
AD converter ADI H'00C4-00C5 H'0188-018B
IRQ1 H'00C8-00C9 H'0190-0193
IRQ2 H'00CA-00CB H'0194-0197
IRQ3 H'00CC-00CD H'0198-019B
IPU channel 1 IMI1 H'00D0-00D1 H'01A0-01A3
IMI2 H'00D2-00D3 H'01A4-01A7
CMI1/CMI2 H'00D4-00D5 H'01A8-01AB
IMI3 H'00D8-00D9 H'01B0-01B3
IMI4 H'00DA-00DB H'01B4-01B7
CMI3/CMI4 H'00DC-00DD H'01B8-01BB
IPU channel 2 IMI1 H'0O0EO0-00E1 H'01C0-01C3
IMI2 H'00E2-00E3 H'01C4-01C7
CMI1/CMI2 H'00E4-00E5 H'01C8-01CB
IPU channel 3 IMI1 H'0O0E8—-00E9 H'01D0-01D3
IMI2 H'O0EA-00EB H'01D4-01D7
CMI1/CMI2 H'0O0EC-00ED H'01D8-01DB
IPU channel 4 IMI1 H'00F0—-00F1 H'01E0-01E3
IMI2 H'00F2—-00F3 H'01E4-01E7
CMI1/CMI2 H'00F4—-00F5 H'01E8-01EB
IPU channel 5 IMI1 H'00F8-00F9 H'01F0-01F3
IMI2 H'0O0FA-00FB H'01F4-01F7
CMI1/CMI2 H'00FC-00FD H'01F8-01FB
IPU channel 6 IMI1 H'00A0-00A1 H'0140-0143
IMI2 H'00A2-00A3 H'0144-0147
IPU channel 7 IMI1 H'00A8-00A9 H'0150-0153
IMI2 H'00AA-00AB H'0154-0157
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Table7-6 Addresses of DTC Vectors (H8/539) (cont)

Interrupt Source

Address of Vector Table Entry

Minimum Mode

Maximum Mode

SCI1 — — —
RI1 H'00B2-00B3 H'0164-0167
TI1 H'00B4-00B5 H'0168-016B
SCI2/SCI3 — — —
RI2/RI3 H'00BA-00BB H'0174-0177
TI2ITI3 H'00BC-00BD H'0178-017B

7.3.3 Location of Register Information in Memory

For each interrupt, the DTC control register information is stored in four consecutive wordsin

memory in the order shown in figure 7-5.

Vector table Memory
DTMR
TA+2 DTSR
TA TA+4 DTDR
TA+6 DTCR
8hits 8 hits

Figure7-5 Order of Register Information
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7.3.4 Number of States per Data Transfer

Table 7-7 lists the number of states required per data transfer, assuming that the DTC control
register information is stored in the 16-bit-bus two-state-access address space.

Table 7-7 Number of Statesper Data Transfer

16-Bit-Bus On-Chip 8-Bit-Bus On-Chip
2-State-Access ~ Supporting 3-State-Access ~ Supporting
Increment Mode Address Space  Module Address Space  Module
Source Destination
(sh (D1 Byte Transfer Word Transfer  Byte Transfer Word Transfer
0 0 31 34 32 38
0 1 33 36 34 40
1 0 33 36 34 40
1 1 35 38 36 42

Note: Numbers in the table are the number of states.

The valuesin table 7-7 are calculated from the formula:
N=26+2x3 +2xDI +Mg+Mp

Where Mg and Mp have the following meanings:

Mg Number of states for reading source data
Mp: Number of states for writing destination data

The values of Mg and M depend on the data location as follows:
1. Byteor word datain 16-bit-bus two-state-access address space: 2 states

2. Bytedatain eight-bit-bus three-state-access address space or on-chip supporting
module: 3 states

3. Word datain eight-bit-bus three-state-access address space or on-chip supporting
module: 6 states

If the DTC control register information is stored in the eight-bit-bus three-state-access address
space, 20 + 4 x S| + 4 x DI must be added to the valuesin table 7-7.

Table 7-8 indicates the number of additional states between the occurrence of an interrupt request
and the starting of the DTC (states during which the interrupt controller checks priority and waits
for execution of the current instruction to end). At maximum, this number of statesisthe sum of
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the values indicated for items No. 1 and 2 in table 7-8.

If the data transfer count is O at the end of a data transfer cycle, the number of states from the end
of the data transfer cycle until the first instruction of the interrupt-handling routine is executed is
the value given for item No. 3 in table 7-8. The maximum number of statesin table 7-8 occurs
when the LDM instruction is executed with all registers specified.

Table 7-8 Number of States before Interrupt Service

No. Reason for Wait

Number of States

Minimum Mode Maximum Mode

1 Interrupt priority decision and comparison

with mask level in SR

2

2 Number of states Instruction is in 16-bit-bus (LDM instruction specifying all
to completion of two-state-access address registers)
current instruction space 38
Instruction is in 8-bit-bus (LDM instruction specifying all
three-state-access address  registers)
space 74+16 m
3 Number of states Instruction is in 16-bit-bus 16 21
from saving of PC two-state-access address
and SR or PC, CP, space
and SR until Instruction is in 8-bit-bus 28+6m 41+10m

prefetching of first
instruction of
interrupt-handling
routine

three-state-access address
space

Notation

m: Number of wait states inserted in external memory access
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7.4 Procedurefor Using DTC
The procedure for using the DTC is explained next. Figure 7-6 is aflowchart.
Procedurefor Usingthe DTC

1. DTC register setup: Set the appropriate DTMR, DTSR, DTDR, and DTCR register
information in the memory location indicated in the DTC vector table.

2. DTEN, IPRn(n=AtoF), and SR setup: Set the data transfer enable bit of the pertinent
interrupt to 1, and set the priority of the interrupt source (in the interrupt priority register) and
the interrupt mask level (in the CPU status register) so that the interrupt can be accepted.

3. Interrupt enabling: Set the interrupt enable bit for the interrupt source in the control register of
the on-chip supporting module (or IRQ control register).

Following these preparations, the DTC will be started each time the interrupt occurs.

DTC

| #DTMR- @DT_REG |
\

| #DTSR- @DT_REG + 2 |
\ Set DTC register information

| #DTDR- @DT_REG + 4 |
\

| #DTCR- @DT_REG + 6 |

| <1> _ DTE bit (DTEn) |
\

| <Interrupt level> - IPRn | Set DTEnN, IPRn, and SR (n=Ato F)
\

| <Interrupt mask level> - SR |

| Enable interrupt request | Enable interrupt request

l

DTC is enabled

Figure 7-6 Procedurefor UsingDTC
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7.5 Example

(1) Purpose: To receive 128 bytes of serial data via serial communication interface channel 1.
(2) Conditions:

e Operating mode: minimum mode.

» Received data are to be stored in consecutive addresses starting at H'FCOO.

* TheDTC vector table contains H'F6 at address H'00B2 and H'80 at address H'00B3.

» Thedesired interrupt mask level in the CPU status register is 4, and the desired SCI1 interrupt
priority level is 5.

Table 7-9 shows the DTC control register information to set on RAM.
Table7-9 DTC Control Register Information Set on RAM

Register Setting Value

DTMR Byte transfer H'2000
Source address fixed
Destination address incremented

DTSR Address of SCI1 receive data register H'FECD
DTDR Address H'FC00 H'FC00
DTCR Transfer count (128) H'0080

(3) Operation

[ SoftwaresetsDTMR, DTSR, DTDR, and DTCR information in RAM addresses H'F680 to
H'F687 as shown in table 7-9.

[l Software setsthe Rl (SCI1 Receive Interrupt) bit in data transfer enable register F (DTEF) to 1.

[] Software setsthe interrupt mask level in SR bits |, to I to 4, and the SCI 1 interrupt priority
level in the upper four bits of interrupt priority register F (IPRF) to 0101 (5).

[l Software sets SCI1 to the appropriate receive mode, and sets the receive interrupt enable bit
(RIE) inthe seria control register (SCR) to 1 to enable receive interrupts.

[0 Thereafter, each time SCI 1 receives one byte of data, the DTC is activated and transfers the
byte of receive datainto RAM. The DTC automatically clears the SCI1 receive interrupt
request.
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[l When 128 bytes have been transferred (DTCR = 0), SCI 1 receive interrupt exception handling
begins.

[l Theinterrupt-handling routine executes a receive wrap-up routine.

Figure 7-7 isaflowchart for this example.

DTC setup

i

#DTMR - @F680
I

#DTSR - @F682
I

#DTDR - @F684
I

| |
| |
| |
| #DTCR - @F686 |
| |
| |
| |

(1) Write DTC control register information on RAM

<1> - RI blt (DTEF) @ Set Rl bitin DTEF to 1

\
<100> - |2 to Ip (SR)

@ Set interrupt mask level (SR) and interrupt
priority level (IPRF)

<101> - IPRF (bits 6 to 4)

Set up SCIl and enable

’ @ Set SCI1 to receive mode and enable interrupt
interrupt

requests

End of setup

L]

Start DTC

| @ DTSR - @DTDR+ | @ @ Transfer received data to RAM

[
| Clear interrupt request | (6) Test for end of data: start interrupt handling if

I DTCR=0
| DTCR-1 - DTCR | @ Interrupt handling: receive-data wrap-up routine

N
@ o <Interrupt handling routine>
@ Yes _| SCI1 receive wrap-up @
o routine

Figure7-7 Flowchart for DTC Example

154




Figure 7-8 shows the DTC vector table and datain RAM for this example. Receive dataare
stored in consecutive addresses.

Address

H'00B2
H'00B3

DTC vector table

Y

T

HF6

H'80

RAM
Address
H'F680 H'20 Data transfer
H'F681 H'00 mode
H'FE
Source address
H'CD
H'FC Destination
H'00 address
H'00 ‘
Transfer count
H'F687 H'80
H'FC00 Receive data 1
Receive data 2
Transferred
! by DTC
H'FC7F | Receive data 128
RDR
SCI

Figure7-8 Example of Use of DTC to Receive Continuous Serial Data
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Section 8 Wait-State Controller

8.1 Overview

For interfacing to low-speed external devices, an on-chip wait-state controller (WSC) can insert
wait states (Tyy) into bus cycles. The wait function can be used in CPU and DTC access cyclesto
the external three-state-access address space. It isnot used in access to the two-state-access
address space or the on-chip register area (H'FESO to H'FFFF).

Wait states are inserted between the T, state and T3 state in the bus cycle. The number of wait
states can be selected by avalue set in the wait control register (WCR), or by holding the WAIT
pin low for the required interval.

8.1.1 Features
The features of the wait-state controller are:
e Selection of three operating modes
Programmable wait mode, pin wait mode, or pin auto-wait mode
e Selection of number of wait states

0, 1, 2, or 3 wait states can be inserted, and 4 or more wait states can be inserted in pin wait
mode by holding the WAIT pin low.
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8.1.2 Block Diagram

Figure 8-1 shows a block diagram of the wait-state controller.

< Internal data bus

WCR
| — | — | — | — |wwsiwwmsowei weo
| Wait counter |
Wait request «—— Control logic ~——— WAIT input
Legend

WCR: Wait control register
WMS1/0: Wait mode select bits 1 and 0
WC1/0: Wait count bits 1 and O

Figure8-1 Block Diagram of Wait State Controller
8.1.3 Register Configuration
Table 8-1 summarizes the wait control register.
Table8-1 Wait Control Register

Address Name Abbreviation R/W

Initial Value

H'FF14 Wait control register WCR R/W

HF3
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8.2 Wait Control Register

The wait control register (WCR) is an eight-bit register that specifies the wait mode and the
number of wait states to be inserted. The WCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0

| — | — | — | — [wwmsi|wwmso| wer | weo |
Initial value 1 1 1 1 0 0 1 1
R/W — — — — R/W R/W R/W R/W

L Wait count 1 and 0
These bits indicate
the number of wait
states to be inserted

— Wait mode select 1 and 0
These bits select the wait mode

— Reserved bits

WCR isinitialized to H'A3 by areset and in hardware standby mode. WCR isnot initialized in
software standby mode.

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.

(2) Bits3 and 2—Wait Mode Select 1 and 0 (WM S1 and WM S0): These bits select the wait
mode.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Programmable wait mode (Initial value)
0 1 No wait states inserted, regardless of wait count

1 0 Pin wait mode

1 1 Pin auto-wait mode
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(3) Bits1and 0—Wait Count 1 and 0 (WC1 and WCO): These bits specify the number of wait
states to be inserted. Wait states (Tyy) are inserted only in bus cyclesin which the CPU or DTC

accesses the external three-state-access address space.

Bit 1 Bit 0

WC1 WCO0 Description

0 0 No wait states inserted, except in pin wait mode

0 1 1 wait state inserted

1 0 2 wait states inserted

1 1 3 wait states inserted (Initial value)
8.3 Operation

Table 8-2 summarizes the operation of the three wait modes.

Table8-2 Wait Modes

Description
Number of Wait
Mode WAIT Pin Function Insertion Conditions States Inserted
Programmable Disabled Inserted in access to 0 to 3 states are
wait mode external three-state-access  inserted as specified
WMS1=0 address space by bits WC0 and WC1
WMS0 =0
Pin wait mode Enabled Inserted in access to » 0to 3 states are
WMS1 =1 external three-state-access inserted as
WMS0=0 address space specified by bits
WCO0 and WC1
» Additional states
can be inserted by
driving the WAIT
signal low
Pin auto-wait Enabled Inserted in access to 0 to 3 states are
mode external three-state-access  inserted as specified
WMS1=1 address space if by bits WC0 and WC1
WMSO0 =1 WAIT is low
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8.3.1 Programmable Wait M ode
Programmable wait mode is selected when WM S1 = 0 and WM S0 = 0.

Whenever the CPU or DTC accesses the external three-state-access address space, the number of
wait states selected by bits WC1 and WCO areinserted. The PA/WAIT pin is not used for wait

control; it is available for general -purpose input or output.

Figure 8-2 shows the timing of operation in this mode when the wait count is1 (WC1 =0,

WCO = 1).
One wait state inserted
/ by wait count
[ Tn | T2 To | T2 | Tw | Ts T |
A19—Ao X XExternaI three-state-access address space X
s o [T\ /]
e o\ /]

(read access)

D1s5s-Do
(read access)

HWR, LWR
(write access)

D15-Do
(write access)

]

Read data Read data

S

o/
—

(_H
.
)

el

—\
——

Write data

3-state access + 1 wait state

Figure 8-2 Programmable Wait Mode
(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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8.3.2 Pin Wait Mode

Pin wait mode is selected when WMS1 = 1 and WM SO0 = 0. In this mode the WAIT function of
the PA//WAIT pin is used automatically.

The number of wait states indicated by wait count bits WC1 and WCO are inserted into any bus
cycle in which the CPU or DTC accesses the external three-state-access address space. In
addition, wait states are inserted if the WAIT signal isdriven low, even if the wait count isO.
Wait states continue to be inserted until the WAIT signal goes high.

Thismode is useful for inserting four or more wait states, or when different external devices
require different numbers of wait states.

Figure 8-3 shows the timing of operation in this mode when the wait count is 1 (WC1 = 0, WCO0 =
1) and the WAIT signal is held low to insert one additional wait state.

One wait state inserted Pin-requested wait (one state)
by wait count /

| T | T Ty | T2 | Tw | Tw | Ts

S N A NN Al

A19-Ag X X External three-state-access address space X

s T [
i I
(read access)

Read dat

\i\l

Read data
D15-Do
(read access) S

HWR, LWR —\—/_
(write access)
(write access)

Write data

LA

el

3-state access + 1 wait state +
pin-requested wait (1 state)

Note: * Arrows indicate times at which the WAIT pin is sampled.

Figure8-3 Pin Wait Mode
(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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8.3.3 Pin Auto-Wait M ode

Pin auto-wait mode is selected when WMS1 = 1 and WM S0 = 1. In this mode the WAIT function
of the PA,/WAIT pin is used automatically. When the CPU or DTC accesses the external three-
state-access address space, if the WAIT pin is low the number of wait states indicated by bits
WC1 and WCO are inserted.

This mode offers a simple way to interface alow-speed device: wait states can be inserted by
routing the address strobe signal (AS) and a decoded address signal to the WAIT pin.

Figure 8-4 shows the timing of operation in this mode when the wait count is1 (WC1 =0, WC0=1).

In pin auto-wait mode the WAIT pin is sampled only once, on the falling edge of the system clock
(9) inthe T, state. If the WAIT signal islow at thistime, the wait-state controller inserts the number
of wait statesindicated by bits WC1 and WCO. The WAIT pinis not sampled during the Ty, and
T3 States, so no additional wait states are inserted even if the WAIT signal continues to be held low.

Pin auto-wait (one wait state)
inserted by wait count

A19-Ao X XExternaI three-state-access address space )

A N [N /]

RD L
(read access) —\ /_ _\ /_

DD Read data Read data
15—Do { }
(read access) /

| E—

HWR, LWR \ [ \
(write access)

D15—Do < >

(write access) _(

Write data

3-state access + pin auto-wait
(1 state)
Note: * Arrows indicate times at which the WAIT pin is sampled.

Figure8-4 Pin Auto-Wait Mode
(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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Section 9 Clock Pulse Generator

9.1 Overview

The on-chip clock pulse generator (CPG) consists of an oscillator circuit, a system clock divider,
and prescalers for the clock signals of the on-chip supporting modules.

The ZTAT version of the H8/538 has a clock-halving clock pulse generator. The masked-ROM
versions of the H8/538 include a version with a clock-halving clock pulse generator and a version
with a1:1 clock pulse generator. The H8/539 hasa 1:1 clock pulse generator.

The 1:1 clock pulse generator has a duty adjustment circuit instead of a system clock divider.
9.1.1 Block Diagram

Figure 9-1 shows the configuration of the clock-halving version of the clock pulse generator.
Figure 9-2 shows the configuration of the 1:1 version.

T e LU e LT EL LU LU LU LL LT RLLEELRE CPG------1
XTAL ——> Frequency

Oscillator divider »—| Prescalers
EXTAL-—»] (1/2) :

g 2/2—2/4096

Figure9-1 Block Diagram of Clock-Halving Clock Pulse Generator
(H8/538 ZTAT and Masked-ROM Versions)
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XTAL —— Duty
Oscillator adjustment —e—{ Prescalers
EXTAL— circuit

[} 2/2—2/4096

Figure9-2 Block Diagram of 1:1 Clock Pulse Gener ator
(H8/538 Masked-ROM Version and H8/539)

9.2 Ogcillator Circuit

Clock pulses can be generated by connecting a crystal resonator to the clock oscillator circuit, or
by supplying an external clock signal. These two methods are described next.

9.2.1 Connecting a Crystal Resonator

(1) Circuit Configuration: A crystal resonator can be connected asin the examplein figure 9-3.
An AT-cut parallel resonating crystal should be used. For versions with a1:1 clock pulse
generator, insert adamping resistor aslisted in table 9-1.

EXTAL _T_ I };7

{ Rd
XTAL '\/\/\,T |

CL=10-22 pF

Note: * Insert a damping resistor for versions with a 1:1 clock pulse generator (H8/539,
H8/538 masked-ROM version). Do not insert a damping resistor for versions
with a clock-halving version (H8/538 ZTAT).

Figure 9-3 Connection of Crystal Resonator (Example)
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Table9-1 Damping Resistance (Examples)

Frequency (MHz) 2 4 8 12 16 20

Rd max (Q) 1k 500 200 0 0 0

(2) Crystal Resonator: Figure 9-4 shows an equivalent circuit of the crystal resonator. The
crystal resonator should have the characteristics listed in table 9-2.

The crystal frequency depends on the desired system clock frequency, as follows:

e Clock-halving versions
Use a crystal resonator with a frequency equal to twice the system clock frequency ().

e Ll:lversions
Use a crystal resonator with a frequency equal to the system clock frequency ().

— T N NN\ —
!
L Rs

XTAL =-—s ¢— EXTAL

AT-cut parallel resonator

Figure 9-4 Crystal Resonator Equivalent Circuit

Table9-2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 12 16 20
Rs max (Q) 500 120 60 40 30 20
Co (pF) 7 pF max

(3) Noteson Board Design: When acrystal resonator is connected, the following points should
be noted:

e Other signa lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 9-5.

¢ When the board is designed, the crystal resonator and its load capacitors should be placed as
close as possible to the XTAL and EXTAL pins.
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Not allowed Signal A Signal B

H8/53x

XTAL

I b EXTAL
CL

Figure 9-5 Example of Incorrect Board Design

9.2.2 External Clock Input

(1) Circuit Configuration: An external clock signal can be input at the EXTAL pin as shown in
the examplein figure 9-6. A reverse-phase clock should be input at the XTAL pin.

When the circuit configuration in figure 9-6 is used, the external clock should be held high in
standby mode.

EXTAL .
External clock input

XTAL \

74HCO04 or equivalent

Figure9-6 External Clock Input (Example)

Note: The ZTAT™ version of the H8/538 can be driven with the XTAL pin left open if the clock
frequency is 16 MHz or less. The H8/539 and the masked ROM version of the H8/538 can
be driven with the XTAL pin left open if the stray capacitance at the XTAL pin does hot
exceed 10 pF and the clock input can be held high in standby mode.
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(2) External Clock

e Clock-halving version

Table 9-3 lists the required characteristics of the external clock signal.

Table 9-3 External Clock

Frequency Double the system clock frequency (9)

Duty cycle 45%-55%

e 1:1version
Table 9-4 and figure 9-7 indicate the required clock timing.

Table9-4 Clock Timing

Vee=271055V  Vee=5.0V +10%

Item Symbol  Min Max Min Max Unit Test Conditions
External — 30 70 30 70 % g =5 MHz Figure 9-7
clock input
duty (a/teyc) 40 60 40 60 % g <5MHz
External texr — 10 — 5 ns Figure 9-7
clock rise
time
External texs — 10 — 5 ns
clock fall
time
Clock duty — 40 60 40 60 % g =5 MHz Figure 20-4
cycle
(terlteye) 40 60 40 60 % g <5MHz
tcyc
a
/
EXTAL /
— VCC x 0.5

= = texr — = et

Figure9-7 External Clock Input Timing
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9.3 System Clock Divider

The system clock divider divides the frequency (fosc) by 2 to create the system clock (2).

9.4 Duty Adjustment Circuit

When the external clock frequency is5 MHz or higher, the duty adjustment circuit adjusts the
duty cycleto create the system clock (2).
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Section 10 1/O Ports

10.1 Overview

The H8/538 and H8/539 have twelve 1/O ports. Ports 1, 2, 4, 5, 7, B, and C are eight-hit
input/output ports. Port 3 is a six-bit input/output port. Port 6 is afive-bit input/output port. Port A
isaseven-hit input/output port. Port 8 isafour-bit input port. Port 9 is an eight-bit input port.

These ports are multiplexed with inputs and outputs of the on-chip supporting modules. The
functions of ports 1, 2, A, B, and C also differ depending on the operating mode.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for holding output data. In addition to DR and DDR, port A has a bus release control
register (BRCR), and ports B and C have pull-up transistor control registers (PBPCR and
PCPCR).

Ports 1, 2, A, B, and C can drive one TTL load and a 90-pF capacitive load. Ports 3 to 7 can drive
one TTL load and a 30-pF capacitive load. Ports 3 and 5 can drive LEDs (with 10-mA current
sink). Ports4 and 5 have Schmitt-trigger input circuits.

Some of the pin functionsin ports 6, 7, and A differ between the H8/538 and H8/539. PWM
output pin functions have been added to ports 6 and 7 of the H8/539, and both serial
communication input/output and PWM output pin functions have been added to port A.

All functions of ports 1 to 5, 8, 9, B, and C are identical in the H8/538 and H8/539. Functions of
ports 6, 7, and A are identical unless stated otherwise.

Table 10-1 summarizes ports 1 to C of the H8/539, giving the pin names and functionsin each
mode. Table 10-2 summarizes ports 1 to C of the H8/538, giving the pin names and functionsin
each mode.
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Table 10-1 Ports1to C, Pin Names, and Functionsin Each Mode (H8/539)

Expanded Minimum Expanded Maximum

Modes Modes Mode 7
Modes Modes (Single-
Port Description  Pins land6 Mode 2 3and 5 Mode 4 Chip Mode)
Port1  8-bit input/ P1,—P1y/ Data bus (D45 to Dg) General-
output port D15—Dg purpose
input/output
Port2  8-bit input/ P2,—P2y/ Data bus General- Data bus Data bus General-
output port D;—Dg (D;to Dg)  purpose (D;toDg) (D;toDg)  purpose
input/ input/output
output
Port3  6-bit input/ P35—P3y/ Output (T20C,q, T1OCyy3/2/1) from 16-bit integrated-timer
output port T20C,, T20C,, pulse unit (IPU), and general-purpose input/output
T10C,-T10C,
Port4  8-bit input/ P4,/T710C,, Input and output (T7I0Cy,,q, T6IOC,;, T510C,,1, T4IOC,,) for
output port P4g/T710C4, 16-bit integrated-timer pulse unit (IPU), and general-purpose
P45/T610C,, input/output
P4,/T61OC,,
P45/T510C,,
P4,/T510C,,
P4,/T410C,,
P4,/T410C,
Port5  8-bit input/ P5,—P5¢/ Input and output (T3I0Cy,q, T2I0C,, T1IOC3/51) for 16-bit
output port T3IOC,, T3IOC,, integrated-timer pulse unit (IPU), and general-purpose input/output
T210C,, T2I0C,,
T110C,4-T1I0C,
Port6  5-bit input/ P64/TCLK3, Clock input (TCLKj3/,/1) for 16-bit integrated-timer pulse unit
output port P65/TCLK,, (IPU), external interrupt input (IRQg,), PWM timer output (PWs),
P6,/TCLK{, and general-purpose input/output
P6,/IRQ3,
P6o/IRQ,/PW;
Port 7 8-bit input/ P7,/SCK,/PWS,, Input and output (SCKyq, TXDyq, RXDoyy) for serial
output port P75/SCK{/PWy, communication interfaces 1 and 2 (SCI1/2), external interrupt
P75/RXD,, input (IRQy,0), A/D converter trigger input (ADTRG), PWM timer
P7,4TXD,, output (PW,,;), and general-purpose input/output
P73/RXDy,
P7,/TXDy,
P7,/IRQ4/
ADTRG,
P7,/IRQq
Port 8  4-bit input P85—P8y/ Analog input for A/D converter (AN;; to ANg) and general-
port AN71—ANg purpose input
Port9  8-bit input P9,—P9y/ Analog input for A/D converter (AN, to ANg) and general-purpose
port AN,—ANq input
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Table10-1 Ports1to C, Pin Names, and Functionsin Each Mode (H8/539) (cont)

Expanded Minimum
Modes

Expanded Maximum
Modes

Mode 7
Modes Modes (Single-
Port Description  Pins land 6 Mode 2 3and 5 Mode 4 Chip Mode)
Port A 7-bit input/ PAG/T30C,/ Output from 16-bit integrated-timer pulse unit 16-bit
output port BACK/TXDg3, (IPVU), input and output (TXD3, RXD3) for serial integrated-
PA5/T30C4/ communication interface 3 (SCI3), general- timer pulse
BREQ/RXD3, purpose input/output, and BACK, BREQ, and unit (IPU)
PA,/WAIT WAIT input and output if enabled by settings in output, serial
bus release control register (BRCR), wait control communica-
register (WCR), and port A control register tion interface
(PACR) 3 (SCI3)
input and
output (TXDg,
RXD3), and
general-
purpose
input/output
(PA4: general-
purpose
input/output
only)
PAs/A1o/ Output (T50C,;, Page Page Page
T50C,/SCK3, T40C,/;) from 16-bit address address address
PALIA1g/ integrated-timer pulse output output (A9 output (Ag
T50C,/PW3, unit (IPU), and general-  (Ajgto Ajg) t0 Agg), to Agg),
PAL /A7 purpose input/output serial com- serial com-
T40C,/PW,, munication munication
PAG/A16/ interface interface
T40C,/PW, 3 (SCI3) 3 (SCI3)
input/output input/output
(SCKy),  (SCKy),
output output
(PWyzm)  (PWypp)
from PWM from PWM
timers timers
(PWipz),  (PWyppp),
and and
general- general-
purpose purpose
input/output input/output
Port B 8-bit input/ PB,—PBy/ Address Address Address Address General-
output port As—Ag output output output output purpose
(Aist0 Ag) (AstoAg) (Asto Ag) (Aisto Ap)  input/output
when when
DDR =1, DDR =1,
Port C  8-bit input/ PC,—PCyf general- general-
output port A;—Aq purpose purpose
input when input when
DDR =0 DDR =0
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Table 10-2 Ports1to C, Pin Names, and Functionsin Each M ode (H8/538)

Expanded Minimum Expanded Maximum
Modes Modes Mode 7
Modes Modes (Single-
Port Description  Pins land 6 Mode 2 3and 5 Mode 4 Chip Mode)
Port1  8-bitinput/ P1,—P1y/ Data bus (D45 to Dg) General-
output port D15—Dg purpose
input/output
Port2  8-bit input/ P2,—P2y/ Data bus General- Data bus Data bus General-
output port D;—Dg (D;to Dg)  purpose (D;toDg) (D;toDg)  purpose
input/ input/output
output
Port3  6-bit input/ P35—P3y/ Output (T20C,;1, TLOCy3/2/1) from 16-bit integrated-timer
output port T20C,, T20C,, pulse unit (IPU), and general-purpose input/output
T10C,-T10C,
Port4  8-bit input/ P4,/T710C,, Input and output (T710Cy,q, T6IOC,/;, T510C,,1, T4IOC,) for
output port P4¢/T710C,, 16-bit integrated-timer pulse unit (IPU), and general-purpose
P45/T610C,, input/output
P4,/T610C,,
P4,/T510C,,
P4,/T510C,,
P4,/T410C,,
P4,/T410C,
Port5  8-bit input/ P5,—P5¢/ Input and output (T3I0Cy,q, T2I0C,, T1IOC3/51) for 16-bit
output port T3I0C,, T3IOC,, integrated-timer pulse unit (IPU), and general-purpose input/output
T210C,, T2I0C,,
T110C,-T1I0Cq
Port6  5-bit input/ P64/TCLK3, Clock input (TCLK3,1) for 16-bit integrated-timer pulse unit
output port P6,/TCLK,, (IPU), external interrupt input (@3,2), and general-purpose
P6,/TCLK, input/output
P6,/IRQ3,
P6¢/IRQ,
Port7  8-bit input/ P7,/1SCKy, Input and output (SCKy/,, TXDy/,, RXD,),) for serial
output port P74/SCK4, communication interfaces 1 and 2 (SCI1/2), external interrupt
P75/RXD,, input (IRQ4/0), A/D converter trigger input (ADTRG), and
P7,4TXD,, general-purpose input/output
P73/RXDy,
P7,/TXDy,
P7,/IRQ4/
ADTRG,
P74/IRQq
Port 8  4-bit input P85—P8¢/ Analog input for A/D converter (AN;; to ANg) and general-
port AN1;—ANg purpose input
Port9  8-bit input P9,—P9y/ Analog input for A/D converter (AN, to ANg) and general-purpose
port AN7—ANq input
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Table10-2 Ports1to C, Pin Names, and Functionsin Each M ode (H8/538) (cont)

Expanded Minimum
Modes

Expanded Maximum
Modes

Mode 7
Modes Modes (Single-
Port Description  Pins land 6 Mode 2 3and 5 Mode 4 Chip Mode)
Port A 7-bit input/ PAG/T30C,/ Output from 16-bit integrated-timer pulse unit 16-bit
output port BACK, (IPV), general-purpose input/output, and BACK, integrated-
PA5/T30C,/ BREQ, and WAIT input and output if enabled timer pulse
BREQ, by settings in bus release control register (BRCR)  unit (IPU)
PA,/WAIT and wait control register (WCR) output, and
PA3/Ao/T50C,,  Output (TSOC,1, Page Page general-
PA,/A;g/T50C;,  T40C,) from 16-bit address  address ~ PUrPose
PA/A1;/ITAOC,, integrated-timer pulse output (A9 output (Asg input/output
PAy/A14/T40C, unit (IPU), and general-  to Ag) to Asg) (PAg:
purpose input/output when general-
DDR=1, Purpose
general- input/output
purpose only)
input when
DDR =0
Port B 8-bit input/ PB,—PBy/ Address Address Address Address General-
output port Ais5—Ag output output output output purpose
(A15 to Ao) (A15 to Ao) (A15 to Ao) (A15 to Ao) input/output
when when
DDR =1, DDR =1,
Port C  8-bit input/ PC,—PCyf general- general-
output port A;—Ap purpose purpose
input when input when
DDR =0 DDR=0
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10.2 Port 1
10.2.1 Overview

Port 1 is an eight-bit general-purpose input/output port in mode 7. Inmodes1to 6, port Lisa
data bus (D15 to D8)

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

Figure 10-1 summarizes the pin functions. Figure 10-2 shows examples of output loads for port 1.

P1/D1s
P1g/D14

P14/D1s
P13/D1y
P1,/D1o
P11/Dg

Port 1

.
-~
~— P15/D13
-~
.

[
[

e— P1/Dg

Figure10-1 Port 1 Pin Functions

———— | HD7404etc — ]
) Darlington pair
Ho— ]
Port 1 [ Hp74Ls04 etc. Port 1
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-2 Examplesof Port 1 Output L oads
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10.2.2 Register Descriptions
Table 10-3 summarizes the registers of port 1.

Table 10-3 Port 1 Registers

Address Name Abbreviation R/W Initial Value
H'FE80 Port 1 data direction register P1DDR W H'00
H'FE82 Port 1 data register P1DR R/W H'00

(1) Port 1 Data Direction Register: The port 1 data direction register (PLDDR) is an eight-bit
register. Each bit selectsinput or output for one pinin port 1. These input/output designations are
valid only in mode 7.

Bit 7 6 5 4 3 2 1 0

| P1;DDR ‘ P1¢DDR ‘ P1sDDR ‘ P1,DDR ‘ P1;DDR ‘ P1,DDR ‘ P1,:DDR ‘ P1,DDR |

Initial value 0 0 0 0 0 0 0 0
R/W w W w W w w W W

A pinin port 1 becomes an output pin if the corresponding PLDDR bit is set to 1, and an input pin
if thishitiscleared to 0. PADDR isawrite-only register. All bits always return the value 1 when
read.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. P1DDR is not initialized
in software standby mode.

(2) Port 1 Data Register: The port 1 dataregister (P1DR) is an eight-bit register that stores data
for pins P1g to P1;. PADRisused only in mode 7. In modes 1 to 6, the bit valuesin P1DR cannot
be modified and alwaysread 1.

Bit 7 6 5 4 3 2 1 0

| P1; ‘ Ple ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P13 ‘ Plg |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When abit in PLDDR is set to 1, the corresponding P1DR bit value is output at the corresponding
pin. If port 1isread the value in P1DR is returned, regardless of the actual state of the pin.
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When abit in PLDDR iscleared to 0, it is possible to write to the corresponding P1DR bit but the
valueis not output at the pin. If PIDR isread the value at the pin is returned, regardless of the
value written in P1DR.

P1DR isinitialized to H'00 by areset and in hardware standby mode. P1DR isnot initialized in
software standby mode.

10.2.3 Pin Functionsin Each M ode

The functions of port 1 differ between the externally expanded modes (modes 1 to 6) and single-
chip mode (mode 7). The pin functions in each mode are described bel ow.

(1) Pin Functionsin Externally Expanded Modes (M odes 1 to 6): The settingsin PLDDR are
ignored. Port 1 automatically becomes a bidirectional data bus. Figure 10-3 shows the pin
functionsin modes 1 to 6.

Pin Functions

~—> D5 (bidirectional data bus)
~—> D14 (bidirectional data bus)
<— D33 (bidirectional data bus)
~—= D, (bidirectional data bus)
Port 1
<— D3, (bidirectional data bus)
~~— D (bidirectional data bus)

~~— Dg (bidirectional data bus)

~~— Dg (bidirectional data bus)

Figure10-3 Pin Functionsin Modes1to 6
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(2) Pin Functionsin Single-Chip Mode (Mode 7): Port 1 consists of general-purpose
input/output pins. Input or output can be selected separately for each pin. A pin becomes an
output pin if the corresponding PLDDR bit isset to 1 and an input pinif thisbit is cleared to O.
Figure 10-4 shows the pin functionsin mode 7.

Pin Functions

~—> P15 (input/output pin)
~—> P14 (input/output pin)
~—= P15 (input/output pin)
~— P14 (input/output pin)
Port 1 ~— P13 (input/output pin)
~— P1, (input/output pin)
~— P1, (input/output pin)
<— P1j (input/output pin)

Figure 10-4 Pin Functionsin Mode 7

(3) Software Standby Mode: Transition to software standby does not change the pin functionsin
single-chip mode. In the externally expanded modes, port 1 isin the high-impedance state during
software standby.
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10.2.4 Port 1 Read/Write Operations

P1DR and P1DDR have different read/write functions depending on whether port 1 isused asa
data bus (D5 to Dg) or for general-purpose input or output (P17 to P1y). The operating states and
functions of port 1 are described next.

(1) DataBus(Modes1to 6): Figure 10-5 shows a block diagram illustrating the data-bus
function. Table 10-4 indicates register read/write data. When port 1 operates as a data bus, the
valuesin the port 1 dataregister (PLDR) have no effect on the buslines. When read, PIDR
returnsall 1s.

~—

" Data bus

3 [ >| Dis—Ds
o]

% Vce

° Read

©

£

£ | write

= » P1DR

Figure 10-5 DataBus: D5t0 Dg(Modes 1 to 6)

Table10-4 Register Read/Write Data

Read Write

P1DR Always 1 Don'’t care

(2) Input Port (Mode 7): Figure 10-6 shows a block diagram illustrating the general-purpose
input function. Table 10-5 indicates register read/write data. Values written in the port 1 data
register (P1DR) have no effect on general-purpose input lines. When read, P1DR returns the
value at the pin.
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2

2]

a

p Read

e P1,—P1g
©

=

5| Write

£ » P1DR

S

Figure10-6 Input Port (Mode7)
Table 10-5 Register Read/Write Data

Read Write

P1DR Pin value Don't care

(3) Output Port (Mode 7): Figure 10-7 shows a block diagram illustrating the general-purpose
output function. Table 10-6 indicates register read/write data. The value written in the port 1 data
register (P1DR) is output at the pin. When read, P1DR returns the value written in P1LDR.

[ ~—

%)

>

o]

ol

T P1,—P1g
©

=< | Read/

S | write

e » P1DR

S

Figure 10-7 Output Port (Mode 7)

Table10-6 Register Read/Write Data

Read Write

P1DR P1DR value Value output at pin
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10.3 Port 2
10.3.1 Overview

Port 2 is an eight-bit general-purpose input/output port in modes 2 and 7. In modes 1, 3, 4, 5, and
6, port 2 is adata bus (D7 to Dg).

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Figure 10-8 summarizes the pin functions. Figure 10-9 shows examples of output loads for port 2.

P27/D7
P26/Dg
P25/Ds
P24/D4
P23/D3
P2,/D
P2,/D;
P20/Do

l—
l—
l—
l—
Port 2

[—
[—
[—
[—

Figure10-8 Port 2 Pin Functions

HD7404 etc. Darlington pair
—Do—
Port 2 [ 1Hb74Ls04 etc. Port 2
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-9 Examplesof Port 2 Output L cads
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10.3.2 Register Descriptions
Table 10-7 summarizes the registers of port 2.

Table10-7 Port 2 Registers

Address Name Abbreviation R/W Initial Value
H'FE81 Port 2 data direction register P2DDR w H'00
H'FE83 Port 2 data register P2DR R/W H'00

(1) Port 2 Data Direction Register: The port 2 data direction register (P2DDR) is an eight-bit
register. Each bit selectsinput or output for one pinin port 2. These input/output designations are
valid only in modes 2 and 7.

Bit 7 6 5 4 3 2 1 0

| P2;DDR ‘ P2sDDR ‘ P25DDR ‘ P2,DDR ‘ P23DDR ‘ P2,DDR ‘ P2,DDR ‘ P2o,DDR |

Initial value 0 0 0 0 0 0 0 0
R/W W w W w W w w w

A pinin port 2 becomes an output pin if the corresponding P2DDR hit is set to 1, and an input pin
if thishitiscleared to 0. P2DDR isawrite-only register. All bits always return the value 1 when
read.

P2DDRisinitialized to H'00 by areset and in hardware standby mode. P2DDR is not initialized
in software standby mode.

(2) Port 2 Data Register: The port 2 data register (P2DR) is an eight-bit register that stores data
for pins P2; to P2;. P2DRisused only inmodes 2 and 7. Inmodes 1, 3, 4, 5, and 6, the bit
values in P2DR cannot be modified and always read 1.

Bit 7 6 5 4 3 2 1 0

| P2 | P2 | P2 | P2 | P2 | P2 | P2 | P2 |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in P2DDR is set to 1, the corresponding P2DR bit value is output at the corresponding
pin. If port 2 isread the valuein P2DR is returned, regardless of the actual state of the pin.
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When abit in P2DDR iscleared to 0, it is possible to write to the corresponding P2DR bit but the
valueis not output at the pin. If P2DR isread the value at the pin is returned, regardless of the
value written in P2DR.

P2DR isinitialized to H'00 by areset and in hardware standby mode. P2DR isnot initialized in
software standby mode.

10.3.3 Pin Functionsin Each Mode

The functions of port 2 differ between modes 1, 3, 4, 5, and 6 on one hand, and modes 2 and 7 on
the other hand. The pin functions in each mode group are described below.

(1) Pin Functionsin Modes, 3, 4, 5, and 6: The settingsin P2DDR are ignored. Port 2
automatically becomes a bidirectional data bus. Figure 10-10 shows the pin functionsin modes 1,
3,4,5, and 6.

Pin Functions

~—=> Dy (bidirectional data bus)
<— Dg (bidirectional data bus)
~—= D5 (bidirectional data bus)
~—> D, (bidirectional data bus)
Port 2 S
~—> D3 (bidirectional data bus)
~— D, (bidirectional data bus)
~~— D (bidirectional data bus)

~— Dy (bidirectional data bus)

Figure10-10 Pin Functionsin Modes1, 3,4, 5, and 6

(2) Pin Functionsin Modes 2 and 7: Port 2 consists of general-purpose input/output pins. Input
or output can be selected separately for each pin. A pin becomes an output pin if the
corresponding P2DDR bit is set to 1 and an input pin if thisbit is cleared to 0. Figure 10-11
shows the pin functionsin modes 2 and 7.
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Pin Functions

~—> P2 (input/output pin)
~—> P2; (input/output pin)
~— P25 (input/output pin)
~— P2, (input/output pin)
Port 2
~— P23 (input/output pin)
~~— P2, (input/output pin)
~— P2, (input/output pin)

~— P2 (input/output pin)

Figure10-11 Pin Functionsin Modes2 and 7

(3) Software Standby Mode: Transition to software standby does not change the pin functionsin
single-chip mode. In the externally expanded modes, port 2 isin the high-impedance state during
software standby.

10.3.4 Port 2 Read/Write Operations

P2DR and P2DDR have different read/write functions depending on whether port 2 isused as a
data bus (D5 to Dg) or for general-purpose input or output (P2; to P2q). The operating states and
functions of port 2 are described next.

(1) DataBus(All Pins: Modes 1, 3, 4, 5, and 6): Figure 10-12 shows a block diagram
illustrating the data-bus function. Table 10-8 indicates register read/write data. When port 2
operates as adata bus, the valuesin the port 2 data register (P2DR) have no effect on the bus lines.
When read, P2DR returns all 1s.

~—
" Data bus
S D7-Do
o]
<\'S
= TVCC
3 Read
©
c
2| write
= = P2DR

Figure10-12 Data Bus: D;to Dy (Modes1, 3, 4, 5, and 6)
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Table 10-8 Register Read/Write Data

Read Write

P2DR Always 1 Don't care

(2) Input Port (Modes 2 and 7): Figure 10-13 shows a block diagram illustrating the general-
purpose input function. Table 10-9 indicates register read/write data. Vaues written in the port 2
dataregister (P2DR) have no effect on general-purpose input lines. When read, P2DR returns the
value at the pin.

~—
2]
a
© Read
T P27,-P2q
©
g
5 | Write
E P2DR

—

Figure 10-13 Input Port (Modes2 and 7)

Table 10-9 Register Read/Write Data

Read Write

P2DR Pin value Don't care

(3) Output Port (Modes2 and 7): Figure 10-14 shows a block diagram illustrating the general-
purpose output function. Table 10-10 indicates register read/write data. The value written in the
port 2 data register (P2DR) is output at the pin. When read, P2DR returns the value written in
P2DR.

e ~—

(%3]

=}

o

©

T P27,-P2g
©

< | Read/

S| Write

£ ~| P2DR

Figure10-14 Output Port (Modes2 and 7)
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Table10-10 Register Read/Write Data

Read Write

P2DR P2DR value Value output at pin

10.4 Port 3
10.4.1 Overview

Port 3 isasix-bit input/output port that is multiplexed with output compare pins (T20C,, T20C,,
T10C, to T10C,) of the 16-bit integrated-timer pulse unit (IPU). Figure 10-15 summarizes the
pin functions.

Pinsin port 3 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair or LED (with 10-mA current sink).

~—= P35 (input/output)/T20C, (output)
~— P34 (input/output)/T20C; (output)
~—= P33 (input/output)/T1OC4 (output)
Port 3 ~— P3, (input/output)/T1OC3 (output)
~— P3; (input/output)/T10C, (output)
-

P3p (input/output)/T1OC (output)

Figure10-15 Port 3 Pin Functions

Figure 10-16 shows examples of output loads for port 3.
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——— |  HD7404 etc. — ]

(3) LEDdriving circuit

Darlington pair

—1o— 1
Port3 [ Hb74Ls04 etc. Port 3
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair
\/\ VCC
1 600 Q
Port 3
LED
1
\/\

Figure10-16 Examplesof Port 3 Output L oads
10.4.2 Register Descriptions
Table 10-11 summarizes the registers of port 3.

Table10-11 Port 3 Registers

Address Name Abbreviation R/W Initial Value
H'FE84 Port 3 data direction register P3DDR W H'CO
H'FE86 Port 3 data register P3DR R/W H'CO
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(1) Port 3 Data Direction Register: The port 3 data direction register (P3DDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| — ‘ — ‘ P3sDDR ‘ P34DDR ‘ P33:DDR ‘ P3,DDR ‘ P3:DDR ‘ P3oDDR |

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

A pinin port 3 becomes an output pin if the corresponding P3DDR hit is set to 1, and an input pin
if thishitiscleared to 0. P3DDR isawrite-only register. All bits always return the value 1 when
read.

P3DDR isinitialized to H'CO by areset and in hardware standby mode. P3DDR isnot initialized
in software standby mode.

(2) Port 3 Data Register: The port 3 data register (P3DR) is an eight-bit register that stores data
for pins P35 to P3,.

Bit 7 6 5 4 3 2 1 0

| — | — | p3s | p3 | P3| P3| Py | P3|
Initial value 1 1 0 0 0 0 0 0
R/W — — R/W R/W R/W R/W R/W R/W

When abitin P3BDDR is set to 1, the corresponding P3DR hit value is output at the corresponding
pin. If port 3isread the valuein P3DR is returned, regardless of the actual state of the pin.

When abit in P3BDDR iscleared to 0, it is possible to write to the corresponding P3DR bit but the
valueis not output at the pin. If P3DR isread the value at the pin is returned, regardless of the
vaue written in P3DR.

P3DRisinitialized to H'CO by areset and in hardware standby mode. P3DR is not initialized in
software standby mode.

10.4.3 Pin Functionsin Each M ode

In al modes port 3 can be used for general-purpose input or output, or for the output compare
function of the 16-bit integrated-timer pulse unit (1PU).
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(1) Pin Functionsin Modes 1to 7: When apinis used for |PU output, the setting in P3BDDR is
ignored. T10C; to T10C,, T20C,, or T20C, output is selected automatically. For methods of
selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 3 becomes an input or output port according to P3ADDR and P3DR.

10.4.4 Port 3 Read/Write Operations

P3DR and P3DDR have different read/write functions depending on whether port 3 is used for the
output compare function (T10C, to T10C,, T20C,, T20C,) of the 16-bit integrated-timer pulse
unit (IPU) or general-purpose input or output (P35 to P3y). The operating states and functions of
port 3 are described next.

(1) Input Port (Modes1to 7): Figure 10-17 shows a block diagram illustrating the general-
purpose input function. Table 10-12 indicates register read/write data. Values written in the port 3
data register (P3DR) have no effect on general-purpose input lines. When read, P3DR returns the
value at the pin.

)

Read
- P35-P3g

Write

Internal data bus

> P3DR

\

Figure10-17 Input Port (Modes1to7)

Table10-12 Register Read/Write Data

Read Write

P3DR Pin value Don'’t care

(2) Output Port (Modes1to 7): Figure 10-18 shows ablock diagram illustrating the general-
purpose output function. Table 10-13 indicates register read/write data. The value written in the
port 3 data register (P3DR) is output at the pin. When read, P3DR returns the value written in
P3DR.
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/

P35-P3p

Read/
Write

Internal data bus

> P3DR

S

Figure10-18 Output Port (Modes1to 7)

Table 10-13 Register Read/Write Data
Read Write

P3DR P3DR value Value output at pin

(3) Timer Output Pins(Modes 1to 7): Figure 10-19 shows a block diagram illustrating the
timer output function. Table 10-14 indicates register read/write data. When apinin port 3 isused
for timer output, the setting in the port 3 data direction register (P3DDR) isignored. Thevauein
the port 3 data register (P3DR) has no effect on the timer output. When read, P3DR returns the
timer output level (T10C; to T10C,, T20C,, or T20C,).

~—
Timer output
2]
>
Ko}
© Read |—> T10C14
g T20Cq, 2
g
5 | Write
£ P3DR

\

Figure10-19 Timer Output Pins(Modes1to7)

Table 10-14 Register Read/Write Data
Read Write

P3DR Pin value Don't care
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10.5 Port 4

10.5.1 Overview

Port 4 is an eight-bit input/output port that is multiplexed with output compare and input capture
pins (T710C,q, T6IOC,;4, TSIOC,,, TAIOC,,;) of the 16-bit integrated-timer pulse unit (1PU).
Figure 10-20 summarizes the pin functions.

Pinsin port 4 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair. P47 to P4y have Schmitt-trigger input circuits.

Port 4

P47 (input/output)/T710C; (input/output)
P4¢ (input/output)/T710C1 (input/output)
P45 (input/output)/T610C; (input/output)
P4, (input/output)/T610C1 (input/output)
P43 (input/output)/T510C> (input/output)
P4, (input/output)/T510C1 (input/output)
P44 (input/output)/T410C; (input/output)
P4 (input/output)/T410C; (input/output)

Figure 10-20 Port 4 Pin Functions

Figure 10-21 shows examples of output loads for port 4.

Port 4

(1) One TTL load or four LS-TTL loads

HD7404 etc. — ]
[—{>o0— ]
1 Hb74L504 etc. Port 4

\/\

Darlington pair

(2) Darlington transistor pair

Figure10-21 Examplesof Port 4 Output L oads
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10.5.2 Register Descriptions
Table 10-15 summarizes the registers of port 4.

Table10-15 Port 4 Registers

Address Name Abbreviation R/W Initial Value
H'FE85 Port 4 data direction register PADDR W H'00
H'FE87 Port 4 data register P4DR R/W H'00

(1) Port 4 Data Direction Register: The port 4 data direction register (P4ADDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P4;DDR ‘ P4¢DDR ‘ P4sDDR ‘ P4,DDR ‘ P43;DDR ‘ P4,DDR ‘ P4,:DDR ‘ P4oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W w W w W W W W

A pinin port 4 becomes an output pin if the corresponding PADDR bit is set to 1, and an input pin
if thishitiscleared to 0. PADDR isawrite-only register. All bits always return the value 1 when
read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. PADDR is not initialized
in software standby mode.

(2) Port 4 Data Register: The port 4 data register (PADR) is an eight-bit register that stores data
for pins P4, to P4y,

Bit 7 6 5 4 3 2 1 0

| Pa; | Pag | Pas | P4y | Pag | pPay | pPay | pPag |
Initial value 0 0 0 0 0 0 0 0
RIW RW RW RW RW RW RW RW  RW

When abit in PADDR is set to 1, the corresponding PADR bit value is output at the corresponding
pin. If port 4 isread the value in PADR is returned, regardless of the actual state of the pin.

When abit in PADDR iscleared to 0, it is possible to write to the corresponding PADR bit but the
valueis not output at the pin. If PADR isread the value at the pin is returned, regardless of the
value written in PADR.
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PADR isinitialized to H'00 by areset and in hardware standby mode. PADR isnot initialized in
software standby mode.

10.5.3 Pin Functionsin Each M ode

In al modes port 4 can be used for general-purpose input or output, or for the input capture and
output compare functions of the 16-bit integrated-timer pulse unit (1PU).

(1) Pin Functionsin Modes1to 7: When apin is used for the |PU output-compare function, the
setting in PADDR has no effect. T4l0C4, T410C,, T510C,, T5I0C,, T6IOC,, T6IOC,, T710C,,
or T710C, output is selected automatically. When the IPU input capture function is selected, the
PADDR setting is valid and the pin can simultaneously function as a general-purpose input or
output port. For methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 4 becomes an input or output port according to PADDR and PADR.

10.5.4 Port 4 Read/Write Operations

PADR and PADDR have different read/write functions depending on whether port 4 is used for the
input capture or output compare function (T410Cy;5, T5IOCy,, TEIOC, 5, T710C,) of the 16-bit
integrated-timer pulse unit (IPU) or for general-purpose input or output (P4, to P4g). The
operating states and functions of port 4 are described next.

(1) Input Port (Modes 1to 7): Figure 10-22 shows a block diagram illustrating the general-
purpose input function. Table 10-16 indicates register read/write data. Values written in the port 4
dataregister (PADR) have no effect on general-purpose input lines. When read, PADR returns the
vaue at the pin.

/

Read
- P47-P4g

Write
P4DR

Internal data bus

S

Figure10-22 Input Port (Modes1to7)
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Table10-16 Register Read/Write Data

Read Write

P4DR Pin value Don’t care

(2) Output Port (Modes1to 7): Figure 10-23 shows ablock diagram illustrating the general-
purpose output function. Table 10-17 indicates register read/write data. The value written in the
port 4 data register (PADR) is output at the pin. When read, PADR returns the value written in
P4ADR.

/

P4,-P4q

Read/
Write

Internal data bus

P4DR

—

Figure 10-23 Output Port (Modes 1to 7)

Table10-17 Register Read/Write Data
Read Write

P4DR P4DR value Value output at pin

(3) Timer Output Pins(Modes 1to 7): Figure 10-24 shows a block diagram illustrating the
output compare function. Table 10-18 indicates register read/write data. When apininport4is
used for output compare, the value in the port 4 data register (PADR) has no effect on the timer
output. When read, PADR returns the timer output level (T410Cq, T410C,, T5IOC,, T510C,,
T6IOC,, T6IOC,, T710C, or T710C,).

~—
Timer output

[%2)

>

f; Read |—>

= |- T4I0Cy, 2
e]

E T5I0C; »
= | Write :
= T710Cq, 2

Figure10-24 Output Compare Pins (Modes1to 7)
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Table10-18 Register Read/Write Data

Read Write

P4DR Pin value Don'’t care

(4) Timer Input Combined with General-Purpose Output (Modes 1 to 7): Figure 10-25 shows
ablock diagram illustrating the input capture function when combined with general-purpose
output. Table 10-19 indicates register read/write data. An input capture pin can also function as
an output port, in which case the output value isinput to the timer.

~—
Timer input
2]
2 t
g T410C; 5
©
< | Read/
GE) Write T510Cy, 2
2 |- PADR T6I0C, 2
= T710Cy, 2

Figure 10-25 Input Capture Combined with General-Purpose Output (Modes1to 7)

Table 10-19 Register Read/Write Data
Read Write

P4DR P4DR value Value output at pin

(5) Timer Input Combined with General-Purpose Input (Modes1to 7): Figure 10-26 shows a
block diagram illustrating the input capture function when combined with general-purpose input.
Table 10-20 indicates register read/write data. An input capture pin can also be read as an input
port, to monitor the timer input level at T410C;, T410C,, T510C,, T510C,, T610C,, T610C,,
T710C4, or T710C,.

[ ~—
Timer input
%)
>
ﬁ Read 1—
T T410Cq, »
©
El T510C; »
= | Write '
= T710Cq, 2

Figure10-26 Input Capture Combined with General-Purpose Input (Modes1to 7)
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Table10-20 Register Read/Write Data

Read Write

P4DR Timer input Don’t care

10.6 Port 5
10.6.1 Overview

Port 5 is an eight-bit input/output port that is multiplexed with output compare and input capture
pins (T3IOCyq, T210C,;1, TLIOCy3/5/1) Of the 16-bit integrated-timer pulse unit (IPU). Figure
10-27 summarizes the pin functions.

Pinsin port 5 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair or LED (with 10-mA current sink). Inputs are Schmitt-triggered.

~—> P57 (input/output)/T3I0C, (input/output)
—= P5g (input/output)/T3I0C; (input/output)
~—= P55 (input/output)/T210C, (input/output)
~—> P54 (input/output)/T2I10C1 (input/output)
Ports ~—> P53 (input/output)/T1IOC4 (input/output)
~—> P5, (input/output)/T1IOC3 (input/output)
~—> P5; (input/output)/T1IOC, (input/output)
~— P5q (input/output)/T110C; (input/output)

Figure 10-27 Port 5 Pin Functions

Figure 10-28 shows examples of output loads for port 5.
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— HD7404 etc. —

Darlington pair

[ F—o— ]
Port> 1 Hp74aLso4 etc. Port5
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair
] 600 Q
Port 5
LED
]
\/\

(3) LED driving circuit

Figure 10-28 Examplesof Port 5 Output L oads
10.6.2 Register Descriptions
Table 10-21 summarizes the registers of port 5.

Table10-21 Port 5 Registers

Address Name Abbreviation R/W Initial Value
H'FE88 Port 5 data direction register P5DDR W H'00
H'FE8SA Port 5 data register P5DR R/W H'00
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(1) Port 5 Data Direction Register: The port 5 data direction register (PSDDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P5,DDR | P5,DDR | P55DDR | P5,DDR | P53DDR | P5,DDR | P5;DDR | P5oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W w W W W W W

A pinin port 5 becomes an output pin if the corresponding PSDDR bit is set to 1, and an input pin
if thishitiscleared to 0. PSDDR isawrite-only register. All bits always return the value 1 when
read.

PSDDR isinitialized to H'00 by areset and in hardware standby mode. P5DDR is not initialized
in software standby mode.

(2) Port 5 Data Register: The port 5 data register (PSDR) is an eight-bit register that stores data
for pins P57 to P5,,.

Bit 7 6 5 4 3 2 1 0

| P5; \ P5s \ P5s \ P54 \ P53 \ P5, \ P5; \ P50 |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW R/W RIW RIW RIW

When abit in PSDDR is set to 1, the corresponding P5SDR bit value is output at the corresponding
pin. If port 5isread the valuein PSDR is returned, regardiess of the actua state of the pin.

When abit in PSDDR iscleared to 0, it is possible to write to the corresponding PSDR bit but the
value is not output at the pin. If PSDR isread the value at the pin is returned, regardless of the
value written in PSDR.

P5DRisinitialized to H'00 by areset and in hardware standby mode. PSDR is not initialized in
software standby mode.

10.6.3 Pin Functionsin Each Mode

In all modes port 5 can be used for general-purpose input or output, or for the input capture and
output compare functions of the 16-bit integrated-timer pulse unit (1PU).
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(1) Pin Functionsin Modes 1to 7: When apinis used for the |PU output compare function, the
setting in PSDDR isignored. T110C; to T1IOC,, T210C4, T210C,, T3I0C4, or T3IOC, output
is selected automatically. When the IPU input capture function is selected, the PSDDR setting is
valid and the pin can simultaneously function as a general-purpose input or output port. For
methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 5 becomes an input or output port according to PSDDR and PSDR.

10.6.4 Port 5 Read/Write Operations

P5DR and PSDDR have different read/write functions depending on whether port 5 is used for the
input capture or output compare function (TLOC; 5314, T210C 5, T3IOC,) of the 16-bit
integrated-timer pulse unit (IPU) or for general-purpose input or output. The operating states and
functions of port 5 are described next.

(1) Input Port (Modes1to 7): Figure 10-29 shows a block diagram illustrating the general -
purpose input function. Table 10-22 indicates register read/write data. Values written in the port 5
dataregister (P5DR) have no effect on general-purpose input lines. When read, PSDR returns the
value at the pin.

/

Read

P57—P5g

Write

Internal data bus

PSDR

S

Figure10-29 Input Port (Modes1to7)

Table 10-22 Register Read/Write Data

Read Write

P5DR Pin value Don't care

(2) Output Port (Modes 1to 7): Figure 10-30 shows a block diagram illustrating the general-
purpose output function. Table 10-23 indicates register read/write data. The value written in the
port 5 data register (P5DR) is output at the pin. When read, PSDR returns the value written in
PSDR.
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/

P57—P50

Read/

Write
- = P5DR

Internal data bus

S

Figure 10-30 Output Port (Modes1to 7)

Table 10-23 Register Read/Write Data

Read Write

P5DR P5DR value Value output at pin

(3) Timer Output Pins(Modes 1to 7): Figure 10-31 shows a block diagram illustrating the
output compare function. Table 10-24 indicates register read/write data. Whenapinin port5is
used for output compare, the value in the port 5 data register (PSDR) has no effect on the timer
output. PSDR can be read to monitor the timer output level (T11OC, to T1IOC,, T210C,,
T210C,, T3I0C,, T3IOC,).

~—
Timer output
[%2]
>
ﬁ Read |—>
T T1I0C14
©
g
5| Write T2I0Cq, 2
€ > P5DR T3I0Cq, 2

\

Figure10-31 Output Compare Pins (Modes1to7)

Table 10-24 Register Read/Write Data
Read Write

P5DR Pin value Don'’t care
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(4) Timer Input Combined with General-Purpose Output (Modes 1 to 7): Figure 10-32 shows
ablock diagram illustrating the input capture function when combined with general-purpose
output. Table 10-25 indicates register read/write data. An input capture pin can also function as
an output port, in which case the output value isinput to the timer.

~—
Timer input
(2]
E t
% T1I0C14
©
< | Read/
c .
= | Write T210C
3] 1,2
I PSDR <T3|oc1, 2

Figure 10-32 Input Capture Combined with General-Purpose Output (Modes1to 7)

Table 10-25 Register Read/Write Data

Read Write
P5DR P5DR value Timer input

(5) Timer Input Combined with General-Purpose Input (Modes 1to 7): Figure 10-33 shows a
block diagram illustrating the input capture function when combined with general-purpose input.
Table 10-26 indicates register read/write data. An input capture pin can also be read as an input
port, to monitor the timer input level at T1IOC, to T1IOC,, T210C,, T210C,, T3IOC,, or T3I0C,.

~—
Timer input

(2]

]

ﬁ Read f—

T T1IOCq_4
©

g

5 | Write T210Cq, 2
< P5DR T3I0Cy, 2

Figure 10-33 Input Capture Combined with General-Purpose Input (Modes 1to 7)

Table10-26 Register Read/Write Data

Read Write

P5DR Pin value Don't care
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10.7 Port 6
10.7.1 Overview

Port 6 is afive-bit input/output port that is multiplexed with the external clock pins (TCLK3/5/1) of
the 16-bit integrated-timer pulse unit (I1PU), with external interrupt pins (IRQz and IRQ,), and
with aPWM timer output pin (PW3). Figure 10-34 (a) and (b) summarizes the pin functions.

Pinsin port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair.

The H8/538 does not have a PWM timer output pin function.

~— P64 (input/output)/TCLK3 (input)
~— P63 (input/output)/TCLK> (input)
Port 6 [+— P6, (input/output)/TCLK; (input)
~— P&, (input/output)/IRQ3 (input)
—s P6q (input/output)/IRQ, (input)

Figure 10-34 (a) Port 6 Pin Functions (H8/538)

~—> P64 (input/output)/TCLKj3 (input)

~—= P63 (input/output)/TCLKj (input)

Port 6 [<+— P65 (input/output)/TCLK; (input)

l«— P86 (input/output)/IRQ3 (input)

le—s PG (input/output)/IRQ, (input)/PW; (output)

Figure10-34 (b) Port 6 Pin Functions (H8/539)
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Figure 10-35 shows examples of output loads for port 6.

———— | HD7404etc —
’ Darlington pair
HDo— ]
Port 6 H Hp7aLs04 etc. Port 6
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure10-35 Examplesof Port 6 Output L oads
10.7.2 Register Descriptions
Table 10-27 summarizes the registers of port 6.

Table 10-27 Port 6 Registers

Address Name Abbreviation R/W Initial Value
H'FE89 Port 6 data direction register P6DDR W H'EO
H'FE8SB Port 6 data register P6DR R/W H'EO
H'FEDB Port 6/7 control register* P67CR R/W H'3E

Note: * P67CR is not present in the H8/538.

(1) Port 6 Data Direction Register: The port 6 data direction register (P6DDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| — \ — \ — \ P6,DDR \ P63DDR \ P6,DDR \ P6,;DDR \ P6oDDR |

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

A pinin port 6 becomes an output pin if the corresponding P6DDR bit is set to 1, and an input pin
if thishitiscleared to 0. PEBDDR isawrite-only register. All bits always return the value 1 when
read.
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P6DDR isinitialized to H'EO by areset and in hardware standby mode. P6DDR is not initialized
in software standby mode.

(2) Port 6 Data Register: The port 6 data register (P6DR) is an eight-bit register that stores data
for pins P64 to PGy,

Bit 7 6 5 4 3 2 1 0

| — | — | — | pes | Pes | Pe; | P | Pey |
Initial value 1 1 1 0 0 0 0 0
R/W — — — R/W R/W R/W R/W R/W

When abit in PBDDR is set to 1, the corresponding P6DR hit value is output at the corresponding
pin.

When abit in PBDDR is cleared to 0, it is possible to write to the corresponding P6DR bit but the
valueis not output at the pin. If P6DR isread the value at the pin is returned, regardliess of the
vaue written in P6DR.

PEDR isinitialized to H'EO by areset and in hardware standby mode. P6DR isnot initidized in
software standby mode.

(3) Port 6/7 Control Register: The port 6/7 control register (P67CR) is an eight-bit register that
controls the functions of pin P6; in port 6 and pins P7; and P7g in port 7. P67CR is present only in
the H8/539. It is not present in the H8/538.

Bit 7 6 5 4 3 2 1 0

| PW2E ‘ PW1E ‘ — ‘ — ‘ — ‘ — ‘ — ‘ PW3E |
Initial value 0 0 1 1 1 1 1 0
R/W R/W R/W R R R R R R/W

Bits 7 and 6—PW, Enable and PW, Enable (PW2E, PW1E): These bits control the PWM
output function of pins P7-/SCK/PW, and P74/SCK/PW in port 7. When bits PW2E and PW1E
are set to 1, these pins can be used for PW, and PW, output and cannot be used for SCK, and
SCK 1 output.

Bit 0—PW3 Enable (PW3E): Controls the PWM output function of pin P6¢/IRQ./PW5 in port 6.
When bit PW3E is set to 1, this pin can be used for PW5 output.
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10.7.3 Pin Functionsin Each Mode

(1) Pin Functionsin Modes 1 to 7: When apinisused for IPU external clock input (TCLK3/5/1)
or external interrupt input (IRQz)), it can simultaneously function as a general-purpose input or
output port. When apin is used for PWM timer output (PW3), the PBDDR setting is disregarded
and the PW; function is selected. For methods of selecting pin functions, see appendix D “Pin
Function Selection.” The PWM timer output pin function is not present in the H8/538.

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 6 becomes an input or output port according to PEBDDR and P6DR.

10.7.4 Port 6 Read/Write Operations

P6DR and PEDDR have different read/write functions depending on whether port 6 is used for
external clock input (TCLKy/51) to the 16-bit integrated-timer pulse unit (1PU), external interrupt
input (IRQ3/2), PWM timer output (PW5), or general -purpose input or output (P6,4 to P6g). The
operating states and functions of port 6 are described next.

(1) Input Port (Modes1to 7): Figure 10-36 shows a block diagram illustrating the general-
purpose input function. Table 10-28 indicates register read/write data. Values written in the port 6
dataregister (P6DR) have no effect on general-purpose input lines. When read, P6DR returns the
value at the pin.

~—
2]
3
p Read
T P64—P6¢
©
E
5 | Write
£ P6DR

Figure10-36 Input Port (Modes1to7)

Table10-28 Register Read/Write Data

Read Write

P6DR Pin value Don't care
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(2) Output Port (Modes1to 7): Figure 10-37 shows ablock diagram illustrating the general-
purpose output function. Table 10-29 indicates register read/write data. The value written in the
port 6 data register (P6DR) is output at the pin. When read, P6DR returns the value written in
P6DR.

)

Internal data bus

P64—P6¢
Read/
Write
- = P6DR

S

Figure 10-37 Output Port (Modes1to 7)

Table10-29 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(3) IRQ3 or IRQ, Input Combined with General-Purpose Output (P8, P6;: modes 1 to 7):
Figure 10-38 shows a block diagram illustrating the IRQ5 and IRQs input function of P6; and P6y
when combined with general-purpose output. Table 10-30 indicates register read/write data.
When P6, and P6 are used for IRQ3 and IRQ, input they can also function as general-purpose
output ports. If the general-purpose output function is used, however, output of afalling edge will
cause an interrupt.

~—
IRQ3 or IRQ2 input

1)

E t

m -
Il IRQ2, IRQ3
©

< | Read/

= | Write

2 |- = P6DR

—

Figure 10-38 IRQ3o0r IRQ, Input Combined with General-Purpose Output (Modes 1 to 7)
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Table 10-30 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(4) IRQzor IRQ, Input Combined with General-Purpose | nput (P6;, P6y: Modes 1to 7):
Figure 10-39 shows a block diagram illustrating the IRQ5 and IRQ, input function when
combined with general-purpose input. Table 10-31 indicates register read/write data. \When P6,;
and P6; are used for IRQ3 and IRQ, input they can also be read as general-purpose input ports, to
monitor the input level at IRQ5 or IRQ,.

~—
IRQ3 or IRQ2 input

(2]

>

'2 Read t—

T [ IRQ2, IRQ3
©

g

5| Write

£ > P6DR

S

Figure10-39 IRQ3or IRQ, Input Combined with General-Purpose Input (Modes 1 to 7)

Table10-31 Register Read/Write Data

Read Write

P6DR Pin value Don'’t care

(5) Timer Clock Input Combined with General-Purpose Output (P64 to P6,: Modes1to 7):
Figure 10-40 shows a block diagram illustrating the TCLK 3 to TCLK; input function of P64 to
P6, when combined with general-purpose output. Table 10-32 indicates register read/write data.
When P6, to P6, are used for TCLK 3, TCLK, and TCLK 4 input they can also function as
general-purpose output ports.
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)

TCLK3 to TCLK; input

t

TCLK3-1

Read/

Write
- » P6DR

Internal data bus

\

Figure10-40 TCLKg3to TCLK4 Input Combined with General-Purpose Output
(Modes1to7)

Table 10-32 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(6) Timer Clock Input Combined with General-Purpose I nput (P6,4 to P6,: Modes 1 to 7):
Figure 10-41 shows ablock diagram illustrating the TCLK 5 to TCLK; input function of P64 to
P6, when combined with general-purpose input. Table 10-33 indicates register read/write data.
When P6, to P6, are used for TCLK 3, TCLK, and TCLK4 input they can also be read as general-
purpose input ports, to monitor the input level at TCLK3to TCLK;.

~—
TCLK3 to TCLK; input
2]
>
}?5 Read t—
T | TCLK31
©
g
5| Write
)= > P6DR

S

Figure10-41 TCLK3to TCLK; Input Combined with General-Purpose Input
(Modes1to7)

Table 10-33 Register Read/Write Data

Read Write

P6DR Pin value Don'’t care
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(7) PW3 Output Combined with General-Purpose Input (P6y: Modes 1 to 7, H8/539 Only):
Figure 10-42 shows a block diagram illustrating the PW3 output function of P6; when combined
with general-purpose input. Table 10-34 indicates register read/write data. When P6g is used for
PW output it can also be read as a general-purpose input port, to monitor the state of the PW5

pin.

~—
PW3 output
%)
'8 \—>
p Read
= |- PW3
©
=
5| Write
€ > PG6DR

\

Figure 10-42 PW3 Output Combined with General-Purpose Input (Modes 1 to 7)

Table10-34 Register Read/Write Data

Read Write

P6DR Pin value Don't care
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10.8 Port 7
10.8.1 Overview

Port 7 is an eight-bit input/output port that is multiplexed with the seria clock input/output pins
(SCK,, and SCK 4), transmit data output pins (TXD, and TXD,), and receive data input pins
(RXD5 and RXD,) of the serial communication interface (SCI), with PWM timer output pins
(PW, and PW,), with external interrupt pins (IRQ; and IRQg), and with the external trigger pin
(ADTRG) of the A/D converter. Figure 10-43 (a) and (b) summarizes the pin functions. Pinsin
port 7 can drive one TTL load and a 30-pF capacitive load. They can also drive a Darlington
transistor pair.

The H8/538 does not have PWM timer output pin functions.

~—> P77 (input/output)/SCKj (input/output)
~—> P7¢ (input/output)/SCK1 (input/output)
~—= P75 (input/output)/RXD2 (input)
~—> P74 (input/output)/TXD2 (output)
Port 7
~— P73 (input/output)/RXD; (input)
~— P7, (input/output)/TXD; (output)

~— P74 (input/output)/IRQ1 (input)/ADTRG (input)

~— P7q (input/output)/IRQg (input)

Figure 10-43 (a) Port 7 Pin Functions (H8/538)

~—> P77 (input/output)/SCKj (input/output)/PW, (output)
<— P7g (input/output)/SCK; (input/output)/PW; (output)
— P75 (input/output)/RXD2 (input)

~—> P7,4 (input/output)/TXD, (output)

Port 7 ~— P73 (input/output)/RXD; (input)
~—> P7, (input/output)/TXD1 (output)

~— P7; (input/output)/IRQ1 (input)/ADTRG (input)

~— P7( (input/output)/IRQq (input)

Figure10-43 (b) Port 7 Pin Functions (H8/539)
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Figure 10-44 shows examples of output loads for port 7.

] HD7404 etc. ] Darlington pair
[H—"Do— [ ]
Port 7 [ Hp74Ls04 etc. Port 7
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-44 Examplesof Port 7 Output L oads
10.8.2 Register Descriptions
Table 10-35 summarizes the registers of port 7.

Table 10-35 Port 7 Registers

Address Name Abbreviation R/W Initial Value
H'FE8C Port 7 data direction register P7DDR W H'00
H'FESE Port 7 data register P7DR R/W H'00
H'FEDE Port 6/7 control register* P67CR R/W H'3E

Note: * P67CR is not present in the H8/538.

(1) Port 7 Data Direction Register: The port 7 data direction register (P7DDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P7,DDR | P76DDR | P7sDDR | P7,DDR | P7:DDR | P7,DDR | P7:DDR | P7oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W w W W W W W

A pinin port 7 becomes an output pin if the corresponding P7DDR hit is set to 1, and an input pin
if thishitiscleared to 0. P7DDR isawrite-only register. All bits always return the value 1 when
read.

P7DDR isinitialized to H'00 by areset and in hardware standby mode. P7DDR isnot initialized
in software standby mode.
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(2) Port 7 Data Register: The port 7 dataregister (P7DR) is an eight-bit register that stores data
for pins P7; to P7,.

Bit 7 6 5 4 3 2 1 0

| P7; ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P71 ‘ P7o |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When abitin P7TDDR is set to 1, the corresponding P7DR bit value is output at the corresponding
pin. If port 7 isread the value in P7DR is returned, regardless of the actua state of the pin.

When abit in PTDDR iscleared to 0, it is possible to write to the corresponding P7DR bit but the
value is not output at the pin. If P7DR isread the value at the pin is returned, regardless of the
value written in P7DR.

P7DRisinitialized to H'00 by areset and in hardware standby mode. P7DR isnot initialized in
software standby mode.

(3) Port 6/7 Control Register: The port 6/7 control register (P67CR) is an eight-bit register that
controls the functions of pin P6q in port 6 and pins P7; and P7¢ in port 7. P67CR is present only in
the H8/539. It is not present in the H8/538.

Bit 7 6 5 4 3 2 1 0

| PW2E \ PW1E \ — \ — \ — \ — \ — \ PW3E |
Initial value 0 0 1 1 1 1 1 0
RIW RIW RIW R R R R R RIW

Bits 7 and 6—PW, Enable and PW, Enable (PW2E, PW1E): These bits control the PWM
output function of pins P7,/SCK4/PW, and P7¢/SCK1/PW in port 7. When bits PW2E and PW1E
are set to 1, these pins can be used for PW, and PW output and cannot be used for SCK, and
SCK 4 output.

Bit 0—PW 3 Enable (PW3E): Controls the PWM output function of pin P6y/IRQ./PW3 in port 6.
When bit PW3E is set to 1, this pin can be used for PW5 output.
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10.8.3 Pin Functionsin Each Mode

(1) Pin Functionsin Modes 1to 7: When apinisused for input or output by the serial
communication interface (SCI) or aPWM timer, the P7TDDR setting is disregarded and the pin is
used for serial clock input or output (SCK5/1), transmit data output (TXD,4), receive datainput
(RXDyyq), or PWM timer output (PW15).

When P7, and P7; are used for external interrupt input (IRQq and IRQy), they can simultaneously
function as general-purpose input or output ports. P7, can also function as the external trigger
signal (ADTRG) for the A/D converter.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 7 becomes an input or output port according to P7DDR and P7DR.

10.8.4 Port 7 Read/Write Operations

P7DR and P7DDR have different read/write functions depending on whether port 7 is used for
output of transmit data (TXD1;5), input of receive data (RXD4;,), input or output of seria clocks
(SCKyyp) for the serial communication interface, PWM timer output (PWo,4), external interrupt
input (IRQ,0), or general-purpose input or output. The operating states and functions of port 7 are
described next.

(1) Input Port (Modes1to 7): Figure 10-45 shows a block diagram illustrating the general-
purpose input function. Table 10-36 indicates register read/write data. Vaues written in the port 7
dataregister (P7DR) have no effect on general-purpose input lines. When read, P7DR returns the
value at the pin.

/

Read
- P77—P70

Write

Internal data bus

P7DR

S

Figure10-45 Input Port (Modes1to7)
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Table 10-36 Register Read/Write Data

Read Write

P7DR Pin value Don't care

(2) Output Port (Modes1to 7): Figure 10-46 shows a block diagram illustrating the general-
purpose output function. Table 10-37 indicates register read/write data. The value written in the
port 7 data register (P7DR) is output at the pin. When read, P7DR returns the value written in
P7DR.

~—

(2]

=}

o)

«

T P7:-P7y
©

< | Read/

S| Write

E ~| P7DR

S

Figure 10-46 Output Port (Modes1to 7)

Table 10-37 Register Read/Write Data

Read Write

P7DR P7DR value Value output at pin

(3) TRQ4 or IRQ Input Combined with General-Purpose Output (P74, P7y: Modes 1to 7):
Figure 10-47 shows a block diagram illustrating the IRQ; and IRQq input function when
combined with general-purpose output. Table 10-38 indicates register read/write data. When P7,
and P7, are used for IRQ and IRQ input they can also function as general-purpose output ports.
If the general-purpose output function is used, however, output of afalling edge will cause an
interrupt.
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/

IRQ1 or IRQO input

t

IRQ1, IRQo

Read/
Write

P7DR

Internal data bus

S

Figure 10-47 IRQq or IRQq Input Combined with General-Purpose Output (Modes 1 to 7)

Table 10-38 Register Read/Write Data

Read Write

P7DR P7DR value Value output at pin

(4) TRQ; or IRQq Input Combined with General-Purpose I nput (P7;, P7y: Modes 1to 7):
Figure 10-48 shows a block diagram illustrating the IRQ; and IRQg input function when
combined with general-purpose input. Table 10-39 indicates register read/write data. \When P7;
and P7; are used for IRQ; and IRQ, input they can also be read as general-purpose input ports, to
monitor the input level at IRQ; or IRQ,.

[ ~—
IRQ1 or IRQO input
(2]
>
}i Read ?—
< [ IR IR
ks Q1, IRQq
g
5| Write
£ > P7DR

\

Figure 10-48 IRQq or IRQq Input Combined with General-Purpose Input (Modes 1 to 7)

Table 10-39 Register Read/Write Data

Read Write

P7DR Pin value Don'’t care
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(5) TXD, and TXD4 Output (P74 and P7,: Modes 1 to 7): Figure 10-49 shows a block diagram
illustrating the TXD, and TXD1 output function. Table 10-40 indicates register read/write data.
When P7, and P7, are used for TXD, and TXD; output, the value written in P7DR is ignored, but
P7DR can be read to monitor the levels at the TXD, and TXD4 pins.

~—
Transmit data output
[%)]
>
'g Read |—>
< [ TXD2, TXDq
©
g
5 | Write
£ = P7DR

Figure10-49 TXD, and TXD4 Output (Modes1to7)

Table 10-40 Register Read/Write Data

Read Write
P7DR Pin value Don't care

(6) RXD5, and RXD4 Input (P75 and P73 Modes 1 to 7): Figure 10-50 shows a block diagram
illustrating the RXD, and RXD1 input function. Table 10-41 indicates register read/write data.
When P75 and P73 are used for RXD, and RXD; input, the value written in P7DR isignored, but
P7DR can be read to monitor the levels at the RXD, and RXD; pins (to detect the line break state,
for example).

[ ~—
Receive data input
2]
>
'g Read ?—
T |- RXD,, RXD1
©
g
5| Write
IS > P7DR

Figure10-50 RXD, and RXD Input (Modes 1 to 7)
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Table 10-41 Register Read/Write Data

Read Write

P7DR Pin value Don't care

(7) SCK,and SCK; Pins(P7; and P75 Modes 1 to 7): Figure 10-51 shows ablock diagram
illustrating the SCK, and SCK 4 input/output function. Table 10-42 indicates register read/write
data. When P7; and P74 are used for SCK, and SCK; input or output, the value written in P7TDR
isignored, but P7DR can be read to monitor the levels at the SCK, and SCK 4 pins.

M Serial clock input
or output
2]
>
‘g Read t—»
T | SCKj, SCK;
©
g
5| Write
15 = P7DR

\

Figure 10-51 SCK, and SCK, Pins(Modes1to 7)

Table 10-42 Register Read/Write Data

Read Write

P7DR Pin value Don't care
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(8) PW5 and PW, Output (P77 and P75: Modes 1 to 7, H8/539 Only): Figure 10-52 shows a
block diagram illustrating the PWM output function. Table 10-43 indicates register read/write
data. When P7; and P7g function as PW, and PW, data written in the port 7 data register (P7DR)
is not output at the pins, but P7DR can be read to monitor the levels of the PW, and PW pins.

B PWM output
. L
'g Read
g PW,, PW,
g
5| Write
€ P7DR

\

Figure 10-52 PW, and PW, Output (Modes 1 to 7)

Table 10-43 Register Read/Write Data

Read Write

P7DR Pin value Don'’t care
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10.9 Port 8

10.9.1 Overview

Port 8 isafour-bit input port that is multiplexed with analog input pins of the A/D converter.

Figure 10-53 summarizes the pin functions.

Port 8

P83/AN1; (input)
P82/AN1q (input)
P81/ANg (input)
P8y/ANg (input)

Figure 10-53 Port 8 Pin Functions

10.9.2 Register Descriptions

Table 10-44 summarizes the registers of port 8. Since port 8 isused only for input, thereis no

data direction register.
Table 10-44 Port 8 Registers

Address Name

Abbreviation R/W Initial Value

H'FE8F Port 8 data register

P8DR R —

(1) Port 8 Data Register: The port 8 data register (P8DR) is an eight-bit register that indicates

the values of pins P83 to P8,

Bit 7 6 5 4 3 2 1 0
- - | — — | pss | pPs; | P8 | Ps |

Initial value 1 1 1 1 — — _ _

RIW _ — — — R R R R
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P8DR is aread-only register. It cannot be written. The upper four bits of PBDR are reserved bits
that always return the value 1 when read.

10.9.3 Port 8 Read Operation
Figure 10-54 shows a block diagram of port 8.

While being used for analog input, port 8 can also function as a general -purpose input port. When
read, P8DR returns the values at the pins. If PBDR is read when the A/D converter is sampling an
analog input, however, the pin being sampled isread as 1.

/

ANj1 to ANg input

Read
P83;-P8g

Internal data bus

Figure10-54 Analog Input and General-Purpose Input (Modes1to 7)
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10.10 Port 9
10.10.1 Overview

Port 9 isan eight-bit input port that is multiplexed with analog input pins of the A/D converter.
Figure 10-55 summarizes the pin functions.

~—— P97/AN7 (input)
~—— P9s/ANg (input)
~—— P95/ANs (input)
~—— P94/AN4 (input)
~—— P93/AN3 (input)
~—— P9,/AN, (input)

Port 9

~—— P9;/AN; (input)
~—— P9g/ANp (input)

Figure10-55 Port 9 Pin Functions
10.10.2 Register Descriptions

Table 10-45 summarizes the registers of port 9. Since port 9 isused only for input, thereis no
data direction register.

Table 10-45 Port 9 Registers

Address Name Abbreviation R/W Initial Value

H'FE92 Port 9 data register PO9DR R —

(1) Port 9 Data Register: The port 9 data register (PODR) is an eight-bit register that indicates
the values of pins P9; to P9y,

Bit 7 6 5 4 3 2 1 0
| Po; | Pos | Pos | P9, | Po; | P9, | Py | P9y |

Initial value — — — — — — — —

RIW R R R R R R R R

PODR is aread-only register. It cannot be written.
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10.10.3 Port 9 Read Operation
Figure 10-56 shows a block diagram of port 9.

While being used for analog input, port 9 can also function as a general -purpose input port. When
read, PODR returns the values at the pins. If PODR is read when the A/D converter is sampling an
analog input, however, the pin being sampled isread as 1.

/

AN7 to ANg input

Read
P97,-P9q

Internal data bus

Figure 10-56 Analog Input and General-Purpose Input (Modes1to 7)
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10.11 Port A
10.11.1 Overview

Port A is aseven-bit input/output port that is multiplexed with output compare pins (T50C,,4,
T40C,q, T30C,y) of the 16-bit integrated-timer pulse unit (IPU), pins for the BREQ, BACK,
and WAIT signals, PWM timer output pins (PWy53), Serial communication interface 3 input and
output pins (TXD3, RXD3, SCK3), and the page address bus (A9 to Ag). Figure 10-57 (a) and
(b) summarizes the pin functions. Pinsin port A can drive one TTL load and a 90-pF capacitive
load. They can also drive a Darlington transistor pair.

In the H8/538, port A does not have PWM timer output and serial communication input/output
functions.

PAg (input/output)/T30C; (output)/BACK (output)
PAs (input/output)/T30C7 (output)/BREQ (input)
PA4 (input/output)/WAIT (input)

-~
>
l—

Port A [=— PAg3 (input/output)/TSOC; (output)/A19 (output)
—
-~
-~

PA; (input/output)/T50C (output)/A;g (output)
PA;1 (input/output)/T40C> (output)/Ay7 (output)
PAg (input/output)/T40C; (output)/Ase (Output)

Figure 10-57 (a) Port A Pin Functions (H8/538)

PAg (input/output)/T30C (output)/BACK (output)/TXDs3 (output)
PAs (input/output)/T30C; (output)/BREQ (input)/RXD3 (output)
PA4 (input/output)/WAIT (input)

PA3 (input/output)/T50C, (output)/A1g (output)/SCKj5 (input/output)
PA; (input/output)/T50C; (output)/A1g (output)/PW3 (output)

PA; (input/output)/T40C; (output)/A;7 (output)/PW, (output)

PA (input/output)/T40C; (output)/Ass (output)/PW; (output)

Port A

RERERE

Figure 10-57 (b) Port A Pin Functions (H8/539)
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Figure 10-58 shows examples of output loads for port A.

] HD7404 etc. ] Darlington pair
[H{>o— ] glonp
PortA 1 Hp7aLs04 etc. Port A
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure10-58 Examplesof Port A Output L oads
10.11.2 Register Descriptions
Table 10-46 summarizes the registers of port A.

Table 10-46 Port A Registers

Address Name Abbreviation R/W Initial Value
H'FE91 Port A data direction register PADDR W H'80
H'FE93 Port A data register PADR R/W H'80
H'FEDA Port A control register* PACR R/W H'90

Note: * PACR is not present in the H8/538.

(1) Port A Data Direction Register: The port A datadirection register (PADDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| — \ PAGDDR \ PAsDDR \ PA,DDR \ PA3DDR \ PA,DDR \ PA;DDR \ PADDR |

Initial value 1 0 0 0 0 0 0 0
R/W — W w " w w w w

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thishit is cleared to 0. PADDR isawrite-only register. All bits always return the value 1
when read.

225



PADDR isinitialized to H'80 by areset and in hardware standby mode. PADDR isnot initialized
in software standby mode.

(2) Port A Data Register: The port A dataregister (PADR) is an eight-bit register that stores data
for pins PAg to PA.

Bit 7 6 5 4 3 2 1 0

| — \ PA \ PAs \ PA, \ PA; \ PA, \ PA; \ PA |
Initial value 1 0 0 0 0 0 0 0
RIW — RIW RIW RIW RIW RIW RIW RIW

When abitin PADDR is set to 1, the corresponding PADR bit valueis output at the corresponding
pin. If port A isread the value in PADR isreturned, regardless of the actua state of the pin.

When abitin PADDR iscleared to O, it is possible to write to the corresponding PADR hit but the
value is not output at the pin. If PADR isread the value at the pin is returned, regardless of the
value written in PADR.

PADR isinitialized to H'80 by areset and in hardware standby mode. PADR isnot initialized in
software standby mode.

(3) Port A Control Register: The port A control register (PACR) is an eight-bit register that
controls the functions of pin PAg to PAg. PACR is present only in the H8/539. It is not present in
the H8/538.

Bit 7 6 5 4 3 2 1 0

| — ‘ TXD3E ‘ RXD3E ‘ — ‘ SCK3E ‘ PW3E ‘ PW2E ‘ PWI1E |
Initial value 1 0 0 1 0 0 0 0
R/W R R/W R/W R R/W R/W R/W R/W

Bits 6, 5, and 3—T XDz Enable, RXD3 Enable, and SCK 3 Enable (TXD3E, RXD3E,
SCK3E): These hits control the TXD3, RXD3, and SCK 5 functions of pins
PAg/T30C,/BACK/TXD3, PA5/T30C,/BREQ/RXD3, and PA3/T50C,/A1g/SCK 3 in port A.
When bits TXD3E, RXD3E, and SCK3E are set to 1, pins PAg, PAg, and PA3 can be used for
TXD3 output, RXDs input, and SCK 3 input or output.

Bits 2to 0—PW3 Enable, PW, Enable, and PW Enable, (PW3E, PW2E, PW1E): These bits
control the PW,1 functions of pins PAS/T50C,/A 1g/PW3, PA/T40C,/A 17/PW,, and
PA/T40C,/A1¢/PW, in port A. When bits PW3E, PW2E, and PW1E are set to 1, these pins can
be used for PW5 output, PW, output, and PW; output.
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10.11.3 Pin Functionsin Each Mode

Port A has different functionsin different operating modes. A description for each mode is given
next.

The serial communication interface 3 input/output pin functions (SCK3, TXD3, RXD3) and PWM
output pin functions (PW5, PW,, PW) are unavailable in the H8/538. The H8/538 does not have
PACR.

(1) Pin Functionsin Modes 1, 2, and 6: Port A can be used for the output-compare function
(T30Cy1, TAOCyq, T50C,,4) of the 16-bit integrated-timer pulse unit (IPU), bus control (BREQ
and BACK), serial communication interface 3 input and output (SCK3, TXD3, RXD3), PWM
timer output (PW3, PW,, PW,), wait signal input (WAIT), and general-purpose output.

When apin isused for output compare, bus control, serial communication interface 3 input or
output, PWM timer output, or wait signal input, the PADDR setting isignored.

The priority of pin functions for PAg/T30C,/BREQ/RXD3 and PAg/T30C,/BACK/TXD3iis:
Bus control > TXD3, RXD3 > output compare > general-purpose output

The TXD3 and RXD5 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

The priority of pin functions for PA3/T50C,/SCK 3, PA,/T50C,/PW3, PA1/T40C,/PW,, and
PAG/T40C,/PW, is:

SCK 3, PW3/51 > output compare > general-purpose output

The SCK 3, PW3, PW,, and PW pin functions are available when bits SCK3E, PW3E, PW2E, and
PW1E, respectively, are set to 1 in PACR. When these bits are set to 1, the corresponding pins
cannot be used as output compare pins.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-59 shows the functions of port A in modes 1, 2, and 6.
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~—> PAG/T30C,/BACK/TXD4
l=—> PA5/T30C1/BREQ/RXD5
l— PAJWAIT

Port A [=— PA3/T50C,/SCK3
=— PA,/T50C/PW;

=— PA1/TA0C,/PW,

=— PA/T40C,/PW;

Figure10-59 Port A Pin Functionsin Modes 1, 2, and 6 (H8/539)

(2) Pin Functionsin Modes 3 and 5: Port A has pins that can be used for the output compare
function (T30C,,) of the 16-hit integrated-timer pulse unit (IPU), bus control (BREQ and
BACK), serial communication interface 3 input and output (TXD3, RXD3), wait signal input
(WAIT), or general-purpose input or output, and pins that are used for page address output (Aqg to
A46). When apin is used for output compare, bus control, serial communication input/output, or
wait signal input, the PADDR setting isignored.

The priority of pin functions for PAg/T30C;/BREQ/RXD3 and PAg/T30C,/BACK/TXD3 is:
TXD3, RXD3 > bus control > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-60 shows the functions of port A in modes 3 and 5.
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~— PAg/T30C,/BACK/TXDg
~—= PA5/T30C1/BREQ/RXD3
~— PA4/WAIT

Port A — A9 (page address bus)
— Aig (page address bus)
— A7 (page address bus)

— A1 (page address bus)

Figure10-60 Port A Pin Functionsin Modes 3 and 5 (H8/539)

(3) Pin Functionsin Mode 4: Port A has pins that can be used for the output compare function
(T30C,y) of the 16-bit integrated-timer pulse unit (1PU), bus control (BREQ and BACK), serid
communication interface 3 input and output (SCK 3, TXD3, RXD3), PWM timer output (PW1,
PW,, PW3), wait signal input (WAIT), page address output (A1 to A4g), and general-purpose
input or output. When apin is used for output compare, bus control, serial communication
input/output, PWM timer output, or wait signal input, the PADDR setting is ignored.

The priority of pin functions for PA5/T30C/BREQ/RXD3 and PAg/T30C,/BACK/TXD3iis:
Bus control > TXD3, RXDg > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

The priority of pin functions for PA3/A 1¢/SCK 3, PA/A1g/PW3, PA1/A17/PW5, and PAG/A 15/PW,
is:

SCK 3, PW3,5;1 > address bus > general -purpose input

The SCK3, PW3, PW,, and PW, functions of pins PA3 to PA( are available when bits SCK3E,
PW3E, PW2E, and PW1E are set to 1 in the port A control register (PACR). When these bits are
set to 1, the corresponding pins cannot be used for page address output. When bits SCK 3E,
PW3E, PW2E, and PW1E are cleared to 0 in PACR, these pins are used for page address output if
the corresponding PADDR hit is set to 1, and for general-purpose input if the corresponding
PADDR bhit iscleared to 0.
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For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-61 shows the functions of port A in mode 4.

~—= PAg/T30C,/BACK/TXD3

~— PA5/T30C1/BREQ/RXD4

~— PA,WAIT

Port A [=— PAg (input)/A19 (page address bus)/SCK3
~— PA; (input)/A1g (page address bus)/PWy
~— PA (input)/A17 (page address bus)/PW,
~— PA( (input)/A1s (page address bus)/PW,

Figure10-61 Port A Pin Functionsin Mode 4 (H8/539)

(4) Pin Functionsin Mode 7: Port A can be used for the output compare function (T30Cyq,
T40C,q, TSOC,y) of the 16-bit integrated-timer pulse unit (IPU), serial communication interface
3input and output (SCK 3, TXD3, RXD3), PWM timer output (PW,, PW,, PW3), and general-
purpose input or output. When apinis used for serial communication interface 3 input or output,
PWM timer output, or output compare, the PADDR setting isignored.

The priority of pin functions for PAg/T30C,/TXD3 and PA5/T30C/RXD3 is:
TXD3, RXD3 > output compare > general -purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

The priority of pin functions for PA3/T5OC,/SCK 3, PAS/T50C/PW3, PA1/T40C,/PW,, and
PA(/T40C,/PW, is:

SCK 3, PW3,5/1 > output compare > general-purpose input

The SCK 3, PW3, PW,, and PW pin functions are available when bits SCK3E, PW3E, PW2E, and
PW.E, respectively, are set to 1 in PACR. When these bits are set to 1, these pins cannot be used
as output compare pins.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”
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Figure 10-62 shows the functions of port A in mode 7.

~— PAg/T30C,/TXD;
~—> PAs/T30C,/RXD3
-~ PA,

Port A —= PA3/T50C,/SCK3
= PA,/T50C,/PW5
= PA1/T40C,/PW,
= PA(/T40C,/PW;

Figure10-62 Port A Pin Functionsin Mode 7 (H8/539)
10.11.4 Port A Read/Write Operations

PADR and PADDR have different read/write functions depending on whether port A is used for
bus control (BREQ, BACK), wait signal input (WAIT), the output compare function (T50C,4,
T40C,,, T30C,;) of the 16-bit integrated-timer pulse unit (IPU), serial communication interface
3input or output (SCK 3, TXD3, RXDj3), or general-purpose input or output. The operating states
and functions of port A are described next.

(1) Input Port (PAgtoPA4in Modes1to 7; PAgto PAgin Modes, 2, 4, 6, and 7): Figure 10-
63 shows a block diagram illustrating the general-purpose input function. Table 10-47 indicates
register read/write data. Values written in the port A data register (PADR) have no effect on
general-purpose input lines. When read, PADR returns the value at the pin.

~—

%)

a

o Read

T PAs—PAg
©

E

5| Write

£ = PADR

\

Figure 10-63 Input Port (Modes1to7)
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Table 10-47 Register Read/Write Data

Read Write

PADR Pin value Don't care

(2) Output Port (PAgto PA,in Modes1to7; PAgto PAgin Modes 1, 2, 6, and 7): Figure
10-64 shows a block diagram illustrating the genera -purpose output function. Table 10-48
indicates register read/write data. The value written in the port A dataregister (PADR) is output at
the pin. When read, PADR returns the value written in PADR.

—~—,

PAs—PAg

Read/
Write

PADR

Internal data bus

—

Figure 10-64 Output Port (Modes1to 7)

Table 10-48 Register Read/Write Data

Read Write

PADR PADR value Value output at pin

(3) BREQ Pin (PA5: Modes 1 to 6): Figure 10-65 shows a block diagram illustrating the BREQ
function. Table 10-49 indicates register read/write data. When PAg isused for BREQ input, the
value written in the port A dataregister (PADR) has no effect.

~—
BREQ input
[%2]
=}
}?5 Read ?—
© BREQ
©
g
5 | Write
£ PADR

Figure10-65 BREQ Input Pin (Modes1to 6)
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Table 10-49 Register Read/Write Data

Read Write
PADR Pin value Don’t care

(4) BACK Pin (PAg: Modes 1to 6): Figure 10-66 shows ablock diagram illustrating the BACK
function. Table 10-50 indicates register read/write data. When PAgisused for BACK output, the
value written in the port A dataregister (PADR) has no effect.

~—
BACK output
(2]
=}
ﬁ Read |—> -
< BACK
©
E
5 | Write
£ = PADR

Figure10-66 BACK Output Pin (Modes 1to 6)

Table10-50 Register Read/Write Data

Read Write

PADR Pin value Don'’t care
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(5) WAIT Pin (PA,: Modes 1 to 6): Figure 10-67 shows a block diagram illustrating the WAIT
function. Table 10-51 indicates register read/write data. When PAg is used for WAIT input, the
value written in the port A dataregister (PADR) has no effect.

M ~—
WAIT input
(2]
>
ﬁ Read t—
<[ WAIT
©
g
5| Write
£ > PADR

S

Figure10-67 WAIT Input Pin (Modes 1 to 6)

Table 10-51 Register Read/Write Data

Read Write

PADR Pin value Don’t care

(6) Timer Output Pins (PAg, PA5, PAgto PAg: Modes 1to 7): Figure 10-68 shows a block
diagram illustrating the timer output function. Table 10-52 indicates register read/write data.
When PAg, PAg, and PA3 to PAg are used for T30C,, T30C,, T50C,, T50C,, T40C,, and
T40C, output, values written in the port A data register (PADR) have no effect on the timer
output. PADR can be read to monitor the timer output level (T30C,, T30C4, T50C,, T50C,,
T40C,, T40C,).

~—
Timer output
(2]
]
ﬁ Read |—>
T T3OC2’ 1
©
g
5 Write T50C;, 2
€ PADR T40Cq, 2

Figure 10-68 Output Compare Pins (Modes1to 7)
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Table 10-52 Register Read/Write Data

Read Write

PADR Pin value Don'’t care

(7) Page Address Bus (PA3to PAg: Modes 3 to 5): Figure 10-69 shows a block diagram
illustrating the page-address-bus function. Table 10-53 indicates register read/write data. When
PA5 to PAg are used for A9 to A Output, values written in the port A data register (PADR) have
no effect. When read, PADR returns the value written in PADR.

~—

" Page address

>

- L~ A1rg-A1s
o

©

©

g Read/

=] Write

= |- = PADR

Figure10-69 Page Address Bus (Modes 3to5)

Table 10-53 Register Read/Write Data

Read Write

PADR PADR value Don’t care
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(8) TXD3Output (PAg: Modes 1, 2, 4, 6, and 7) (H8/539 Only): Figure 10-70 shows a block
diagram illustrating the TX D3 output function. Table 10-54 indicates register read/write data.
When PAg is used for TXD3 output, the value written in PADR is ignored, but PADR can be read
to monitor the level at the TXD3 pin.

Transmit data

output
R L
a Read
28 |« TXDs
8
«
©
g
Py Write
€ > PADR

\

Figure10-70 TXD3z Output (Modes 1, 2, 4, 6, and 7)

Table10-54 Register Read/Write Data

Read Write

PADR Pin value Don'’t care

(9) RXD3Input (PAs: Modes1, 2, 4, 6, and 7) (H8/539 Only): Figure 10-71 shows a block
diagram illustrating the RXD5 input function. Table 10-55 indicates register read/write data. When
PA5 is used for RXDj3 input, the value written in PADR isignored, but PADR can be read to
monitor the level at the RXD3 pin.

Receive data
input

Read L

- RXDs

/

Write
> PADR

Internal data bus

S

Figure10-71 RXDj3lInput (Modes 1, 2, 4, 6, and 7)
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Table 10-55 Register Read/Write Data

Read Write

PADR Pin value Don't care

(10) SCK3Pin (PA3: Modes1, 2, 4, 6, and 7) (H8/539 Only): Figure 10-72 shows a block
diagram illustrating the SCK 5 input/output function. Table 10-56 indicates register read/write data.
When PA3 is used for SCK 5 input or output, the value written in PADR is ignored, but PADR can
be read to monitor the level at the SCK3 pin.

Serial clock input

or output
N T—>
a Read
QO |- SCK3
©
IS
e]
=
5 Write
E ~| PADR

S

Figure 10-72 SCK3Pins(Modes1, 2, 4,6, and 7)

Table 10-56 Register Read/Write Data

Read Write

PADR Pin value Don't care
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10.12 Port B
10.12.1 Overview
Port B is an-eight-bit input/output port. Figure 10-73 summarizes the pin functions.

Port B is an address bus (A5 to Ag) inmodes 1, 3, 5, and 6. In modes 2 and 4 port B can be used
for address output (A 15 to Ag) or general-purpose input. In mode 7 port B is a general-purpose
input/output port.

Pinsin port B can driveone TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair. They have software-programmable built-in pull-up transistors.

~— PB; (input/output)/A;5 (output)
l~— PBg (input/output)/A;4 (Output)
~— PBs (input/output)/A,3 (0utput)
~— PB, (input/output)/A;, (Output)
PortB l«— PBj; (input/output)/A;; (output)
<— PB, (input/output)/Ao (output)
<— PB; (input/output)/Ag (Output)

—s PBg (input/output)/Ag (output)

Figure 10-73 Port B Pin Functions

Figure 10-74 shows examples of output loads for port B.

——— | HD7404efc —
' Darlington pair
Ho— ]
PortB 1 1p741s04 etc. PortB
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-74 Examplesof Port B Output L oads
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10.12.2 Register Descriptions
Table 10-57 summarizes the registers of port B.

Table 10-57 Port B Registers

Address  Name Abbreviation R/W Initial Value
H'FE94 Port B data direction register PBDDR W H'00
H'FE96 Port B data register PBDR R/W H'00
H'FE98 Port B pull-up transistor control register PBPCR R/W H'00

(1) Port B Data Direction Register: The port B data direction register (PBDDR) is an-eight-bit
register. Each hit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PB/DDR | PBGDDR | PBSDDR | PB4DDR | PBsDDR | PB,DDR | PB1DDR | PBGDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W w W W W W W

A pinin port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input
pinif thishit iscleared to 0. PBDDR isawrite-only register. All bits always return the value 1
when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. PBDDR is not initialized
in software standby mode.

(2) Port B Data Register: The port B dataregister (PBDR) is an-eight-bit register that stores data
for pins PB7 to PBy,

Bit 7 6 5 4 3 2 1 0

| PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB; ‘ PBg |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When abit in PBDDR is set to 1, the corresponding PBDR bit value is output at the corresponding
pin. If port B isread the value in PBDR isreturned, regardless of the actual state of the pin.

When abit in PBDDR iscleared to 0, it is possible to write to the corresponding PBDR bit but the
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valueis not output at the pin. If PBDR is read the value at the pin is returned, regardless of the
value written in PBDR.

PBDR isinitialized to H'00 by areset and in hardware standby mode. PBDR isnot initialized in
software standby mode.

(3) Port B Pull-Up Transistor Control Register: The port B pull-up transistor control register
(PBPCR) is an-eight-hit register that turns the MOS pull-up transistors of PB- to PB on and off.
PBPCR isignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PB;PON | PBGPON | PBSPON | PB4PON | PBSPON | PB,PON | PB1PON | PBGPON |

Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When aPBDDR hit iscleared to O, if the corresponding PBPCR bit is set to 1, the built-in pull-up
transistor isturned on.

PBPCR isinitialized to H'00 by areset and in hardware standby mode. PBPCR is not initialized
in software standby mode.

10.12.3 Pin Functionsin Each Mode

Port B has one set of functionsin modes 1, 3, 5, and 6, another set of functions in modes 2 and 4,
and another set of functionsin mode 7. A description for each mode group is given next.

(1) Pin Functionsin Modes1, 3, 5, and 6: Port B is used for address output (A5 to Ag). The
PBDDR settings areignored. Figure 10-75 shows the pin functionsin modes 1, 3, 5, and 6.
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— Aj5 (address bus)
— A4 (address bus)
— Aj3 (address bus)
— A, (address bus)
Port B
— Aj1 (address bus)
— Ao (address bus)

— Ag (address bus)

— Ag (address bus)

Figure 10-75 Pin Functionsin Modes 1, 3, 5, and 6

(2) Pin Functionsin Modes 2 and 4: Port B can be used for address output (A5 to Ag) or
general-purpose input. A pinisused for address output if the corresponding PBDDR bit is set to
1, and for general-purpose input if thisbit is cleared to 0. Figure 10-76 shows the pin functionsin
modes 2 and 4.

~—> PBy7 (input)/A1s (address bus)
~—> PBg (input)/A14 (address bus)
<— PBs (input)/A13 (address bus)
— PBy, (input)/A1> (address bus)
Port B
~— PBj (input)/A11 (address bus)
~—> PB, (input)/A1 (address bus)
~<~— PB1 (input)/Ag (address bus)

~— PBg (input)/Ag (address bus)

Figure10-76 Pin Functionsin Modes?2 and 4
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(3) Pin Functionsin Maode 7: Port B consists of general-purpose input/output pins. Input or
output can be selected separately for each pin. A pin becomes an output pin if the corresponding
PBDDR hit is set to 1 and an input pin if thisbit iscleared to 0. Figure 10-77 shows the pin
functionsin mode 7.

~—> PBy7 (input/output pin)
~—> PBg (input/output pin)
~—>= PBs (input/output pin)
~— PBy (input/output pin)
PortB ~— PB3 (input/output pin)
~— PB, (input/output pin)
~— PB; (input/output pin)
~— PBy (input/output pin)

Figure10-77 Pin Functionsin Mode 7
10.12.4 Built-In Pull-Up Transistors

Port B has built-in MOS pull-up transistors that can be controlled by software. To turn an input
pull-up transistor on, clear its PBDDR bit to 0 and set its PBPCR hit to 1. The input pull-up
transistors are turned off by areset and in hardware standby mode. Table 10-58 summarizes the
states of the input pull-ups in each mode.

Table10-58 Pull-Up Transistor Statesin Each Mode

Hardware Other Modes (including
Mode Reset Standby Mode software standby mode)
1-6 Off Off Off
7 On/Off
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10.12.5 Port B Read/Write Operations

PBDR and PBDDR have different read/write functions depending on whether port B is used for
address output (A 45 to Ag) or general-purpose input or output. The operating states and functions
of port B are described next.

(1) Input Port (All Pins: Modes 2 and 4): Figure 10-78 shows a block diagram illustrating the
general-purpose input function. Table 10-59 indicates register read/write data. Valueswritten in
the port B data register (PBDR) have no effect on general-purpose input lines. When read, PBDR
returns the value at the pin.

)

Read
- PB7—PBo

Write

Internal data bus

= PBDR

S

Figure 10-78 Input Port (Modes 2 and 4)

Table10-59 Register Read/Write Data

Read Write

PBDR Pin value Don't care

(2) Input Port with Internal Pull-Up (All Pins: Mode 7): Figure 10-79 shows ablock diagram
illustrating the general-purpose input function and built-in input pull-up transistors. Table 10-60
indicates register read/write data. Values written in the port B data register (PBDR) have no effect
on general-purpose input lines. When read, PBDR returns the value at the pin. When abitin the
port B pull-up transistor control register (PBPCR) is set to 1, the corresponding PBDR bit always
reads 1.
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Write
PBPCR

\

Read
- | PB/—PBg

Internal data bus

Write

= PBDR

Figure 10-79 Input Port with Built-In Pull-Up Transistors (Mode 7)

Table 10-60 Register Read/Write Data

Read Write
PBDR Pin value, or always 1* Don't care
PBPCR PBPCR value o/1*

Note: * If set to 1, the corresponding PBDR bit always reads 1.

(3) Output Port (All Pins: Mode 7): Figure 10-80 shows a block diagram illustrating the
general-purpose output function. Table 10-61 indicates register read/write data. The value written
in the port B dataregister (PBDR) is output at the pin. When read, PBDR returns the value
written in PBDR.

o~

(2]

>

0

«

T PB7—PBg
©

< | Read/

S| Write

E = PBDR

S

Figure 10-80 Output Port (Mode 7)
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Table 10-61 Register Read/Write Data

Read Write

PBDR PBDR value Value output at pin

(4) AddressBus (All Pins: Modes 1 to 6): Figure 10-81 shows a block diagram illustrating the
address-bus function. Table 10-62 indicates register read/write data. When port B isused as an
address bus, values written in the port B data register (PBDR) have no effect on the bus lines.
When read, PBDR returns the value written in PBDR.

~—

" Address

>

o L. A1s-Ag
<

©

©

% Read/

< Write

= | ~| PBDR

Figure10-81 AddressBus(Modes1to 6)
Table10-62 Register Read/Write Data

Read Write

PBDR PBDR value Don't care
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10.13 Port C

10.13.1 Overview

Port C is an-eight-bit input/output port. Figure 10-82 summarizes the pin functions.

Port Cis an address bus (A7 to Ag) inmodes 1, 3, 5, and 6. In modes 2 and 4 port C can be used
for address output (A7 to Ag) or general-purpose input. In mode 7 port C is a general-purpose

input/output port.

Pinsin port C can driveone TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair. They have software-programmable built-in pull-up transistors.

Port C

|
[
[
[ —
|—

|
|

|

PC- (input/output)/A; (output)
PCg (input/output)/Ag (output)
PCs (input/output)/As (output)
PC, (input/output)/A, (output)
PC; (input/output)/Az (output)
PC, (input/output)/A, (output)
PC; (input/output)/A; (output)
PCy (input/output)/Aq (output)

Figure10-82 Port C Pin Functions

Figure 10-83 shows examples of output loads for port C.

\/\

Port C

(1) One TTL load or four LS-TTL loads

HD7404 etc. —
—Do—
1 HD74L504 etc. Port C
\/\

Darlington pair

(2) Darlington transistor pair

Figure 10-83 Examplesof Port C Output L oads
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10.13.2 Register Descriptions
Table 10-63 summarizes the registers of port C.

Table 10-63 Port C Registers

Address Name Abbreviation R/W Initial Value
H'FE95 Port C data direction register PCDDR w H'00
H'FE97 Port C data register PCDR R/W H'00
H'FE99 Port C pull-up transistor control register PCPCR R/W H'00

(1) Port C Data Direction Register: The port C data direction register (PCDDR) is an-eight-hit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PC7,DDR ‘ PCeDDR ‘ PCsDDR ‘ PC4DDR ‘ PC3DDR ‘ PC,DDR ‘ PC,DDR ‘ PCoDDR |

Initial value 0 0 0 0 0 0 0 0
R/W w W w W w W " W

A pinin port C becomes an output pin if the corresponding PCDDR bit is set to 1, and an input
pinif thisbit is cleared to 0. PCDDR isawrite-only register. All bits always return the value 1
when read.

PCDDR isinitialized to H'00 by areset and in hardware standby mode. PCDDR is not initialized
in software standby mode.

(2) Port C Data Register: The port C dataregister (PCDR) is an-eight-bit register that stores
data for pins PC; to PCy,.

Bit 7 6 5 4 3 2 1 0
| pc; | pcs | Pcs | Pc, | Pcs | P, | P | PCy |

Initial value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in PCDDR is set to 1, the corresponding PCDR bit valueis output at the corresponding
pin. If port Cisread the valuein PCDR isreturned, regardless of the actual state of the pin.

When abit in PCDDR is cleared to 0, it is possible to write to the corresponding PCDR hit but the
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valueis not output at the pin. If PCDR is read the value at the pin is returned, regardless of the
value written in PCDR.

PCDR isinitialized to H'00 by areset and in hardware standby mode. PCDR isnot initialized in
software standby mode.

(3) Port C Pull-Up Transistor Control Register: The port C pull-up transistor control register
(PCPCR) is an-eight-hit register that turns the MOS pull-up transistors of PC; to PC on and off.
PCPCR isignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PC7PON ‘ PCsPON ‘ PCsPON ‘ PC4PON ‘ PC3PON ‘ PC,PON ‘ PC1PON ‘ PCoPON |

Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When a PCDDR hit iscleared to 0, if the corresponding PCPCR bit is set to 1, the built-in pull-up
transistor is turned on.

PCPCR isinitialized to H'00 by areset and in hardware standby mode. PCPCR is not initialized
in software standby mode.

10.13.3 Pin Functionsin Each Mode

Port C has one set of functionsin modes 1, 3, 5, and 6, another set of functions in modes 2 and 4,
and another set of functionsin mode 7. A description for each mode group is given next.

(1) Pin Functionsin Modes1, 3, 5, and 6: Port C is used for address output (A7 to Ag). The
PCDDR settings areignored. Figure 10-84 shows the pin functionsin modes 1, 3, 5, and 6.
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— A7 (address bus)
— Ag (address bus)
— As (address bus)
— A4 (address bus)
Port C
— Ags (address bus)
— A, (address bus)

— A1 (address bus)

— Ao (address bus)

Figure 10-84 Pin Functionsin Modes 1, 3, 5, and 6

(2) Pin Functionsin Modes 2 and 4: Port C can be used for address output (A7 to Ag) or
general-purpose input. A pinisused for address output if the corresponding PCDDR bit is set to
1, and for general-purpose input if thisbit is cleared to 0. Figure 10-85 shows the pin functionsin
modes 2 and 4.

~—= PCy7 (input)/A7 (address bus)
[<+— PCg (input)/Ag (address bus)
[<— PC;5 (input)/As (address bus)
[— PC,4 (input)/A4 (address bus)
Port C
~— PCj3 (input)/A3 (address bus)
~<— PC, (input)/A, (address bus)
~<=— PC; (input)/A; (address bus)

~— PC (input)/Ag (address bus)

Figure 10-85 Pin Functionsin Modes?2 and 4
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(3) Pin Functionsin Maode 7: Port C consists of general-purpose input/output pins. Input or
output can be selected separately for each pin. A pin becomes an output pin if the corresponding
PCDDR hit is set to 1 and an input pin if thisbit is cleared to 0. Figure 10-86 shows the pin
functionsin mode 7.

~—> PCy (input/output pin)
~— PCg (input/output pin)
~—= PCs (input/output pin)
~—> PC,4 (input/output pin)
Port C
~—> PC3 (input/output pin)
~—> PC, (input/output pin)
~— PC; (input/output pin)

~— PCy (input/output pin)

Figure10-86 Pin Functionsin Mode 7
10.13.4 Built-In MOS Pull-Up Transistors

Port C has built-in MOS pull-up transistors that can be controlled by software. To turn an input
pull-up transistor on, clear its PCDDR bit to 0 and set its PCPCR bit to 1. The input pull-up
transistors are turned off by areset and in hardware standby mode. Table 10-64 summarizes the
states of the input pull-ups in each mode.

Table 10-64 Pull-Up Transistor Statesin Each Mode

Hardware Other Modes (including
Mode Reset Standby Mode software standby mode)
1-6 Off Off Off
7 On/Off
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10.13.5 Port C Read/Write Operations

PCDR and PCDDR have different read/write functions depending on whether port C is used for
address output (A to Ag) or general-purpose input or output. The operating states and functions
of port C are described next.

(1) Input Port (All Pins: Modes 2 and 4): Figure 10-87 shows a block diagram illustrating the
general-purpose input function. Table 10-65 indicates register read/write data. Values written in
the port C data register (PCDR) have no effect on general-purpose input lines. When read, PCDR
returns the value at the pin.

~—

2]

a

p Read

T - PC7-PCq
©

E

5| Write

£ » PCDR

S

Figure 10-87 Input Port (Modes 2 and 4)

Table 10-65 Register Read/Write Data

Read Write

PCDR Pin value Don't care

(2) Input Port with Internal Pull-Up (All Pins: Mode 7): Figure 10-88 shows ablock diagram
illustrating the general-purpose input function of port C using the built-in input pull-up transistors.
Table 10-66 indicates register read/write data. Values written in the port C dataregister (PCDR)
have no effect on general-purpose input lines. When read, PCDR returns the value at the pin.
When abit in the port C pull-up transistor control register (PCPCR) is set to 1, the corresponding
PCDR bit always reads 1.
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Write
» PCPCR

(2]
>
o)
o
< —d
% Read
c PC;—PCq
()
£

Write

PCDR

Figure 10-88 Input Port with Built-In Pull-Up Transistors (Mode 7)

Table 10-66 Register Read/Write Data

Read Write
PCDR Pin value, or always 1* Don't care
PCPCR PCPCR value 0/1*

Note: * If setto 1, the corresponding PCDR bit always reads 1.

(3) Output Port (All Pins: Mode 7): Figure 10-89 shows ablock diagram illustrating the
general-purpose output function. Table 10-67 indicates register read/write data. The value written
in the port C data register (PCDR) is output at the pin. When read, PCDR returns the value
written in PCDR.

_
(%]

35

o]

<

T PC;-PCy
©

=< | Read/

S | write

e » PCDR

\

Figure 10-89 Output Port (Mode7)
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Table 10-67 Register Read/Write Data

Read Write

PCDR PCDR value Value output at pin

(4) AddressBus (All Pins: Modes 1 to 6): Figure 10-90 shows a block diagram illustrating the
address-bus function. Table 10-68 indicates register read/write data. When port C isused as an
address bus, values written in the port C data register (PCDR) have no effect on the bus lines.
When read, PCDR returns the value written in PCDR.

~—
" Address
=}
ﬁ |—> A7—Ao
©
©
©
g Read/
= Write
= PCDR

Figure10-90 AddressBus(Modes1to 6)

Table 10-68 Register Read/Write Data

Read Write

PCDR PCDR value Don'’t care
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10.14 g Pin

10.14.1 Overview

The @ pin outputs the system clock. The g pin can drive one TTL load and a 90-pF capacitive |oad.
10.14.2 Register Description

Table 10-69 summarizes the @ pin control register.

Table10-69 g Pin Registers

Address Name Abbreviation R/W Initial Value

H'FE9A @ control register* oCR R/W H'FF

Note: * @CR is not present in the H8/538.

(1) g Control Register: The g control register (aCR) is an eight-bit register that enables or
disables output of the system clock (2).

Bit 7 6 5 4 3 2 1 0
[ooe - | - | =] =1 =1 =1 =

Initial value 1

R/W R/W R R R R R R R

Bit 7—@ Output Enable (aOE): Enables or disables output of the system clock (). The gOE hit
isinitialized in standby mode. It is not initialized by areset.

The H8/538 does not have a system clock output disable function.

Caution: Do not disable system clock output except in single-chip mode (mode 7). If system
clock (@) output is disabled in an expanded mode (modes 1-6), external datainput and output will
not be performed correctly.

Bit 7

2OE Description

0 System clock (@) output is disabled

1 System clock (o) output is enabled (Initial value)
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Section 11 16-Bit Integrated-Timer Pulse Unit

11.1 Overview

The built-in 16-bit integrated-timer pulse unit (IPU) has seven channels and three types of timers.
The IPU can output 28 independent waveforms, or output 12 waveforms and process 16 pulse
inputs or outputs. It can also provide multi-phase PWM output, automatically measure pulse
widths and periods, count input from a two-phase encoder, and start the A/D converter.

11.1.1 Features

The IPU features are listed below.

e Twelve waveform outputs and sixteen pulse inputs or outputs

e Sixteen registers with software-assignable output compare or input capture functions

*  Twenty-eight independent comparators

Channel Output Compare Registers Output Compare/Input Capture Registers
CH1 4 4
CH2-5 2 2
CH6, 7 — 2

e Selection of sixteen counter clock sources (external clock sources are shared by all channels):

@, 92, 914, 28, a/16, 9132, 064, 2/128, &/256, @/512, @/1024, a/2048, 2/4096, TCLK1,
TCLK2, TCLK3

e |nput capture function

Rising edge, falling edge, or both edges
e Pulse output

One-shot, toggle, or PWM output
e Counter synchronization function

Software can write to two or more timer counters simultaneously. Counters can be cleared
simultaneously by compare match or input capture.
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PWM output mode

One-phase, two-phase, or three-phase PWM output (up to nine-phase PWM output using the
counter synchronization function)

Auto-measure function

Two timer channels can be coordinated for automatic measurement of pulse width or
frequency and for two-phase encoder counting

Thirty-five interrupt sources

16 compare match/input capture interrupts, 12 compare match interrupts, and 7 overflow
interrupts: total 35 sources. The compare match/input capture interrupts and overflow
interrupts are independently vectored. The compare match interrupts have one interrupt vector
per two interrupt sources. The compare match/input capture interrupts and compare match
interrupts can start the data transfer controller (DTC) to transfer data.

11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the IPU.

T1IMI1 to T7IMI2, TICMI1 to
TCLK1-3 ‘ Clock selector ‘ ‘ Interrupt control ‘ — T5CMI2, T1IOVIto T70VI

0-0/4096 (interrupt signals)
T10C,-T50C, = Counter control and pulse L~ ADTRG
T1IOC1-T7I0C, - I/0 control unit -

Py fetitdtd i 4

. _

=2l 2|l 2ll2]l2 ] ellz

5G|| S| S| o||ol|5]||o TMDRA |0

©

- On-chi
TMDRE C) data bLE)S

Bus interface

~L s O
0 000000

Module data bus >

TMDRA: Timer mode register A (8 bits)
TMDRB: Timer mode register B (8 bits)
TSTR: Timer start register (8 bits)

Figure11-1 1PU Block Diagram
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11.1.3 Input/Output Pins
Table 11-1 summarizes the IPU pins.

Table11-1 IPU Pins

Channel Pin Name Input/Output Function
1 T1l0C, Input/Output T1GR1 output compare/input capture pin
(multiplexed with PWM output)
T1I0C, Input/Output T1GR2 output compare/input capture pin
(multiplexed with PWM output)
T10C, Output T1DR1 output compare pin (multiplexed with
PWM output)
T10C, Output T1DR2 output compare pin
T110C, Input/Output T1GR3 output compare/input capture pin
T1I0C, Input/Output T1GR4 output compare/input capture pin
T10C;3 Output T1DRS3 output compare pin
T10C, Output T1DR4 output compare pin
2 T2I10C, Input/Output T2GR1 output compare/input capture pin
(multiplexed with PWM output)
T2I10C, Input/Output T2GR2 output compare/input capture pin
(multiplexed with PWM output)
T20C, Output T2DR1 output compare pin
T20C, Output T2DR2 output compare pin
3 T3l0C, Input/Output T3GR1 output compare/input capture pin
(multiplexed with PWM output)
T3I0C, Input/Output T3GR2 output compare/input capture pin
(multiplexed with PWM output)
T30C, Output T3DR1 output compare pin
T30C, Output T3DR2 output compare pin
4 T410C4 Input/Output T4GR1 output compare/input capture pin
T410C, Input/Output T4GR2 output compare/input capture pin
T40C, Output T4ADR1 output compare pin
T40C, Output T4DR2 output compare pin
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Table11-1 1PU Pins (cont)

Channel Pin Name Input/Output Function
5 T510C, Input/Output T5GR1 output compare/input capture pin
T5I0C, Input/Output T5GR2 output compare/input capture pin
T50C, Output T5DR1 output compare pin
T50C, Output T5DR2 output compare pin
6 T610C, Input/Output T6GR1 output compare/input capture pin
(multiplexed with PWM output)
T610C, Input/Output T6GR2 output compare/input capture pin
7 T710C, Input/Output T7GR1 output compare/input capture pin
(multiplexed with PWM output)
T710C, Input/Output T7GR2 output compare/input capture pin
External TCLK, Input External clock 1 input pin (A phase input for
clock phase measurement mode)
TCLK, Input External clock 2 input pin (B phase input for

phase measurement mode)

TCLKj3 Input External clock 3

11.2 Timer Countersand Compare/Capture Registers

The IPU has seven 16-bit timer counters (TCNTS), one for each channel. Each counter can be
accessed 16 hits at atime.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TCNT

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each of the seven channels has 16-bit capture and compare registers. A capture register latches
the TCNT value when an external capture signal is received or an event occurs. Compare register
contents are compared with the TCNT value at all times, and a compare match signal and/or
interrupt is generated when the two match. The configuration of each channel will be described
next.
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11.3 Channel 1 Registers

Channel 1 has four general registers used for both input capture and output compare, and four
dedicated registers used only for output compare.

Theinput capture/output compare registers function as output compare registers after areset.
They can be switched over to input capture by setting bits IEG41 to IEG10 in the timer control
registers.

Channel 1 can simultaneously generate a maximum of eight waveforms, or can simultaneously
generate four waveforms and measure four waveforms. Three-phase PWM output is possible in
PWM mode. See section 11.8, “Examples of Timer Operation” for details.

Figure 11-2 shows a block diagram of channel 1.

—— TCLK1-3
rﬂ—ﬂ/4096
———— T10C;-T10C4
‘ Clock selector H Control logic ‘ - > T110C;-T1I0C,
|-
‘ Comparator ‘
i t t i i t t i l ,,,,,, Control registers
- - TcRH | Tere |

On-chip
data bus

TCRA @ '

_‘

(@)

m

)

>
Bus interface

16-bit counter
DR1 (OCR)
DR2 (OCR)
DR3 (OCR)
DR4 (OCR)

TSRBH | TSRBL |(I)

GR1 (ICR/OCR)
GR2 (ICR/OCR)
GR3 (ICR/OCR)
GR4 (ICR/OCR)

g Qogf
Module data bus >

11 1

GR1 to GR4: Input capture/output compare registers (16 bits x 4)
DR1 to DR4: Output compare registers (16 bits x 4)

TCRH and TCRL: Timer control register (8 bits x 2)

TSRAH and TSRAL: Timer status register A (8 bits x 2)

TCRA: Timer control register A (8 bits)

TSRBH and TSRBL: Timer status register B (8 bits x 2)

TOERA: Timer output enable register A (8 bits)

TOERB: Timer output enable register B (8 bits)

O]
O
=
Ol
O
H
S|

0
(

Figure11-2 Channel 1 Block Diagram
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11.3.1 Register Configuration
Table 11-2 summarizes the channel 1 registers.

Table 11-2 Channel 1 Registers

Chan- Abbre- Initial
nel  Address Name viation ~ RMW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
1 FF20 Timer control T1CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF21 Timer control T1CRL RW — CCLR2 CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'80
register (low)
FF22 Timer status TISRAH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register A (high)
FF23 Timer status TISRAL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register A (low)
FF24 Timer output TI0OERA R/W DOE21 DOE20 DOE1l1 DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register A
FF25 Timer mode TMDRA  R/W MD6-7 MD4.7 MD35 MD2:6 SYNC3 SYNC2 SYNC1 SYNCO H'00
register A
FF26 Timer counter ~ TICNTH R/W H'00
register (high)
FF27 Timer counter ~ TICNTL R/W H'00
register (low)
FF28 General TIGRIH R/W HFF
register 1 (high)
FF29 General TIGRIL RW HFF
register 1 (low)
FF2A General TIGR2H R/W HFF
register 2 (high)
FF2B General TIGR2L RW HFF
register 2 (low)
FF2C Dedicated TIDRIH R/W HFF
register 1 (high)
FF2D Dedicated TIDRIL R/W HFF
register 1 (low)
FF2E Dedicated TIDR2H R/W HFF
register 2 (high)
FF2F Dedicated TIDR2L R/W HFF
register 2 (low)
FF30 Timer start TSTR RW — STR7 STR6 STR5 STR4 STR3 STR2 STR1 H'80
register
FF31 Timer control T1CRA RW — — — — [EG41 |EG40 I|EG31 IEG30 H'FO
register A
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Table11-2 Channel 1 Registers (cont)

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
FF32 Timer status TISRBH RW — — — — CMIE4 CMIE3 IMIE4 IMIE3 HFO
register B (high)
FF33 Timer status TISRBL RW — — — — CMF4 CMF3 IMF4 IMF3  HFO
register B (low)
FF34 Timer output TIOERB R/W DOE41 DOE40 DOE31 DOE30 GOE41 GOE40 GOE31 GOE30 H'00
enable register B
FF35 Timer mode TMDRB RW — — MDF  PWM4 PWM3 PWM2 PWM1 PWMO H'CO
register B
FF38 General TIGR3H RMW H'FF
register 3 (high)
FF39 General TIGR3L RMW H'FF
register 3 (low)
FF3A General TIGR4H RW H'FF
register 4 (high)
FF3B General TIGRAL RMW H'FF
register 4 (low)
FF3C Dedicated TIDR3H RW H'FF
register 3 (high)
FF3D Dedicated TIDR3L RMW H'FF
register 3 (low)
FF3E Dedicated TIDR4H RW H'FF
register 4 (high)
FF3F Dedicated TIDR4AL RW H'FF

register 4 (low)
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11.3.2 Timer Control Register (High)

Timer control register high (TCRH) is an eight-bit readable/writable register that selects the timer
clock source. Each channel has one TCRH. The bit structure of TCRH in channel 1 is shown
next.

Bit 7 6 5 4 3 2 1 0
TCRH | — ‘ — ‘ CKEG1 ‘ CKEGO ‘ TPSC3 ‘ TPSC2 ‘ TPSC1 ‘ TPSCO |
Initial value 1 1 0 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W

tTimer prescaler 3-0

These bits select the
clock source

L— Clock edge 1/0
These bits select the external clock edge

L— Reserved bits

(1) Bits7 and 6—Reserved: Read-only bits, alwaysread as 1.

(2) Bits5and 4—Clock Edge 1/0 (CKEG1/0): These bits select the external clock edge.

Bit 5 Bit 4

CKEG1 CKEGO Description

0 0 Increment on rising edge (Initial value)
0 1 Increment on falling edge

1 0 Increment on both edges

1 1

CKEGY/0 can be set to increment the count on the rising edge, falling edge, or both edges of the
external clock. When TPSC3 to TPSCO are set so as hot to select an external clock source,
CKEGL1 and CKEGO areignored.

For further details, see section 11.8.7, “External Event Counting.”
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(3) Bits3to0—Timer Prescaler (TPSC3to TPSCO): These bits select the clock source. One
of 16 clock sources can be selected, as listed next.

Bit 3 Bit 2 Bit 1 Bit 0

TPSC3 TPSC2 TPSC1 TPSCO Description

0 0 0 0 [} (100 ns)* (Initial value)
0 0 0 1 a/2 (200 ns)*

0 0 1 0 al4 (400 ns)*

0 0 1 1 2/8 (800 ns)*

0 1 0 0 /16 (1.6 ps)*

0 1 0 1 @/32 (3.2 us)*

0 1 1 0 2/64 (6.4 ps)*

0 1 1 1 2/128  (12.8 ps)*

1 0 0 0 2/256  (25.6 ps)*

1 0 0 1 2/512  (51.2 us)*

1 0 1 0 /1024 (102.4 ps)*

1 0 1 1 2/2048 (204.8 ps)*

1 1 0 0 /4096 (409.6 ps)*

1 1 0 1 External clock (TCLKy)
1 1 1 0 External clock (TCLK5)
1 1 1 1 External clock (TCLKj)

Note: * Values in parentheses are resolution values for a 10-MHz clock rate.
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11.3.3 Timer Control Register (L ow)

Timer control register low (TCRL) is an eight-bit readable/writable register that selects register
functions and input capture edges, and selects the timer counter clear source.

Channel 1 hastwo timer control registers (low), designated TCRL and TCRA. The bit structure
of TCRL in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TCRL | — \ CCLR2 \ CCLR1 \ CCLRO \ IEG21 \ IEG20 \ IEG11 \ IEG10 |
Initial value 1 0 0 0 0 0 0 0
RIW — RIW RIW RIW RIW RIW RIW RIW

t Input capture edge 21/20/11/10

These bits select register
functions and the valid edges
of input capture signals

“— Counter clear 2-0
These bits select the counter clear source

“—Reserved bit

(1) Bit 7—Reserved: Read-only bit, alwaysread as 1.
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(2) Bits6to4—Counter Clear 2to 0 (CCLR2/1/0): These bits select the counter clear source.

Bit 6 Bit 5 Bit 4
CCLR2 CCLR1 CCLRO Description

Counter not cleared (Initial value)

Synchronized counter clearing enabled

Counter cleared on GR1 compare match or capture

Counter cleared on DR2 compare match

Counter cleared on GR3 compare match or capture

Rk, OlO|IO|O
PP O|O|F|F, | O|O
P | O/, |O|FRr|O|FL|O

Counter cleared on DR4 compare match

When CCLR2 is 0 and either CCLR1 or CCLRO is set to 1, or both CCLR1 and CCLRO are set to
1, the counter is cleared in synchronization with the clearing of atimer pair selected in timer mode
register A (TMDA).

If GR1 or GR3 is used as a compare register the counter is cleared by compare match. 1f GR1 or
GR3isused as a capture register the counter is cleared by input capture.

For further details, see section 11.8.4, “Counter Clearing Function” and section 11.8.6,
“Synchronizing Mode.”

(3) Bits3 and 2—Input Capture Edge 21/20 (IEG21/20): These bits select the function of GR2
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG21 IEG20 Description

0 0 GR2 is not used for input capture (Initial value)*
0 1 GR2 captures rising edge of input capture signal

1 0 GR2 captures falling edge of input capture signal

1 1 GR2 captures both edges of input capture signal

Note: * GR2 becomes an output compare register.

A reset clears bits IEG21 and IEG20 to 0, disabling input capture and making GR2 an output
compare register. If IEG21 or IEG20 is set to 1, or both IEG21 and IEG20 are set to 1, GR2
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

265



(4) Bits1and 0—Input Capture Edge 11/10 (IEG11/10): These hits select the function of GR1
and the valid edge of the input capture signal.

Bit 1 Bit 0

IEG11 IEG10 Description

0 0 GR1 is not used for input capture (Initial value)*
0 1 GR1 captures rising edge of input capture signal

1 0 GRL1 captures falling edge of input capture signal

1 1 GR1 captures both edges of input capture signal

Note: * GR1 becomes an output compare register.

A reset clears bits IEG11 and IEG10 to 0, disabling input capture and making GR1 an output
compareregister. If IEG11 or IEG10isset to 1, or both IEG11 and IEG10 are set to 1, GR1
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

TCRA isan eight-bit readable/writable register. The bit structure of TCRA in channel 1 is shown
next.

Bit 7 6 5 4 3 2 1 0
TcRa | — | — | — | — | Eca | iEG40 | iEG31 | IEG30 |
Initial value 1 1 1 1 0 0 0 0
RIW _ _ — _ RW RW  RW  RW

t Input capture edge 41/40/31/30

These bits select register functions
and the valid edges of input capture
signals

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bits3 and 2—Input Capture Edge 41/40 (IEG41/40): These bits select the function of GR4
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG41 IEG40 Description

0 0 GR4 is not used for input capture (Initial value)*
0 1 GR4 captures rising edge of input capture signal

1 0 GR4 captures falling edge of input capture signal

1 1 GR4 captures both edges of input capture signal

Note: * GR4 becomes an output compare register.

A reset clears bits IEG41 and IEG40 to 0, disabling input capture and making GR4 an output
compareregister. If IEG41 or IEG40 isset to 1, or both IEG41 and IEG40 are set to 1, GR4
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

(3) Bits1and 0—Input Capture Edge 31/30 (IEG31/30): These bits select the function of GR3
and the valid edge of the input capture signal.

Bit 1 Bit 0

IEG31 IEG30 Description

0 0 GR3 is not used for input capture (Initial value)*
0 1 GR3 captures rising edge of input capture signal

1 0 GR3 captures falling edge of input capture signal

1 1 GR3 captures both edges of input capture signal

Note: * GR3 becomes an output compare register.

A reset clears bits IEG31 and IEG30 to 0, disabling input capture and making GR3 an output
compareregister. 1f IEG31 or IEG30isset to 1, or both IEG31 and IEG30 are set to 1, GR3
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”
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11.3.4 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register that enables and
disables timer interrupts.

After OVIE, CMIE2, CMIEL, IMIEZ2, or IMIELl issetto 1in TSRH, an interrupt is requested
when OVF, CMF2, CMFL, IMF2, or IMFlissetto 1in TSRL.

Channel 1 has two timer status registers (high), designated TSRAH and TSRBH. Channels2to 7
have one TSRH each. The hit structure of TSRAH in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRAH | _ _ _ \ OVIE \ CMIE2 \ CMIE1 \ IMIE2 \ IMIEL |
Initial value 1 1 1 0 0 0 0 0
RIW — — — RIW RIW RIW RIW RIW

L Input capture/
Compare match
interrupt enable
21
These bits enable
and disable GR2
and GR1 compare
match and input
capture interrupts

— Compare match interrupt enable 2/1

These bits enable and disable DR2
and DR1 compare match interrupts

— Overflow interrupt enable
Enables or disables timer overflow interrupts

L— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, always read as 1.
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(2) Bit 4—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled

(3) Bit 3—CompareMatch Interrupt Enable 2 (CMIE2): Enables or disablesthe DR2
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE2 Description

0 DR2 compare match interrupt is disabled (Initial value)
1 DR2 compare match interrupt is enabled

(4) Bit 2—CompareMatch Interrupt Enable 1 (CMIEL): Enables or disablesthe DR1
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

CMIE1 Description

0 DR1 compare match interrupt is disabled (Initial value)
1 DR1 compare match interrupt is enabled

(5) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMIE2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 compare match or input capture interrupt is disabled (Initial value)
1 GR2 compare match or input capture interrupt is enabled
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(6) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit O

IMIE1 Description

0 GR1 compare match or input capture interrupt is disabled (Initial value)
1 GR1 compare match or input capture interrupt is enabled

TSRBH is an eight-bit readable/writable register. The bit structure of TSRBH in channel 1is
shown next.

Bit 7 6 5 4 3 2 1 0
TSRBH | — — — — \ CMIE4 \ CMIE3 \ IMIE4 \ IMIE3
Initial value 1 1 1 1 0 0 0 0

RIW — — — — RIW RIW RIW RIW

L Input capture/
Compare match
interrupt enable
4/3
These bits enable
and disable GR2
and GR1 compare
match and input
capture interrupts

— Compare match interrupt enable 4/3

These bits enable and disable DR4
and DR3 compare match interrupts

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 3—Compare Match Interrupt Enable 4 (CMIE4): Enables or disablesthe DR4
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE4 Description

0 DR4 compare match interrupt is disabled (Initial value)
1 DR4 compare match interrupt is enabled

(3) Bit 2—Compare Match Interrupt Enable 3 (CMIE3): Enables or disables the DR3
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

CMIE3 Description

0 DR3 compare match interrupt is disabled (Initial value)
1 DR3 compare match interrupt is enabled

(4) Bit 1—Input Capture/Compare Match Interrupt Enable 4 (IM1E4): Enables or disables
the GR4 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE4 Description

0 GR4 compare match or input capture interrupt is disabled (Initial value)
1 GR4 compare match or input capture interrupt is enabled

(5) Bit 0—Input Capture/Compare Match Interrupt Enable 3 (IMIE3): Enables or disables
the GR3 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit O

IMIE3 Description

0 GR3 compare match or input capture interrupt is disabled (Initial value)
1 GR3 compare match or input capture interrupt is enabled
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11.3.5 Timer Status Register (L ow)

Timer status register low (TSRL) is an eight-bit readable/writable register that indicates timer
status. Writing to TSRL is restricted to clearing aflag to O after reading the 1 value of that flag.

After OVIE, CMIE2, CMIEL, IMIE2, or IMIELl issetto 1in TSRH, an interrupt is requested
when OVF, CMF2, CMF1, IMF2, or IMFlissetto1in TSRL.

Channel 1 hastwo timer status registers (low), designated TSRAL and TSRBL. Channels2to 7
have one TSRL each. The bit structure of TSRAL in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRAL | — — — OVF | cMF2 | cMFL | IMF2 | IMF1 |
Initial value 1 1 1 0 0 0 0 0
RIW _ _ — RIW RIW RIW RIW RIW

L Input capture/
Compare match
flag 2/1
Flags indicating
GR2 and GR1
compare match
or input capture

— Compare match flag 2/1

Flags indicating DR2 and DR1
compare match

— Overflow flag
Flag indicating timer overflow

— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, always read as 1.
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(2) Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000.
For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs

(3) Bit 3—CompareMatch Flag 2 (CMF2): Set to 1 when the counter value matches the DR2
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF2 Description
0 1. Cleared by reading CMF2 after CMF2 is set to 1, then writing 0 in CMF2
(Initial value)
2. Cleared when the DTC is activated by a CMI2 interrupt
1 Set when DR2 compare match occurs

(4) Bit 2—CompareMatch Flag 1 (CMF1): Set to 1 when the counter value matches the DR1
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF1 Description
0 1. Cleared by reading CMF1 after CMFL1 is set to 1, then writing 0 in CMF1
(Initial value)
2. Cleared when the DTC is activated by a CMI1 interrupt
1 Set when DR1 compare match occurs

(5) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured to GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing 0 in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs
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(6) Bit 0—Input Capture/CompareMatch Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter value is captured to GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing O in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs

TSRBL isan eight-bit readable/writable register. The bit structure of TSRBL in channel 1is
shown next.

Bit 7 6 5 4 3 2 1 0
TSRBL | — — — — | cvF4 | cmF3 | iMF4 | vFs |
Initial value 1 1 1 1 0 0 0 0
RIW — — — — RIW RIW RIW RIW

t Input capture/

Compare match
flag 4/3

Flags indicating
GR4 and GR3
compare match
or input capture

— Compare match flag 4/3

Flags indicating DR4 and DR3
compare match

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 3—CompareMatch Flag 4 (CMF4): Set to 1 when the counter value matches the DR4
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF4 Description
0 1. Cleared by reading CMF4 after CMF4 is set to 1, then writing 0 in CMF4
(Initial value)
2. Cleared when the DTC is activated by a CMI4 interrupt
1 Set when DR4 compare match occurs

(3) Bit 2—CompareMatch Flag 3 (CMF3): Set to 1 when the counter value matches the DR3
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF3 Description
0 1. Cleared by reading CMF3 after CMF3 is set to 1, then writing 0 in CMF3
(Initial value)
2. Cleared when the DTC is activated by a CMI3 interrupt
1 Set when DR3 compare match occurs

(4) Bit 1—Input Capture/Compare Match Flag 4 (IMF4): Set to 1 when the counter value
matches the GR4 value, or the counter value is captured to GR4. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF4 Description
0 1. Cleared by reading IMF4 after IMF4 is set to 1, then writing O in IMF4
(Initial value)
2. Cleared when the DTC is activated by an IMI4 interrupt
1 Set when GR4 input capture or compare match occurs

(5) Bit 0—Input Capture/Compare Match Flag 3 (IMF3): Set to 1 when the counter value
matches the GR3 value, or the counter value is captured to GR3. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF3 Description
0 1. Cleared by reading IMF3 after IMF3 is set to 1, then writing O in IMF3
(Initial value)
2. Cleared when the DTC is activated by an IMI3 interrupt
1 Set when GR3 input capture or compare match occurs
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11.3.6 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readable/writable register that enables or
disables output of compare match signals and selects the output level.

Channel 1 has two timer output enable registers, designated TOERA and TOERB. Channels 2 to
7 have one TOER each. The bit structure of TOERA in channel 1 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(low).”

Bit 7 6 5 4 3 2 1 0

TOERA | DOE21 \ DOE20 \ DOE11 \ DOE10 \ GOE21 \ GOE20 \ GOE11 \ GOE10 |

Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

LGeneral register
output enable

General register 1110

output enable These bits enable
Dedicated 21/20 and disable output
register output These bits enable  ©f the counter-GR1
enable 11/10 and disable output  COMPare maich

signal, and select
the output level

- Dedicated
register output
enable 21/20
These bits enable
and disable output
of the counter-DR2
compare match
signal, and select
the output level

of the counter-GR2
compare match
signal, and select
the output level

These bits enable
and disable output
of the counter-DR1
compare match
signal, and select
the output level
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(1) Bits7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20): These bits enable
and disable output of the counter-DR2 compare match signal, and select the output level. For
further details, see section 11.8.2, “ Selection of Output Level”

Bit 7 Bit 6

DOE21 DOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(2) Bits5and 4—Dedicated Register Output Enable 11/10 (DOE11/10): These bits enable
and disable output of the counter-DR1 compare match signal, and select the output level. For
further details, see section 11.8.2, “ Selection of Output Level.”

Bit 5 Bit 4

DOE11 DOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(3) Bits3and 2—General Register Output Enable 21/20 (DOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR2 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when IEG21 =
IEG20 =0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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(4) Bits1and 0—General Register Output Enable 11/10 (DOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR1 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE11 and GOE10. Bits 1 and O are thusignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level.”

TOERSB is an eight-bit readable/writable register. The bit structure of TOERB in channel 1is
shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(low).”

Bit 7 6 5 4 3 2 1 0
TOERB | DOE41 \ DOE40 \ DOE31 \ DOE30 \ GOE41 \ GOE40 \ GOE31 \ GOE30 |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LGeneral register
output enable

General register ~ 31/30
output enable These bits enable

Dedicated 41/40 and disable output
register output These bits enable  ©f the counter-GR3
enable 31/30 and disable output c0mpare match

- Dedicated :
register output These bits enable

enable 41/40 and disable output
. of the counter-DR3
compare match
signal, and select
the output level

signal, and select

of the counter-GR4
the output level

compare match
signal, and select
These bits enable the output level
and disable output
of the counter-DR4
compare match
signal, and select
the output level
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(1) Bits7 and 6—Dedicated Register Output Enable 41/40 (DOE41/40): These bits enable
and disable output of the counter-DR4 compare match signal, and select the output level. For
further details, see section 11.8.2, “ Selection of Output Level”

Bit 7 Bit 6

DOEA41 DOE40 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(2) Bits5and 4—Dedicated Register Output Enable 31/30 (DOE31/30): These bits enable
and disable output of the counter-DR3 compare match signal, and select the output level. For
further details, see section 11.8.2, “ Selection of Output Level.”

Bit 5 Bit 4

DOE31 DOE30 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(3) Bits3 and 2—General Register Output Enable 41/40 (GOE41/40): These bits enable and
disable output of the counter-GR4 compare match signal, and select the output level.

Bit 3 Bit 2

GOE41 GOE40 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR4 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE41 and GOE40. Bits 3 and 2 are thus ignored except when IEG41 =
IEG40 =0.

For further details, see section 11.8.2, “ Selection of Output Level”
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(4) Bits1and 0—General Register Output Enable 31/30 (GOE31/30): These bits enable and
disable output of the counter-GR3 compare match signal, and select the output level.

Bit 1 Bit 0

GOE31 GOE30 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR3 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE31 and GOE30. Bits 1 and O are thusignored except when IEG31 =
IEG30=0.

For further details, see section 11.8.2, “ Selection of Output Level”
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11.4 Channel 2to 5 Registers

Channels 2 to 5 each have two general registers used for output compare and input capture, and
two dedicated registers used only for output compare.

The genera registers function as output compare registers after areset. They can be switched
over to input capture by setting bits IEG21 to IEG10 in the timer control registers.

Each of channels 2 to 5 can simultaneously generate a maximum of four waveforms, or can
simultaneously generate two waveforms and measure two waveforms. In programmed periodic
counting mode, channels 2 to 4 are used for setting the measurement period, and channel 5 isused
to measure the waveform. Channels 2 and 3 can provide two-phase PWM output. See section
11.8, “Examples of Timer Operation” for details.

Figure 11-3 shows a block diagram of channels 2 to 5.

—— TCLK1-3
rﬂ—z/4096

T20C;1-T20C>,

Control logic T210C;-T210C,

Clock selector

Comparator

|
| |
AL _t_ L i Control registers

<—~| TCRH* | TCRL |(I)§
IR T ] A
Q ! | (%)
N 0s
allzllel|8]]5 S ——
o O]

olototo o

( Module data bus
Ll_l Note: The diagram shows 16-bit timer channel 2.

GR1 and GR2: Output compare/input capture registers (16 bits x 2)
DR1 and DR2: Output compare registers (16 bits x 2)

TCRH and TCRL: Timer control registers (8 bits x 2)

TSRH and TSRL: Timer status registers (8 bits x 2)

TOER: Timer output enable register (8 bits)

Note: * For TCRH, see section 11.3.2, “Timer Control Register (high).”

Figure11-3 Block Diagram of Channels2to5
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11.4.1 Register Configuration

Table 11-3 summarizes the registers of channels 2 and 3.

Table 11-3 Registersof Channels2 and 3

Chan- Abbre- Initial
nel  Address Name viation ~ RMW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
2 FF40 Timer control T2CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF41 Timer control T2CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 HCO
register (low)
FF42 Timer status T2SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register (high)
FF43 Timer status T2SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
FF44 Timer output T20ER R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
FF46 Timer counter ~ T2CNTH R/W H'00
register (high)
FF47 Timer counter ~ T2CNTL  R/W H'00
register (low)
FF48 General T2GR1H RW HFF
register 1 (high)
FF49 General T2GRIL RW H'FF
register 1 (low)
FF4A General T2GR2H R/W H'FF
register 2 (high)
FF4B General T2GR2L RW HFF
register 2 (low)
FF4C Dedicated T2DRIH RW HFF
register 1 (high)
FF4D Dedicated T2DRI1L RW H'FF
register 1 (low)
FF4E Dedicated T2DR2H RW HFF
register 2 (high)
FF4F Dedicated T2DR2L  RW H'FF

register 2 (low)
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Table 11-3 Registersof Channels2 and 3 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
3 FF50 Timer control T3CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF51 Timer control T3CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
FF52 Timer status T3SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIEL HEO
register (high)
FF53 Timer status T3SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
FF54 Timer output T30ER R/W DOE21 DOE20 DOE1l1 DOE10 GOE21 GOE20 GOE11 GOE10 H00
enable register
FF56 Timer counter  T3CNTH R/W H'00
register (high)
FF57 Timer counter ~ T3CNTL  R/W H'00
register (low)
FF58 General T3GRIH R/W H'FF
register 1 (high)
FF59 General T3GR1L RMW H'FF
register 1 (low)
FF5A General T3GR2H R/W HFF
register 2 (high)
FF5B General T3GR2L RMW HFF
register 2 (low)
FF5C Dedicated T3DRIH R/W HFF
register 1 (high)
FF5D Dedicated T3DRIL RMW HFF
register 1 (low)
FF5E Dedicated T3DR2H R/W HFF
register 2 (high)
FF5F Dedicated T3DR2L R/W HFF

register 2 (low)
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Table 11-4 summarizes the registers of channels 4 and 5.

Table 11-4 Registersof Channels4and 5

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
4 FF60 Timercontrol ~ TACRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF61 Timercontrol ~ T4ACRL ~ RW — — CCLR1 CCLRO IEG21 IEG20 IEGI1 IEG10 H'CO
register (low)
FF62 Timer status T4SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register (high)
FF63 Timer status T4SRL  RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
FF64 Timer output TAOER R/MW DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
FF66 Timer counter ~ TACNTH R/W H'00
register (high)
FF67 Timer counter ~ TACNTL R/W H'00
register (low)
FF68 General TAGRIH R/W H'FF
register 1 (high)
FF69 General TAGRIL R/W H'FF
register 1 (low)
FF6A General TAGR2H R/W H'FF
register 2 (high)
FF6B General TAGR2L R/W H'FF
register 2 (low)
FF6C Dedicated T4DRIH RW H'FF
register 1 (high)
FF6D Dedicated T4DRIL RW H'FF
register 1 (low)
FF6E Dedicated T4DR2H R/W H'FF
register 2 (high)
FF6F Dedicated T4DR2L R/W H'FF

register 2 (low)
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Table11-4 Registersof Channels4 and 5 (cont)

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
5 FF70 Timer control T5CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF71 Timer control T5CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
FF72 Timer status T5SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIEL HEO
register (high)
FF73 Timer status T5SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
FF74 Timer output TS50ER  R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H00
enable register
FF76 Timer counter ~ T5CNTH  R/W H'00
register (high)
FF77 Timer counter ~ T5CNTL  R/W H'00
register (low)
FF78 General TSGR1H R/W H'FF
register 1 (high)
FF79 General TSGR1L RMW H'FF
register 1 (low)
FF7A General T5GR2H R/W HFF
register 2 (high)
FF7B General T5GR2L  R/W HFF
register 2 (low)
FF7C Dedicated TSDR1IH R/W HFF
register 1 (high)
FF7D Dedicated TSDRIL RW HFF
register 1 (low)
FF7E Dedicated TSDR2H R/W HFF
register 2 (high)
FF7F Dedicated TSDR2L  R/W HFF

register 2 (low)
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11.4.2 Timer Control Register (L ow)

Timer control register low (TCRL) is an eight-bit readable/writable register. For timer control
register high (TCRH), see section 11.3.2, “Timer Control Register (high).” The bit structure of
TCRL in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TCRL | — ‘ — ‘ CCLR1 ‘ CCLRO ‘ IEG21 ‘ IEG20 ‘ IEG11 ‘ IEG10 |
Initial value 1 1 0 0 0 0 0 0
R/W — — R/W R/W R/W R/W R/W R/W

t Input capture edge 21/20/11/10
These bits select register
functions and the valid edges
of input capture signals

“— Counter clear 1/0
These bits select the counter clear source

L— Reserved bits

(1) Bits7 and 6 —Reserved: Read-only bits, always read as 1.

(2) Bits5and 4—Counter Clear 1 and 0 (CCLR1/0): These hits select the counter clear
source.

Bit 5 Bit 4

CCLR1 CCLRO Description

0 0 Counter not cleared (Initial value)
0 1 Counter cleared on GR1 compare match or capture

1 0 Counter cleared on DR2 compare match*

1 1 Synchronous clearing of counter enabled

Note: * In channels 6 and 7 the counter is cleared on GR2 compare match or capture.

When CCLR1 = CCLRO = 1, the counter is cleared in synchronization with the clearing of the
paired timer selected in timer mode register A.

If GR1 is used as a compare register the counter is cleared by compare match. If GR1 isused asa
capture register the counter is cleared by input capture.
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For further details, see section 11.8.4, “Counter Clearing Function” and section 11.8.6,
“Synchronizing Mode.”

(3) Bits3 and 2—Input Capture Edge 21/20 (IEG21/20): These bits select the function of GR2
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG21 IEG20 Description

0 0 GR2 is not used for input capture (Initial value)*
0 1 GR2 captures rising edge of input capture signal

1 0 GR2 captures falling edge of input capture signal

1 1 GR2 captures both edges of input capture signal

Note: * GR2 becomes an output compare register.

A reset clears bits IEG21 and IEG20 to 0O, disabling input capture and making GR2 an output
compare register. If IEG21 or IEG20 is set to 1, or both IEG21 and IEG20 are set to 1, GR2
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

(4) Bits1and 0—Input Capture Edge 11/10 (IEG11/10): These bits select the function of GR1
and the valid edge of the input capture signal.

Bit 1 Bit 0

IEG11 IEG10 Description

0 0 GR1 is not used for input capture (Initial value)*
0 1 GR1 captures rising edge of input capture signal

1 0 GR1 captures falling edge of input capture signal

1 1 GR1 captures both edges of input capture signal

Note: * GR1 becomes an output compare register.

A reset clears bits IEG11 and IEG10 to 0, disabling input capture and making GR1 an output
compare register. If IEG11 or IEG10issetto 1, or both IEG11 and IEG10 are set to 1, GR1
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”
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11.4.3 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register. After OVIE, CMIE2,
CMIEL, IMIE2, or IMIELlissetto 1in TSRH, an interrupt is requested when OVF, CMF2, CMF1,
IMF2, or IMFlissetto1lin TSRL. The bit structure of TSRH in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRH | — ‘ — ‘ — ‘ OVIE ‘ CMIE2 ‘ CMIE1 ‘ IMIE2 ‘ IMIE1 |
Initial value 1 1 1 0 0 0 0 0
R/W — — — R/W R/W R/W R/W R/W

anut capture/
Compare match
interrupt enable
211

These bits enable
and disable GR2
and GR1 compare
match and input
capture interrupts

— Compare match interrupt enable 2/1

These bits enable and disable DR2
and DR1 compare match interrupts

— Overflow interrupt enable
Enables or disables timer overflow interrupts

L— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 4—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled
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(3) Bit 3—CompareMatch Interrupt Enable 2 (CMIE2): Enables or disablesthe DR2
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE2 Description

0 DR2 compare match interrupt is disabled (Initial value)
1 DR2 compare match interrupt is enabled

(4) Bit 2—CompareMatch Interrupt Enable 1 (CMIEL): Enables or disablesthe DR1
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

CMIE1 Description

0 DR1 compare match interrupt is disabled (Initial value)
1 DR1 compare match interrupt is enabled

(5) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMI1E2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 input capture or compare match interrupt is disabled (Initial value)
1 GR2 input capture or compare match interrupt is enabled

(6) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1L): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 0

IMIE1 Description

0 GR1 input capture or compare match interrupt is disabled (Initial value)
1 GR1 input capture or compare match interrupt is enabled
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11.4.4 Timer Status Register (Low)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, CMIE2,
CMIEL, IMIE2, or IMIELlissetto 1in TSRH, an interrupt is requested when OVF, CMF2, CMF1,
IMF2, or IMFlissetto 1in TSRL. Writingto TSRL isrestricted to clearing aflag to O after
reading the 1 value of that flag. The bit structure of TSRL in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRL | — | — | — | ow | cwr2 | cmrr | M2 | vR |
Initial value 1 1 1 0 0 0 0 0
RIW _ _ _ RIW RIW RIW RIW RIW

L Input capture/
Compare match
flag 2/1
Flags indicating
GR2 and GR1
compare match
or input capture

— Compare match flag 2/1

Flags indicating DR2 and DR1
compare match

— Overflow flag
Flag indicating counter overflow

— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000.
For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs
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(3) Bit 3—CompareMatch Flag 2 (CMF2): Set to 1 when the counter value matches the DR2
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF2 Description
0 1. Cleared by reading CMF2 after CMF2 is set to 1, then writing O in CMF2
(Initial value)
2. Cleared when the DTC is activated by a CMI2 interrupt
1 Set when DR2 compare match occurs

(4) Bit 2—CompareMatch Flag 1 (CMF1): Set to 1 when the counter value matches the DR1
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF1 Description
0 1. Cleared by reading CMF1 after CMF1 is set to 1, then writing 0 in CMF1
(Initial value)
2. Cleared when the DTC is activated by a CMI1 interrupt
1 Set when DR1 compare match occurs

(5) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured to GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing 0 in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs

(6) Bit 0—Input Capture/Compare Match Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter value is captured to GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing 0 in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs
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11.4.5 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readable/writable register. The bit
structure of TOER in channels 2 to 5 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “Timer Control Register
(low).”

Bit 7 6 5 4 3 2 1 0
TOER | DOE21 ‘ DOE20 ‘ DOE11 ‘ DOE10 ‘ GOE21 ‘ GOE20 ‘ GOE11 ‘ GOE10 |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

LGeneral register
output enable

General register 1110

output enable These bits enable
Dedicated 2120 and disable output
register output These bits enable  ©f the counter-GR1
enable 11/10 and disable output COMPare match

signal, and select
the output level

— Dedicated e
register output These bits enable

enable 21/20 and disable output
of the counter-DR1
compare match
signal, and select
the output level

of the counter-GR2
compare match
chable £1/2U signal, and select
These bits enable the output level
and disable output
of the counter-DR2
compare match
signal, and select
the output level

(1) Bits7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20): These bits enable
and disable output of the counter-DR2 compare match signal, and select the output level. For
further details, see section 11.8.2, “ Selection of Output Level.”

Bit 7 Bit 6

DOE21 DOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Qutput 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
output goes to 1 on compare match.
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(2) Bits5 and 4—Dedicated Register Output Enable 11/10 (DOE11/10): These bits enable and
disable output of the counter-DR1 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level”

Bit 5 Bit 4

DOE11 DOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
output goes to 1 on compare match.

(3) Bits3 and 2—General Register Output Enable 21/20 (GOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
timer outputs 1 on compare match.

When GR2 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when |IEG21 = |[EG20
=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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(4) Bits1and 0—General Register Output Enable 11/10 (GOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Qutput 1 on compare match

1 1 Toggle on compare match *

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
timer outputs 1 on compare match.

When GR1 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE11 and GOE10. Bits 1 and 0 are thus ignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level”
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11.5 Channel 6 and 7 Registers

Channels 6 and 7 each have two general registers used for output compare and input capture.

The general registers function as output compare registers after areset. They can be switched
over to input capture by setting bits IEG21 to IEG10 in the timer control registers.

Each of channels 6 and 7 can simultaneously measure two waveforms and generate one waveform.
Channels 6 and 7 can each be used to measure waveforms in programmed periodic counting
mode. The timer counter in channel 7 can count up or down according to the phase of two
external clock signalsin phase counting mode. Channels 6 and 7 can provide single-phase PWM
output in PWM output mode. See section 11.8, “Examples of Timer Operation” for details.

Figure 11-4 shows a block diagram of channels6 and 7.

—— TCLK1-3
rﬂ—z/4096

‘ Clock selector

‘ ‘ Control logic

T610C,1-T6IOC,

‘ Comparator

t

16-bit counter

U

H

GR1 (ICR/OCR)

O

H

GR2 (ICR/OCR)

U

Control registers

<—~| TCRH'L | TCRL*2 |(D
<—r| TSRH TSRL |(:)

On-chip
data bus

Bus interface

( Module data bus

| .

GR1 and GR2: Output compare/input capture registers (16 bits x 2)
TCRH and TCRL: Timer control registers (8 bits x 2)

TSRH and TSRL: Timer status registers (8 bits x 2)

TOER: Timer output enable register (8 bits)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Note: The diagram shows 16-bit timer channel 6.

Notes: 1. For TCRH, see section 11.3.2, “Timer Control Register (high).”
2. For TCRL, see section 11.4.2, “Timer Control Register (high).”

Figure11-4 Block Diagram of Channels6 and 7
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11.5.1 Register Configuration

Table 11-5 summarizes the registers of channels 6 and 7.

Table 11-5 Registersof Channels6 and 7

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
6 FF80 Timercontrol ~ T6CRH ~ RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
FF81 Timercontrol ~ T6CRL ~ RW — — CCLR1 CCLRO IEG21 IEG20 IEGI1 IEG10 H'CO
register (low)
FF82 Timer status T6SRH RW — — — — — OVIE IMIE2 IMIE1 HF8
register (high)
FF83 Timer status T6SRL  RW — — — — — OVF IMF2 IMF1 HF8
register (low)
FF84 Timer output T60ER RW — — — — GOE21 GOE20 GOE1l GOE10 H'FO
enable register
FF86 Timer counter ~ T6CNTH ~ R/W H'00
register (high)
FF87 Timer counter ~ T6CNTL ~ R/W H'00
register (low)
FF88 General T6GR1IH R/W H'FF
register 1 (high)
FF89 General T6GRIL RW H'FF
register 1 (low)
FF8A General T6GR2H R/W H'FF
register 2 (high)
FF8B General T6GR2L RW H'FF

register 2 (low)
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Table11-5 Registersof Channels6 and 7 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
7 FF90 Timer control T7CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSCl1 TPSCO H'CO
register (high)
FF91 Timer control T7CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 HCO
register (low)
FF92 Timer status T7SRH RW — — — — — OVIE IMIE2 IMIEL HF8
register (high)
FF93 Timer status T7SRL RW — — — — — OVF IMF2 IMF1 HF8
register (low)
FF94 Timer output T70ER RW — — — — GOE21 GOE20 GOE11l GOE10 HFO
enable register
FF96 Timer counter ~ T7CNTH R/W H'00
register (high)
FF97 Timer counter ~ T7CNTL  R/W H'00
register (low)
FF98 General TIGRIH RW H'FF
register 1 (high)
FF99 General TIGRIL RW H'FF
register 1 (low)
FF9A General TIGR2H R/W H'FF
register 2 (high)
FF9B General TIGR2L RW H'FF

register 2 (low)
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11.5.2 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register. After OVIE, IMIE2,
or IMIElissetto 1in TSRH, an interrupt is requested when OVF, IMF2, or IMFlissetto lin
TSRL. For timer control register high and low, see section 11.3.2, “Timer Control Register

(high)” and section 11.4.2, “Timer Control Register (low).” The bit structure of TSRH in channels
6 and 7 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRH | — \ — \ — \ — \ — \ OVIE \ IMIE2 \ IMIEL |
Initial value 1 1 1 1 1 0 0 0
RIW — — — — — RIW RIW RIW

L Input capture/
Compare match
interrupt enable
2/1
These bits enable
and disable
compare match
and input capture
interrupts

— Overflow interrupt enable

Enables or disables timer
overflow interrupts

L— Reserved bits

(1) Bits7to3—Reserved: Read-only bits, always read as 1.

(2) Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled
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(3) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMIE2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 input capture or compare match interrupt is disabled (Initial value)
1 GR2 input capture or compare match interrupt is enabled

(4) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit O

IMIE1 Description

0 GR1 input capture or compare match interrupt is disabled (Initial value)
1 GR1 input capture or compare match interrupt is enabled
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11.5.3 Timer Status Register (L ow)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, IMIE2, or
IMIELissetto 1in TSRH, an interrupt is requested when OVF, IMF2, or IMFlissetto 1in
TSRL. Writing to TSRL isrestricted to clearing aflag to 0 after reading the 1 value of that flag.
The bit structure of TSRL in channels 6 and 7 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRt | — | — | — | — | — | ov | wr2 | w1 |
Initial value 1 1 1 1 1 0 0 0
RIW _ _ _ _ _ RW  RW  RW

L Input capture/
Compare match
interrupt enable
2/11
Flags indicating
GR2 and GR1
compare match
or input capture

— Overflow flag

Flag indicating counter
overflow

— Reserved bits

(1) Bits7to3—Reserved: Read-only bits, always read as 1.

(2) Bit 2—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000
or when the counter in channel 7 underflows from H'0000 to H'FFFF in phase counting mode. For
further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs
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(3) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured to GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing O in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs

(4) Bit 0—Input Capture/Compare Match Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter value is captured to GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing O in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs
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11.5.4 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readable/writable register. The bit
structure of TOER in channels 6 and 7 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “Timer Control Register
(low).”

Bit 7 6 5 4 3 2 1 0
TOER | — ‘ — ‘ — ‘ — ‘ GOE21 ‘ GOE20 ‘ GOE11 ‘ GOE10 |
Initial value 1 1 1 1 0 0 0 0
R/W — — — — R/W R/W R/W R/W

LGeneral register
output enable
11/10
These bits enable
and disable output
of the counter-GR1
compare match
signal, and select
the output level

— General register output enable

21/20

These bits enable and disable
output of the counter-GR2 compare
match signal, and select the output
level

— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bits3 and 2—General Register Output Enable 21/20 (GOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR2 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when IEG21 =
IEG20 = 0.

For further details, see section 11.8.2, “ Selection of Output Level.”

(3) Bits1and 0—General Register Output Enable 11/10 (GOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Qutput 1 on compare match

1 1

When GR1 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE11 and GOE10. Bits 1 and 0 are thus ignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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11.6 1PU Register Descriptions
11.6.1 Timer Mode Register A

Timer mode register A (TMDRA) is an eight-bit readabl e/writable register that selects timer
synchronizing and operating modes. The bit structure of TMDRA is shown next.

Bit 7 6 5 4 3 2 1 0
TMDRA | MD6-7 \ MDA4-7 \ MD3-5 \ MD2-6 \ SYNC3 \ SYNC2 \ SYNC1 \ SYNCO |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LTimer synchronizing bits 3-0

These bits synchronize
two timers

Timer mode 6-7, 4-7, 3-5, 2-6
These bits operate two timers
in programmed periodic counting mode

(1) Bit 7—Timer Mode 6-7 (MD6-7): Operates channels 6 and 7 in programmed periodic
counting mode.

Bit 7

MD6-7 Description

0 Timers 6 and 7 operate normally (Initial value)
1 Timers 6 and 7 operate in programmed periodic counting mode

The counter valuein channel 7 is captured to GR1 in channel 7 at intervals set in GR2 in channel
6. If channel 7 is externally clocked, the number of external events occurring in regular intervals
timed by channel 6 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Maode.”
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(2) Bit 6—Timer Mode 4-7 (MD4-7): Operates channels 4 and 7 in programmed periodic
counting mode.

Bit 6

MDA4-7 Description

0 Timers 4 and 7 operate normally (Initial value)
1 Timers 4 and 7 operate in programmed periodic counting mode

The counter valuein channel 7 is captured to GR2 in channel 7 at intervals set in DR2 in channel
4. If channel 7 is externaly clocked, the number of external events occurring in regular intervals
timed by channel 4 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Mode”

(3) Bit 5—Timer Mode 3-5 (MD3-5): Operates channels 3 and 5 in programmed periodic
counting mode.

Bit 5

MD3-5 Description

0 Timers 3 and 5 operate normally (Initial value)
1 Timers 3 and 5 operate in programmed periodic counting mode

The counter valuein channel 5 is captured to GR1 in channel 5 at intervals set in DR2 in channel
3. If channel 5isexternally clocked, the number of external events occurring in regular intervals
timed by channel 3 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Mode”

(4) Bit 4—Timer Mode 2-6 (MD2-6): Operates channels 2 and 6 in programmed periodic
counting mode.

Bit 4

DM2-6 Description

0 Timers 2 and 6 operate normally (Initial value)
1 Timers 2 and 6 operate in programmed periodic counting mode

The counter valuein channel 6 is captured to GR1 in channel 6 at intervals set in DR2 in channel
2. If channel 6 is externally clocked, the number of external events occurring in regular intervals
timed by channel 2 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Mode”
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(5) Bit 3—Timer Synchronizing Bit 3 (SYNC3): Synchronizes two timer channels.

Bit 3

SYNC3 Description

0 Timer counters in channels 6 and 7 operate independently (Initial value)
1 Timer counters in channels 6 and 7 are synchronized

When SYNC3 = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(6) Bit 2—Timer Synchronizing Bit 2 (SYNC2): Synchronizes two timer channels.

Bit 2

SYNC2 Description

0 Timer counters in channels 4 and 5 operate independently (Initial value)
1 Timer counters in channels 4 and 5 are synchronized

When SYNC2 = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(7) Bit 1—Timer Synchronizing Bit 1 (SYNCL): Synchronizes two timer channels.

Bit 1

SYNC1 Description

0 Timer counters in channels 2 and 3 operate independently (Initial value)
1 Timer counters in channels 2 and 3 are synchronized

When SYNCL = 1, timer counters can be preset and cleared in synchronization. If two or more
bitsamong SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(8) Bit 0—Timer Synchronizing Bit 0 (SYNCOQ): Synchronizes two timer channels.
Bit 0
SYNCO Description

0 Timer counters in channel 1 and other channels operate independently
(Initial value)
1 Timer counters in channel 1 and other channels are synchronized
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When SYNCO = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNCL, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

11.6.2 Timer Mode Register B

Timer mode register B (TMDRB) is an eight-bit readable/writable register that selectstimer
operating modes. The bit structure of TMDRB is shown next.

Bit 7 6 5 4 3 2 1 0
TMDRB | — ‘ — ‘ MDF ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO |
Initial value 1 1 0 0 0 0 0 0
R/W — — R/W R/W R/W R/W R/W R/W

tPWM timer mode 4-0
These bits operate
channels 7, 6, 3, 2,
and 1 as pulse-width
modulators

— Phase counting mode
Operates channel 7 in phase counting mode

— Reserved bits

(1) Bits7 and 6—Reserved: Read-only bits, awaysread as 1.

(2) Bit 5—Phase Counting M ode (M DF): Operates channdl 7 in phase counting mode. For
further details see section 11.8.9, “Phase Counting Mode.”

Bit 5

MDF Description

0 Channel 7 operates normally (Initial value)
1 Channel 7 operates in phase counting mode
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(3) Bit 4—PWM Timer Mode 4 (PWM4): Operates channel 7 as a pulse-width modul ator.

Bit 4

PWM4 Description

0 Channel 7 operates normally (Initial value)
1 Channel 7 operates as a pulse-width modulator

Channel 7 operates as a pulse-width modulator with independent period and duty cycle, providing
one PWM output. When PWM4 = 1, settings of GOE11 and GOE10 in the channel 7 timer output
enable register (TOER) areignored. For further details, see section 11.8.5 “PWM Output Mode.”

(4) Bit 3—PWM Timer Mode 3 (PWM 3): Operates channel 6 as a pul se-width modulator.

Bit 3

PWM3 Description

0 Channel 6 operates normally (Initial value)
1 Channel 6 operates as a pulse-width modulator

Channel 6 operates as a pulse-width modulator with independent period and duty cycle, providing
one PWM output. When PWM3 = 1, settings of GOE11 and GOE10 in the channel 6 timer output
enable register (TOER) areignored. For further details, see section 11.8.5 “PWM Output Mode.”

(5) Bit 2—PWM Timer Mode 2 (PWM 2): Operates channel 3 as a pulse-width modul ator.

Bit 2

PWM2 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates as a pulse-width modulator

Channel 3 operates as a pulse-width modulator with independent period and duty cycle. Channel
3 can provide two-phase PWM output. When PWM2 = 1, settings of GOE21, GOE20, GOE11,
and GOE10 in the channel 3 timer output enable register (TOER) areignored. For further details,
see section 11.8.5 *PWM Output Mode.”

308



(6) Bit 1—PWM Timer Mode 1 (PWM 1): Operates channel 2 as a pulse-width modulator.

Bit 1

PWM1 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates as a pulse-width modulator

Channel 2 operates as a pul se-width modulator with independent period and duty cycle. Channel
2 can provide two-phase PWM output. When PWM1 = 1, settings of GOE21, GOE20, GOE11,
and GOE10 in the channel 2 timer output enable register (TOER) areignored. For further details,
see section 11.8.5 “PWM Output Mode.”

(7) Bit 0—PWM Timer Mode 0 (PWMOQ): Operates channel 1 as a pulse-width modulator.

Bit 0

PWMO Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates as a pulse-width modulator

Channel 1 operates as a pulse width modulator with independent period and duty cycle. Channel
1 can provide three-phase PWM output. When PWMO = 1, settings of DOE11, DOE10, GOE21,
GOE20, GOEL11, and GOE10 in the channel 1 timer output enable register (TOER) are ignored.
For further details, see section 11.8.5 “PWM Output Mode.”
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11.6.3 Timer Start Register

The timer start register (TSTR) is an eight-bit readable/writable register that starts and stops the
counters. The bit structure of TSTR is shown next.

Bit 7 6 5 4 3 2 1 0
TSTR | — ‘ STR7 ‘ STR6 ‘ STR5 ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 |
Initial value 1 0 0 0 0 0 0 0
R/W — R/W R/W R/W R/W R/W R/W R/W

L Counter start 7to 1

These bits start and stop the
Reserved bit counters

(1) Bit 7—Reserved: Read-only bit, always read as 1.

(2) Bit 6—Counter Start 7 (STR7): Starts and stops the counter in channel 7.

Bit 6

STR7 Description

0 Timer counter 7 is halted (Initial value)
1 Timer counter 7 is counting

(3) Bit 5—Counter Start 6 (STR6): Starts and stops the counter in channel 6.

Bit 5

STR6 Description

0 Timer counter 6 is halted (Initial value)
1 Timer counter 6 is counting

(4) Bit 4—Counter Start 5 (STR5): Starts and stops the counter in channel 5.

Bit 4

STR5 Description

0 Timer counter 5 is halted (Initial value)
1 Timer counter 5 is counting
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(5) Bit 3—Counter Start 4 (STR4): Starts and stops the counter in channel 4.

Bit 3

STR4 Description

0 Timer counter 4 is halted (Initial value)
1 Timer counter 4 is counting

(6) Bit 2—Counter Start 3 (STR3): Starts and stops the counter in channel 3.

Bit 2

STR3 Description

0 Timer counter 3 is halted (Initial value)
1 Timer counter 3 is counting

(7) Bit 1—Counter Start 2 (STR2): Starts and stops the counter in channel 2.

Bit 1

STR2 Description

0 Timer counter 2 is halted (Initial value)
1 Timer counter 2 is counting

(8) Bit 0—Counter Start 1 (STR1): Starts and stops the counter in channel 1.

Bit O

STR1 Description

0 Timer counter 1 is halted (Initial value)
1 Timer counter 1 is counting
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11.7 H8/500 CPU Interface

Some |PU registers can be accessed 16 bits at atime, while others are limited to eight-bit access.
These two types of registers differ in their write timing, as explained next.

11.7.1 16-Bit Accessible Registers

The timer counters (TCNT), general registers (GR), and dedicated registers (DR) are 16-bit
registers. The H8/500 CPU can access these registers aword at atime using a 16-bit data bus.
Byte accessis aso possible.

Figure 11-5 shows an example of word write timing to atimer counter. Figure 11-6 shows an
example of byte write timing to atimer counter.

A19-Ag

Internal write
signal

Internal data !
bus

New value

Timer counter
value

|
|
New value

Figure11-5 Exampleof Word Write Timing for Timer Counter
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A19-Ao

Internal write
signal

Internal data :>—< " New value / HH New value | ()*
bus ) | 1 \\‘ | X | \\‘ !

Timer counter
value

: : e : : :
Old value ! >< Lower byte only ><Upper byte only
1 7 ) ) 7 ; i i

Figure11-6 Example of Byte Write Timing for Timer Counter

Read and Write Operations: Timer counters, general registers, and dedicated registers can
be written and read aword at atime or abyte at atime. Figure 11-7 illustrates word read/write
operations. Figure 11-8 illustrates upper byte read/write operations. Figure 11-9 illustrates
lower byte read/write operations.

On-chip
data bus 16 16 Module data bus
H8/500 CPU _Bus
interface
8 8
High Low
address address

Figure11-7 Word Read/Write Operations
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On-chip

data bus 16 16 Module data bus
H8/500 CPU _Bus
interface
8
High Low
address address
Figure 11-8 Upper Byte Read/Write Operations
On-chip
data bus 16 16 Module data bus
H8/500 CPU _Bus
interface

High
address

Low
address

Figure11-9 Lower Byte Read/Write Operations
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11.7.2 Eight-Bit Accessible Registers

The IPU’stimer control registers (TCRH, TCRL, and TCRA), timer status registers (TSRH and
TSRL), timer output enable registers (TOER), timer mode register A (TMDA), timer mode
register B (TMDB), and timer start register (TSTR) are eight-bit registers. The H8/500 CPU
accesses these registers a byte at atime using an eight-bit data bus. If an instruction specifies
word size, two registers are accessed at consecutive addresses, upper byte (even address) first and
lower byte (odd address) second.

Figure 11-10 shows an example of byte write timing to atimer control register. Figure 11-11
shows an example of write timing to atimer control register by an instruction specifying word
operand size.

l<—>i<—>i<—>i
° M

A19-Ag >< Timer control register address ‘

Internal write
signal

Internal data ‘ N | ‘
bus ew value!

I
|
Timer control !
I
|

Old value

register value

Figure11-10 Example of Byte Write Timing for Timer Control Register
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A19—Ao X TCRH address >< T

-0 |-----T
A
-
Q
Q.
=3
@
-~ -
(%]

signal

Internal data >_<
bus j

Timer control |
register value !

Internal write

New value ( >—

Old value 3 >< ' Updated TCRH | XUpdatedTCRL

Figure11-11 Exampleof Write Timing for Timer Control Register by Instruction
Specifying Word Operand Size

¢ Read and Write Operations. Table 11-6 lists the byte-accessed registers. Figure 11-12
illustrates upper byte read/write operations. Figure 11-13 illustrates lower byte read/write
operations.

Table 11-6 Eight-Bit Access Registers

Abbreviation

Name Byte Access Word Access
Timer control registers (high) TCRH TCR Upper
Timer control registers (low) TCRL Lower
Timer status registers (high) TSRH TSR Upper
Timer status registers (low) TSRL Lower
Timer output enable registers TOER TOER Upper
Timer mode registers TMDR TMDR Lower
Timer start registers TSTR TSTR Upper
T1CRB Lower
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On-chip

databus 8 8 Module data bus
H8/500 CPU _Bus
interface
8
High Low
address address
Figure11-12 Upper Byte Read/Write Operations
On-chip
databus 8 8 Module data bus
H8/500 CPU _Bus >
interface

High
address

Low
address

Figure11-13 Lower Byte Read/Write Operations
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11.8 Examplesof Timer Operation

The 16-bit integrated-timer pulse unit (IPU) has several application-oriented operating modes.
These are outlined and examples are given below.

11.8.1 Examplesof Counting

When astart (STR) bit in the timer start register (TSTR) is set to 1, the corresponding counter
starts counting from H'0000. There are two counting modes: a free-running mode and a periodic
mode. Figure 11-14 shows the procedure for selecting the counting mode.

Procedurefor Selecting Counting M ode

Counting mode
selection

| STR bit=1 | (L (1) Set the counter's STR bit in
TSTRto 1.

(2) Periodic counter: Set the
count period in a dedicated or

( Periodic counter ) Free-running general register and select
counter the clear source in TCRH.

(3) Free-running counter: No

| Set period in DR or GR | 2 3 need to set count period or
select clear source.

Select clear source
CCLR #00

Y
<Periodic counter> <Free-running counter>

Figure11-14 Procedurefor Selecting Counting M ode
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Counter Operation: Figure 11-15 illustrates counter operations.

CCounter operation)

No
STR=17?

Yes (1)

Hold value

No

<Increment>

C Periodic counter )

Compare match?*

Yes 2

Free-running
counter

Overflow?

CMF/IMF = 1 @| |

TCNT ~ 0 @|

Note: * TCNT = count period

@ When an STR bit is

set to 1, the
corresponding
counter starts
counting up.

(2) Periodic counter:

After incrementing,
the counter value is
checked against
the count period.

@ Periodic counter: If

the counter value
matches the count
period, the CMF or
IMF bit in TSRL is
setto 1.

(4) Free-running

counter: After
incrementing,
counter overflow is
checked.

(5) Free-running

counter: If the
count has
overflowed, the
OVF bit in TSRL is
setto 1.

(6) The timer counter

is reset and starts
counting up again
from zero.

Figure11-15 Counter Operation
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A reset leaves the IPU in free-running mode. Figure 11-16 shows an example of free-running
counting. The counter starts from H'0000, counts up to H'FFFF, then returns to H'0000, at which

point the OVF flag is set in timer status register high (TSRH). Counting then continues from
H'0000.

If compare match is selected as a counter clear source, the IPU operatesin periodic counting
mode. Figure 11-17 shows an example of periodic counting. The counter starts from H'0000 and
counts up to H'8000. At this point a compare match with DR2 occurs, so the CMF2 flag in TSRH
isset to 1 and the counter is automatically cleared. Counting then continues from H'0000.

Timer —45 (::
counter value —S( H'0000 X H'0001 X ) H'FFFE X H'FFFF X( H'0000 X H'0001 X
((

STR bit

(TSTR) Counting starts when STR bit is setto 1
OVF flag
(TSRH) (

Overflow flag (OVF) is set
when count changes from
H'FFFF to H'0000

Figure11-16 Free-Running Counter Operation

Timer —5 (¢
counter value_s( H'0000 X H'0001 X p x H'7FFF X*X H'OOOOX H'0001 X H'0002 X
(

STR bit gp § ( -
kL
(TSTR) Counting starts when STR bit ’> // Note: * H'8000

CMF2 flag issetto 1 .

(TSRH) o Compare match with DR2 sets
compare match flag 2 (CMF2)
and clears counter

DR2 value H'FFFF X N H'8000

Cycle length H'8000 is set in DR2

Figure11-17 Periodic Counter Operation
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11.8.2 Selection of Output Level

Compare match signals can be output in three modes: high, low, or toggle. Figure 11-18 shows
the procedure for selecting the output level.

Procedurefor Selecting Output L evel

( Output selection )

(1) Select the counting mode.

(2) Set a value in a dedicated or general register to
@ select the pulse output time.

Select counting mode

@ Low output: To have the output go low at
compare match, set the GOE or DOE bits in
the timer output enable register (TOER) to 01.

Set compare value @

in DR or GR @ High output: To have the output go high at

compare match, set the GOE or DOE bits in
TOER to 10.

@ Toggle output: To have the output toggle at
compare match, set the GOE or DOE bits in
TOER to 11. Toggle output is available only
on channels 4 and 5.

C Low output )@ C High output )@ C Toggle output )@

GOE/DOE = 01 GOE/DOE = 10 GOE/DOE =11
(channel 4 or 5)
<Waveform output> <Waveform output> <Waveform output>

Figure11-18 Procedurefor Selecting Output Level

321



Waveform Output Operation: Figure 11-19 illustrates waveform output operations.

(Waveform output)

<Compare match>

(1) CMF or IMF bit in timer status register
low (TSRL) is set to 1 at compare match.

@

Waveform is output according

to setting of timer output enable

@ register (TOER).

| CMF/IMF =1

| @

( Low output )

( High output )

( Toggle output )

Y

o

@

_

©)

@

o
_

Pin level
(low output)

Pin level
(high output)

Pin level
(toggles between low and high)

Figure11-19 Waveform Output
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Figure 11-20 shows examples of waveform output on channel 4. High output is selected from
T410C4, low output from T410C,, and toggle output from T40C,;.

High output is selected by setting bits GOE11 and GOE10 to 10 in the channel 4 timer output
enable register (TOER). The IPU drives T41OC; high when the counter matches the value in GR1
(H'0001). Low output is selected by setting bits GOE21 and GOE20 to 01 in the channel 4 TOER.
The IPU drives T410C, low when the counter matches the valuein GR2 (H'0003). Toggle output
is selected by setting bits DOE11 and DOE10 to 11 in the channel 4 TOER. The IPU toggles
T40C; when the counter matches the valuein DR1 (H'0004). The counter is cleared when the
count matches the value in DR2 (H'00FF).

If high or low output is selected, when compare match occurs, and if the pin is aready at the
selected output level, the output level does not change.

o Settings

— TOER (channel 4): H'36
— TCRL (channel 4): H'EO (clear on TADR2 compare match)

‘ Note: * 0OFF
Timer counter
value 0001X0002><0003 0004X:§:XOOFE Jooog) 0001 Y 0002) 0003 ooo4><:
h}\ : : \ 1
GR1 value 3 ! ! H'0001 : !
N | | | !
[Output | | | 1
GR2 value '|goes I HO0003 | 3
1 high at ! ] Counter is .
S coTphare LA .| cleared at
DR1 value mz/a ¢ ) H'0004 " | compare match
I I W |
f / Output | : : /T
DR2 value [lgoes || HOOFF | |
[ |lowat | v
'/ |compare|! | |
T410C; S_mach | 3
(GOE11/10 = 11) ; ; |
! ! Output toggles at !
T410C, } compare match !
(GOE21/20 = 01) tb i — :

T40C;
(GOE11/10 = 10) @ \( i )

Figure11-20 Example of Waveform Output on Channel 4
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11.8.3 Input Capture Function

The counter value can be captured into a register when atransition occurs at an input capture pin.
Capture can take place on the rising edge, falling edge, or both edges. Figure 11-21 shows the
procedure for selecting the input capture function.

Procedurefor Selecting Input Capture Mode

( Input selection ) (1) select the counting mode.

‘ @ Capture on rising edge: To capture on the rising
- edge of the capture input signal, set the IEG bits in
| Select counting mode | @ timer control register low (TCRL) to 01.

@ Capture on falling edge: To capture on the falling
edge of the capture input signal, set the IEG bits in
TCRL to 10.

@ Capture on both edges: To capture on both edges
of the capture input signal, set the IEG bits in TCRL
to 11.

| |
( Rising edge ) ( Falling edge ) ( Both edges )
| | |

| IEG =01 | | IEG =10 | | IEG =11 |
| | |
Pin level @ Pin level @ Pin level @
(low input) (high input) (low or high input)

o
I I o

_

| | |

<Capture> <Capture> <Capture>

Figure11-21 Procedurefor Selecting Capture Input Mode
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Capture Operation: Figure 11-22 illustrates input capture operations.

< Capture operation > @The capture pin is monitored, and when
the edge selected by the IEG bits in
timer control register low (TCRL) is

detected, the IMF bit in timer status
register low (TSRL) is set to 1.

A

<Edge detect> @ The counter value is transferred to and
‘ held in a general register (GR).

| IMF bit = 1 |®

| Counter value - GR | 2

Figure11-22 Capture Mode Operation
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Figure 11-23 shows an example of pulse input capture at T110C;, T110C,, and T11OC5 on

channel 1.

Therising edge of TLIOC; is selected by setting bits IEG11 and IEG10 to 01 in channel 1 timer
control register low (TCRL). The IPU transfers the counter value (H'0001 and H'0100) to GR1 on
therising edge of the T1I1OC, input. The falling edge of T1IOC, is selected by setting bits IEG21
and IEG20 in channel 1 TCRL to 10. The IPU transfers the counter value (H'0002 and H'0102) to
GR2 on the falling edge of the T11OC, input. Therising and falling edges of T110C5 are selected
by setting bits IEG31 and IEG30 in channel 1 timer control register A (TCRA) to 11. The IPU
transfers the counter value (H'0004) on the rising edge and the value (H'0104) on the falling edge

of the TLIOC; input to GR3.
e Settings

— TCRL: H'89
— TCRA:HF3

et e 10001f0002) 0003} ooo4><:7;x 0100)(0101)0102) 0103) 01040105 )

\ AN

\

GRlvalue  H ooooX% H 03001 \ X H'0100 \
IR N
GR2value  H0000 X Hooo2 | | oz | |
3 IR 1
GR3value ~ H0000 \  Hooos H0104

T110C, :
(IEG11/10 = 01) gj : @
T1l0C, !

(IEG21/20 = 10) ]

T110C; @
(IEG31/30 = 11)

Figure 11-23 Example of Input Capture on Channel 1
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Figure 11-24 shows an example of input capture timing on channel 2. The IPU latches the input
capture signal input at the T2IOC, pin on the rising edge of the system clock (8). One system
clock cycle (1.0tcy c) after theinput capture signal is latched, the counter value (n + 1) is
transferred to T2GR1. The IMF1 flag in timer status register low (TSRL) is set 1.5tcy ¢ after the
input capture signal is latched.

The pulse width of the input capture signal must be at least 1.5tcy .

Note: trics: 50 ns (min)

trics

—
T210Cq |

Internal capture

signal !
TCNT2 n X 1
1

((
T )]

T2GR1 HFFFF  (Initial vaIue)X n+1 ) X m+
| | ))

IMF1

(channel 2) /7 ..... /_

Figure11-24 Capturelnput Timing
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11.8.4 Counter Clearing Function

A counter can be cleared by input capture or compare match. When compare match is selected as
acounter clear source, the count repeats cyclically from H'0000 to the value in the compare
register. When input capture is selected as a counter clear source, the counter can be cleared at
intervals determined by external events. Figure 11-25 shows the procedure for selecting the
counter clear source.

Procedure for Selecting Counter Source

Selection
of clear source (1) Clear on compare match:
To clear the counter on

compare match, set the
clear period in a dedicated
or general register, then
Compare match ) (1) set the CCLR bits in TCRL
to 01 or 10.* (The counter
operates as a periodic

Set period in DR or GR | Select edge(s) counter.)

‘ (2) Clear on capture:
To clear the counter by
— *
| CCLR =01 (IEG # 00) input capture, select the
input edge or edges in

Set CCLR = 01 (IEG = 00)

or CCLR = 10*
TCRL, then set the CCLR
bits to 01.*

<Counter clear> <Counter clear> Note: * Channels 2 to 7.

Figure11-25 Procedurefor Selecting Counter Clear Source

Counter Clear Operation: Figure 11-26 illustrates the counter clear operation.

( Counterclear )

@ When the counter clear source condition occurs,
TCNT is reset to 0 and starts counting up again.
If capture is selected, the counter value is first

<Clear condition satisfied> captured to a register, then the counter is cleared.

TCNT < 0 |®

Figure11-26 Counter Clearing Operation
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Figure 11-27 shows an example of counter clearing on channel 4.

In this example the channel-4 counter is cleared by input capture at T4lOC,. This clear condition
is selected by setting CCLR1 and CCLRO in channel 4 timer control register low (TCRL) to O1.
Therising edge is selected by setting IEG11 and IEG10to 01. The IPU transfers the counter
value (H'0003) on therising edge of the T410C; input to GR1, then clears the counter.

To clear the counter on DR2 compare match, set CCLR1 and CCLROto 10in TCRL.
e Settings

— TCRL (channel 4): H'D4 (to clear on input capture to T4AGR1)
— TCRL (channel 4): H'EO (to clear on compare match with T4ADR2)

Counter cleared by
input capture

H'0003 /oooo :
Timercounter ¥ o1 000z | | XOOOlX::iXOOFEX*X Y 0001)0002)(0003) 0004}

value
| \ 3
| |
|

0000

GR1 value H'0000 X H'0003
1 Counter cleared by
1 compare match
DR2 value } H'00FF
T410C, @
(IEG =01) Note: * H'OOFF

Figure 11-27 Example of Input Counter Clearing on Channel 4
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11.8.5 PWM Output Mode

Channels 1, 2, 3, 6, and 7 can be used as pul se-width modulators. Channel 1 can provide three-
phase PWM output, channels 2 and 3 can provide two-phase PWM output, and channels 6 and 7
can provide single-phase PWM output. Figure 11-28 shows the procedure for selecting PWM
output mode.

Procedurefor Selecting PWM Mode

PWM mode
selection

Set cqmggr/(é\éalues @ @ First set the counting period, pulse set time, and
n pulse reset time in dedicated (DR) or general (GR)
‘ registers.
Select periodic counting 2 (2) Select periodic counting and the counter clear

(CCLR # 00) source by setting the CCLR bits in timer control
register low (TCRL).

PWM bit =1 | @ @ Set the PWM bit in timer mode register B
(TMDRB) to 1.

<PWM mode>

Figure11-28 Procedurefor Selecting PWM Output Mode
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PWM Output Operation: Figure 11-29 illustrates PWM output operations.

PWM output* @u phase set time:
The GR1 value is

constantly compared
with the TCNT value.

(2) U phase reset time:
The GR3 value is
constantly compared

| GR1: TCNT | | GR3: TCNT | with the TCNT value.
€ @ (3) GR1-TCNT compare
- match generates a U
- phase set command.
<Compare match> <Compare match> @ GR3-TCNT compare
\ ‘ match generates a U

| U phase set command | | U phase reset command | phase reset

@ @ command.

(5) Contention decision:
Contention between
Output remains___| U phase set and

unchanged reset commands is
@ tested; if contention

occurs, the output

Yes

Contention?

<U phase set or reset> level remains
¢ unchanged.
(®) (6) If there is no set-

reset contention, the
U phase 1 output is set or reset.
Note: * Channel 1:
Example of U

phase in 3-phase
PWM output.

Figure11-29 PWM Output Operation
Figure 11-30 shows an exampl e of three-phase PWM output on channel 1.

The U phaseisoutput at the TLIOC, pin. The V phaseis output at the T1IOC, pin. The W phase
is output at the T1OC, pin. The IPU sets T110C; when the timer counter matches GR1 (H'0001),
and resets T11OC, when the timer counter matches GR3 (H'00FE). The IPU sets T110C, when
the timer counter matches GR2 (H'0002), and resets T110C, when the timer counter matches GR4
(H'0OOFD). The IPU sets T11OC; when the timer counter matches DR1 (H'0003), and resets
T1I0C3 when the timer counter matches DR3 (H'00FC).

The IPU clears the counter when the timer counter matches DR4 (H'00FF).
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— TMDRB: H'C1 (PWM output on channel 1)
— TCRL: H'FO (clear on T1DR4 compare match)

— TCRA: H'FO

Settings
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8
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o
o
S
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B giuiinininil ik fniuiuls Il mi -1t r-t+1ttrt+—-—1T-
—
o
S
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o
S
= \j
L I O ! L o e I e e Y AP [
j _.\V_/
. ly s 9 3 « 3 = o % )
Q o 0 - 7] [ 3] I o -0 N0 a
2 [ o Q o » 2 2 Q% (G4 5 &8
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3 S S S S o >3 39 59 Os O s oL
) s 2 T 2 S 2 S 2 S @ S o T < =5 =S ==
. >a > > > @ > 2 > e >s =2 = =2
L 3 g Mo N 5 < 5 - o M o < W
Ex 1, X 5 oo xS x = X = Xz
= > o= 0= [ORS (O ns ns (AR

Note: * H'OOFF

Figure11-30 Example of Three-Phase PWM Output on Channel 1
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In PWM mode the compare registers are paired: one register sets the pulse; the other register
resets the pulse. The counter should be set to periodic counting mode. Table 11-7 indicates the

register pair assigned to each output pin.

Table 11-7 Output Pinsand Register Pairs

Channel Output Pin Set Reset PWM Period
1 T110C, GR1 GR3 DR2, GR3, DR4
T1I0C, GR2 GR4
T10C, DR1 DR3
2 T210C, GR1 DR1 DR2
T210C, GR2 DR2
3 T3I0C, GR1 DR1 DR2
T3l0C, GR2 DR2
6 T610C, GR1 GR2 GR2
7 T710C, GR1 GR2 GR2
Usage Notes
1. In PWM output mode, the output levels of PWM output pins cannot be set in the timer output
enable register (TOER). Any output level settings made will be ignored.
2. Settings of the IEG bitsin timer control register low (TCRL) are valid in PWM output mode.
The IEG bits must be cleared to 0.
3. In PWM output mode, periodic counting should be used by selecting a counter clear sourcein

TCRL. Table 11-7 lists the registers that can set the PWM period in each channel.
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11.8.6 Synchronizing Mode

In synchronizing mode two or more timer counters can be rewritten or cleared simultaneously.
Figure 11-31 shows the procedure for selecting synchronizing mode.

Procedurefor Selecting Synchronizing Mode

Selection of (1) Set desired SYNC bit(s) in TMDRA
synchronizing mode to 1.

(2) synchronized preset: Enabled by
setting a SYNC bitto 1.

| SYNC bit = 1 |@

@ Synchronized clear: A function that
clears one counter in synchronization
with another counter.

Synchronized Synchronized (4) Master: Select the clear source.
preset clear

@ @ @ Slave: Select synchronized reset
(CCLR =11).

Master or slave? Slave

Master

Select clear source: Select synchronized clear:
CCLR bits = 00, 01, or 10* CCLR bits = 11*
Y
<Synchronized preset> <Counter clear> <Synchronized clear>

Note: * Channels 2 to 7

Figure11-31 Procedurefor Selecting Synchronizing Mode
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Synchronized Operation: Figure 11-32 shows an example of synchronized operation of channels
2and 3.

@ When a counter clear
condition occurs on
( Counter clear ) channel 2, channel 3 is
commanded to clear in
synchronization.

<Clear condition satisfied>

(1) @ The counters in
- > channels 2 and 3 are
(Synchronlzed cIear) 3) cleared simultaneously.
| TCNT2 < 0 2 | | TCNT3 -0 (3 |

4 Note: * Example of synchronized

operation of channels 2 and 3

Synchronizing
preset*
<Write> @

Synchronizing preset:

Writing to channel 2 or

3 writes the same

@ value simultaneously
into both counters.

TCNT2 — DATA | | TCNT3 — DATA |

@ ®

Note: * Example of synchronized
operation of channels 2 and 3

Figure11-32 Example of Synchronized Operation of Channels2 and 3
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Figure 11-33 shows an example of the synchronization of timer counters 2 and 3.

Timer counters 2 and 3 are synchronized by setting the SYNC1 bit in timer mode register A
(TMDRA) to 1. Thetimer counters are synchronously preset by writing a new value to either
timer counter 2 or 3; the IPU simultaneously writes the same value in the other timer counter.
Synchronized clearing is selected by setting CCLR1 = CCLRO = 1 as the clear source for timer
counter 3. The IPU clearstimer counters 2 and 3 simultaneously when timer counter 2 matches
T2GR1 (H'00FF).

e Settings

— T2GR1: H'00FF

— TMDRA: H'02 (SYNC1=1)

— TCRL (channel 2): H'DO (clear at compare match with T2GR1)
— TCRL (channel 3): H'FO (enabling synchronized clearing)

Write to TCNT2 TCNT2 and TCNT3
and TCNT3 are simultaneously
Write to Write to (synchronizing cleare9 by compare
TCNT2 TCNT3 preset) match*2
0000

;i?aff; gountef Xoooo 0001><0002X:::>< XOOOE/XOOMEUOOFEX]Xf j)( 0001X:
;iyairjgounter X n n + 1Xoooo><:i5_><m + 2><0000>< 0001X:S5FXOOFEX1X\ XOOOIX:

0000

T2GR1 value ) ,
(channel 2) H'FFFF X H'00FF )
TMDRA value H'0000 X H'0001 (SYNC1 =1)

Synchronization of timer

counters 2 and 3 enabled

Timer counter 2 Timer counter 2 and timer
—_— —_—

and timer counter counter 3 operate in
3 are not synchronized synchronization

Notes: 1. H'OOFF
2. Set CCLR1 = CCLRO = 1 (synchronized clearing)
as the clear source for timer counter 3.

Figure 11-33 Example of Synchronization of Timer Counters2 and 3
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11.8.7 External Event Counting

The IPU has three external clock input pins. If external event signals are input at these external
clock input pins, external events can be counted. The counter can be set to increment on the rising
or falling edge, or on both edges of the external clock signal. The value of an externally clocked
counter can be captured at regular intervals to measure external event frequencies. Figure 11-34
shows the procedure for selecting external event counting mode.

Procedurefor Selecting External Event Counting Mode

(1) Set the TPSC bits in timer control register high (TCRH) to
( Input selection ) select an external clock.
@ Count on rising edge: To count rising edges of the

external clock signal, set bits CKEG1 and CKEGO to 00

in TCRH.

| Select external clock | ® (3) Count on falling edge: To count falling edges of the
external clock signal, set bits CKEG1 and CKEGO to 01
in TCRH.

@ Count on both edges: To count both rising and falling
edges of the external clock signal, set bits CKEG1 and
CKEGO to 10 or 11 in TCRH.

@ Counting starts when the corresponding STR bit in the
timer start register (TSTR) is set to 1.

( Rising edge ) Falllng edge m

CKEG1/0 =00 CKEG1/0 =01 CKEG1/0 =10, 11
| C) | () | C)
Pin level Pin level Pin level

(high input) (low input) (low or high input)
| ! |
f } or

| STRbit=1 |
l ®

<Increment>

Figure11-34 Procedurefor Selecting External Event Counting M ode
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External Event Counting Operation: Counting operations are the same as for an internal clock.
For details, see section 11.8.1, “Examples of Counting.”

Figure 11-35 shows an example of external event counting.

In this example timer counters 1, 2, and 3 count external event inputsat TCLK;. In channdl 1, the
rising edge of TCLK is selected by setting the CKEG1 and CKEGO bitsin TCRH to 00. The
IPU countsrising edges of TCLK;. In channel 2, the falling edge of TCLK; is selected by setting
the CKEG1 and CKEGO bitsin TCRH to 01. The IPU countsfalling edges of TCLK. In channel
3, both edges of TCLK; are selected by setting the CKEG1 and CKEGO bitsin TCRH to 10 or 11.
The IPU counts both rising and falling edges of TCLK.

e Settings

— TCRH (channel 1): H'CD (count rising edges)
— TCRH (channel 2): H'DD (count falling edges)
— TCRH (channel 3): H'ED or H'FD (count both rising and falling edges)

Incremented on rising
edge of TCLK;

Timer counter 1 \—
value (CKEG = A H0001
00)

X H'0003

Incremented on falling
: edge of TCLK;

Timer counter 2 - ‘ ‘
value (CKEG = | H0000

L

H'0006 X H'0007 X:

01) Incremented on both

edges of TCLK;

T
S
o
S
'_\

H'0002 | Y Ho0003

Timer counter 3
value (CKEG = X H'0001 £ H'OOOZX H'OOOSX H'OOO4X1 H'OOOSX
10 or 11) ! | | |

Figure 11-35 Example of External Event Counting
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Figure 11-36 shows an example of external clock input timing.

The IPU latches external clock signals (TCLK; to TCLK3) on the rising edge of the system clock
(9). TCNT2isincremented 1.5 system clock cycles (1.5tcy ) after the external clock is latched.
The pulse width of the external clock signal must be at least 1.5ty c.

trcks: 50 ns (min)

trcks
—_—

(= ™~ |
TCLKy3 7* ‘ T\ |
B Minimum width: 1.5tcyc - 1
Internal counter
clock ‘ (C

! )) i
| )()( |

TCNT2 n X n+1 ((X m ‘m+1
)) !

Figure11-36 External Clock Input Timing
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11.8.8 Programmed Periodic Counting M ode

In programmed periodic counting mode, the value of an externally clocked counter is captured
into a general register by compare match on a different channel. No external input capture signal
isneeded. Figure 11-37 shows the procedure for selecting programmed periodic counting mode.

Procedurefor Selecting Programmed Periodic Counting Mode

CSetup procedure ) (1) Channel 6: Select
external event
(channel 6) ‘ (channel 2) counting mode.

Select the external
clock and edge or
External event Measurement edges in timer control
register high (TCRH).
(2) Channel 2: Select the
| Select external clock | | Select clock source | period for measuring
‘ ‘ channel 6. Select the
clock source in TCRH,
| Select edge(s) | Set measurement then set the measure-
interval in DR2 ment period in DR2.

‘ Select DR2 compare
match as the counter
clear source in timer
‘ control register low
‘ (TCRL).

— (3) Atter setting up
| MD2-6 bit = 1 | @ channels 2 and 6, set

| the MD2-6 bit in

| STR bits = 1 | @ TMDRA to 1.

(4) Operation begins
when the STR2 and
STRG bits are setto 1

<Programmed periodic counting mode> in the timer start

register (TSTR).

@

|Se|ect counter clear source |

Figure 11-37 Procedure for Selecting Programmed Periodic Counting M ode
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Programmed Periodic Counting Operation: Figure 11-38 shows the programmed periodic
counting operation.

Programmed

periodic counting

(channel 6)

A

<Edge detect>

(channel 2)

<Increment>

TCNT ~ TCNT+1 ®| <Compare match>
| /@/| TCNT -0 (@)

<Capture>

TCNT6 -~ GR1 @|

]

@ Channel 6: Counts
external events.

(2) Channel 2: Counts
the measurement
period and
generates
compare matches.

(3) When a compare
match occurs on
channel 2, the
counter value in
channel 6 is
captured to GR1.

(4) The channel 2
counter is cleared
to 0 and starts
counting a new
measurement
period.

Figure 11-38 Operation in Programmed Periodic Counting M ode
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Figure 11-39 shows an exampl e of programmed periodic counting. Table 11-8 lists the possible
combinations of compare-match channels and capture channels.

In this example external events are counted over a programmed period using channels 2 and 6.
The IPU automatically transfers the value of timer counter 6 (H'0012) to T6GR1 when timer
counter 2 matches T2DR2 (H'0100). Timer counter 2 is set to be cleared by compare match with
T2DR2.

e Settings

— TCRL (channel 2): H'EO (cleared by compare match with T2DR2)
— TCRH (channel 6): H'ED or H'FD (increment on both rising and falling edges)
— TMDRA: H'10 (capture to T6GR1 on compare match with T2DR2)

Timer counter 2 Yy, @ 0002{0003}0004
value

T2DR2 value
(channel 2)

H'0100

by compare match
TCLK, J ' j—T L
(
Timer counter 6 / ‘
H'0000 H'0001 H'0010 H'0011 H'0012
value (

|
|

|

)

:

- |

Counter is cleared !
|

|

|

|

|

)
Timer counter 6 value is captured 1
T6GR1 value ) to T6GR1 on compare match in )
(channel 6) H'FFFF channel 2 H'0012
TMDRA value H'00 X H'10 (MD2-6 = 1)

Note: * H'0100

Figure11-39 Example of Programmed Periodic Counting
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Table 11-8 Combinations of Compare Match Channelsand Capture Channels

Compare Match Channel Capture Channel

Channel No. Register Channel No. Register
MD2-6 Channel 2 DR2 Channel 6 GR1
MD3-5 Channel 3 DR2 Channel 5 GR1
MD4-7 Channel 4 DR2 Channel 7 GR1
MD6-7 Channel 6 GR2 Channel 7 GR2

11.8.9 Phase Counting Mode

One application of phase counting mode is control of an AC servo motor. If the output of atwo-
phase encoder is fed to two external clock pins, the phase relationship between the two clock
signalsis detected and the counter isincremented or decremented accordingly. Phase counting is
available only on channel 7. Figure 11-40 shows the procedure for selecting phase counting
mode.

Procedure for Selecting Phase Counting Mode

C Mode selection )

| ._ | @ @Set the MDF bit to 1 in timer mode
MDF bit = 1 register B (TMDRB) to select
‘ phase counting mode.
| STR7 bit= 1 | @) (2) Counting begins when the STR7

bit is set to 1 in the timer start
register (TSTR).

<Increment or decrement>

Figure11-40 Procedurefor Selecting Phase Counting Mode
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Phase Counting Operation: Figure 11-41 shows the phase counting operation.

( Phase counting )

| Phase comparison @|
TCLK, TCLK, High
TCLK, High TCLK, l
or or
TCLK; f TCLK; Low
TCLK2 Low TCLK2
<Decrement> <Increment>
No No
Yes @ Yes
OVF ~ 1

(1) The phases of TCLK;
and TCLK, are
compared.

The channel 7 counter
@ is incremented or
@ decremented according
to the counting
conditions.

@ When an overflow or
underflow occurs, the
OVF bit in timer status
register low (TSRL)
is set to 1.

Figure11-41 Operation in Phase Counting M ode
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Figure 11-42 shows an example in which the counter counts up, overflows, then counts down.

In up-counting, the counter counts repeatedly from H'0000 to H'FFFF. The IPU sets the overflow
flag (OVF) in timer status register low (TSRL) when the count returns from H'FFFF to H'0000.
For the up/down counting conditions, see figure 11-44 “Counting Conditions’ and table 11-9
“Up/Down Counting Conditions.”

Counting
down

Counting up -

;i\r/“a?lzgoumer :XOOOOX0001X0002Xj:XFFFEXFFFFXOOOOX0001X ooozXoomXooooX:
TCLK> mg 1‘
CL O I S R N

OVF flag
(TSRL)

Overflow flag (OVF) is setto 1
when count changes from
H'FFFF to H'0000

Figure 11-42 Example of Up-Counting, Overflow, and Down-Counting

345



Figure 11-43 shows an example in which the counter counts down, underflows, then counts up.

In down-counting, the counter counts repeatedly from H'FFFF to H'0000. The IPU setsthe
overflow flag (OVF) in timer status register low (TSRL) when the count returns from H'0000 to
H'FFFF. For the up/down counting conditions, see figure 11-44 “ Counting Conditions’ and table
11-9, “Up/Down Counting Conditions.”

Counting down - Couun;ing .

;i\’;“aell:goumer :XOlOOXOOFFXOOFEXj;;XOOOlXOOOOXFFFFXFFFEXFFFDXFFFEXFFFFX:
TCLK; _f { f 1 f

OVF flag
(TSRL) @\

Overflow flag (OVF) is setto 1
when count changes from
H'0000 to H'FFFF

Figure 11-43 Example of Down-Counting, Underflow, and Up-Counting
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Figure 11-44 shows the counting conditions. Table 11-9 indicates the up- and down-counting

conditions. The IPU counts all edges of TCLK; and TCLKo.

Counter value
A

/

Counting up

Timer counter 7

Counting down

TCLK, j
1

TCLK,

b
!

v |

Figure11-44 Counting Conditions

Table 11-9 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting
TCLK, Y High EA Low ) Low K2 High
TCLK, Low 4 High R2 High 4 Low KX
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Figure 11-45 shows the external clock input timing in phase counting mode.

The IPU latches the external clock signals on the rising edge of the system clock (). The counter
isincremented 1.5 system clock cycles (1.5tcy c) after the external clock is latched.

The external clock pulse width must be at least 1.5 system clock cycles (1.5tcy ). The phase
difference between TCLK and TCLK, must be at least 1.0tcy c.

tTCKS: 50 ns (mln)

a

trcks
\4> I
[ T LT A |
TCLK1 ] ‘ Minimum width: L ;
1.5tcve | — 1
- ; ; Minimum phase !
Minimum phase \ ! ! difference: !
difference: trcks: ; 1.0tcyc |

~1.0tcyc™ T !

TCLK2

Internal counter
clock /

TCNT2 n

Figure11-45 External Clock Input Timingin Phase Counting M ode
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11.9 Interrupts

The IPU can request three types of interrupts: compare match, input capture, and overflow. The
timing of each type of interrupt request is described next.

11.9.1 Interrupt Timing

(1) Output Compare Timing: Figure 11-46 shows the timing from counter increment to
generation of acompare match interrupt request. One system clock cycle (1.0tcy ) after timer
counter 2 matches the T2GR1 value (N), the IPU sets the input capture/compare match flag
(IMF). A compare match signal (T210C,) isoutput 0.5tcy ¢ after IMF isset. The interrupt
request (T2IM11) is generated 0.5ty ¢ after the T210C; output. The T2IMI1 interrupt request
therefore comes 2.0ty ¢ after the counter isincremented to N.

2.0tcyc _
° U
Timer counter N_1 X N X N+1
2 value
Internal compare /——
match signal
=:I..Otcy(_j=
IMF2 (TSRL)
T210C; )
= 1.5tcyc .
T2IMI1
Compare match
interrupt request
T2GR1 N

Figure11-46 Timing from Incrementation to Compare Match Interrupt Request
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(2) Input Capture Timing: Figure 11-47 shows the timing from capture signal input to
generation of an input capture interrupt request. A maximum 1.5ty ¢ after input of the capture
signal, the IPU transfers the timer counter value (N) to T2GR1. The input capture/compare match
flag (IMF) is set 0.5tcy ¢ after theinput capture transfer. The interrupt request (T2IMI1) is
generated 1.0ty after IMF isset. The T2IMI1 interrupt request therefore comes a maximum
3.0tcy ¢ after input of the capture signal.

3.0tcyc (Mmax)

et alistictialiatiat

T210Cq

Timer counter X

2 value N )< N+1

Internal capture
signal

T2GR1

H

-

IMF2 (TSRL) 1.5tcyc (max)

2.0tcyc (max) .
T2IMI1

| Input capture
interrupt request

Figure 11-47 Timing from Capture Input to Input Capture Interrupt Request
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(3) Overflow Timing: Figure 11-48 shows the timing from counter increment to generation of an
overflow interrupt request. When the value of timer counter 2 returns from H'FFFF to H'0000 the
IPU sets the overflow flag (OVF). Theinterrupt request (T20V1) is generated 1.0tcy ¢ after OVF
IS set.

In phase counting mode, the IPU sets the overflow flag (OVF) when the timer counter value
returns from H'0000 to H'FFFF. For usage in phase counting mode, see section 11.8.9 “Phase
Counting Mode”

1.0tcyc
Timer counter — ) H'0000 X H'0001
2 value
OVF (TSRL)
T20VI

—— Overflow interrupt request —

Figure11-48 Timing from Counter Incrementation to Overflow I nterrupt Request
11.9.2 Interrupt Sourcesand DTC Interrupts

The IPU has 35 interrupt sources. Of these, the compare match interrupt sources and the compare
match/input capture interrupt sources can start the data transfer controller (DTC) to transfer data.
Table 11-10 lists the interrupt sources and indicates which can start the DTC.

The exclusive compare match interrupt sources (such as TICMI1 and TICMI2) are paired. Both
sources in each pair share the same vector. Datatransfer should not be enabled for both interrupt
sources at the same time.
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Table 11-10 Interrupt Sourcesand DTC Interrupts

Interrupt DTC Priority
Channel Source Description Available Order
1 T1IMI1 GR1 compare match or input capture Yes High
T1IMI2 GR2 compare match or input capture Yes A
T1CMI1/ DR1 or DR2 compare match Yes
T1CMI2
Ti0VI Timer counter 1 overflow No
T1IMI3 GR3 compare match or input capture Yes
T1IMI4 GR4 compare match or input capture Yes
T1CMI3/ DR3 or DR4 compare match Yes
T1CMI4
2 T2IMI1 GR1 compare match or input capture Yes
T2IMI2 GR2 compare match or input capture Yes
T2CMI1/ DR1 or DR2 compare match Yes
T2CMI2
T20VI Timer counter 2 overflow No
3 T3IMI1 GR1 compare match or input capture Yes
T3IMI2 GR2 compare match or input capture Yes
T3CMIL/ DR1 or DR2 compare match Yes
T3CMI2
T30VI Timer counter 3 overflow No
4 T4IMI1 GR1 compare match or input capture Yes
T4IMI2 GR2 compare match or input capture Yes
T4CMIL/ DR1 or DR2 compare match Yes
TACMI2
T40VI Timer counter 4 overflow No
5 T5IMI1 GR1 compare match or input capture Yes
T5IMI2 GR2 compare match or input capture Yes
T5CMIL/ DR1 or DR2 compare match Yes
T5CMI2
T50VI Timer counter 5 overflow No
6 T6IMI1 GR1 compare match or input capture Yes
T6IMI2 GR2 compare match or input capture Yes
T60OVI Timer counter 6 overflow No
7 T7IMI1 GR1 compare match or input capture Yes
T7IMI2 GR2 compare match or input capture Yes Y
T70VI Timer counter 7 overflow No Low
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11.10 Notes and Precautions

This section describes contention between the compare registers and various IPU operations, and
other matters requiring specia attention.

(1) Contention between Counter Read/Write by the H8/500 CPU and I PU Operations

Contention between Writing to Timer Counter by H8/500 CPU (T3) and Clearing by
Compare Match: Clearing the counter has priority.

T2 T3 If the internal write signal
- o o o followed the dotted line,
o \ \ a write would occur on the
falling edge of Ts.
A19-Ap >< Timer counter address ><
Timer counter N—1 >< N X H'0000
value

Internal counter
clear signal

Masked

The internal counter
Internal write \ / ; clear signal masks the
signal / write signal, so clearing
of the counter takes
priority. (The dotted

line shows the normal
write signal.)

Figure 11-49 Contention between Writing to Timer Counter by H8/500 CPU (T3) and
Clearing by Compare Match
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Contention between Writing to Timer Counter by H8/500 CPU (T3) and Clearing by
Capture I nput: Clearing the counter has priority.

If the internal write signal
LE followed the dotted line,
. a write would occur on the

|-
. \ \ /j/ [— falling edge of T3.
| —

A19-Ag X Timer counter address X

T1 T2

-t

A
Y

Input capture

in
P Capture input generates clear signal
Timer counter .
value N \ >< H'0000
Internal counter \
clear signal

Masked

The internal counter
Internal write \ / ; clear signal masks the
signad i / write signal, so clearing
of the counter takes
priority. (The dotted line

shows the normal write
signal.)

Figure11-50 Contention between Writing to Timer Counter by H8/500 CPU (T3) and
Clearing by Capture Input
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Contention between Timer Counter Write (T3) and Increment: Writing has priority.

A19-Ag >< Timer counter address ><
Internal write ‘
signal \ m / \ . .
! If HAAAA is set in

Internal data } a compare register,
bus —< Write data (H'AAAA) >— a compare match occurs

\ ‘ here.
Timer counter j )
value N \ X H'AAAA

Masked
Internal increment o fme \ . . .

! \ The internal write signal masks

signal K }L A g

. the increment signal, so writing
to the counter takes priority.
(The dotted line shows the
normal increment signal.)

Figure11-51 Contention between Timer Counter Write (T3) by H8/500 CPU and
I ncrement
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Contention between Timer Counter Write (T3) and Setting of Overflow Flag: Setting the
overflow flag has priority.

- T -l T2 -l T3 -
o \ L)_L_\_
A19-Ag X Timer counter address X

Internal write \ /
signal !
L”J:ma' data — Write data (HAAAA)  }——

Timer counter
value

HFFFF X H'AAAA

Overflow flag @\
(OVF)

Writing has priority, so if the write
occurs at the instant when the
count would have changed from
H'FFFF to H'0000, the overflow
flag (OVF) is not set.

Figure 11-52 Contention between Timer Counter Write (T3) by H8/500 CPU and
Setting of Overflow Flag
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Contention between Timer Counter Byte Write (T,) and Increment: If the writeisto the
upper byte, the new value is written in the upper byte and the lower byteretainsits old value. If
the writeisto the lower byte, the new value is written in the lower byte and the upper byte retains
itsold value. If the contention occurs at T3, however, the byte that is not written is incremented.

- T -l T2 -l Ts -
A19-Ag X Timer counter address X
Internal write \ /
signal ‘
Internal data . .
bus —< Write data (H'AA) >—
Timer counter ‘ \
value (upper H'EE >< H'AA
byte) )
Timer counter j
value (lower H'00 X H'01 >< H'00
byte)

Value prior to increment

Internal . )
increment 4/—\ is retained.

signal

Figure 11-53 Contention between Timer Counter Byte Write (T,) by H8/500 CPU
and Increment
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Contention between Capture Register Read (T 3) and Input Capture: The H8/500 CPU reads
the data prior to capture.

- T1 - T2 T3 -
° W i
A19-Ao >< Timer counter address X

Internal read \ /‘
signal |

/‘ Value prior to capture is read

Read data (H'FFFF
Internal data —< {( 1) )—

bus

Capture register H'EEEF X’ HAAAA
value 1

Input capture Data updated by input capture
pin ;

Figure 11-54 Contention between Capture Register Read (T3) by H8/500 CPU
and Input Capture
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Contention between Writing to General Register or Dedicated Register by H8/500 CPU (T3)
and Compare Match: Compare match does not occur.

Internal write signal
- T, . T . T3 has indicated
- > > > waveform.
& )/ Write occurs at fall
- \ \ of g in T3 state.

A19-Ao >< GR or DR address X

Internal write \
signal

Internal data —< Write data (H'0AOA) >—
bus /

Timer counter H'0A09 X/ H'0AOA

value

GR or DR value H'AAAA \ >< H'OAOA
Masked

Internal compare F---- |
. y Y
match signal / >

The internal write signal masks the compare
match signal, so compare match does not occur.
(Dotted line indicates normal compare match
signal.)

Figure11-55 Contention between Writing to General Register or Dedicated Register
by H8/500 CPU (T3) and Compare Match
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(2) Noteon Writing in Synchronizing Mode: After awritein synchronizing mode, al 16 bits of
all specified counters have the same value as the counter that was written. Thisistrue regardless

of the operand size (word or byte).

Example: When channels 2 and 3 are synchronized

*  Word write to channel 2 or word write to channel 3

TCNT2 | FF ‘ 00 |

P
| Write H'0101

TCNT3 | AA ‘ 55

Upper byte Lower byte

Tent2 | o1 | o1 |

TCNT3 | 01 ‘ 01 |

Upper byte Lower byte

»  Bytewriteto channel 2 or byte write to channel 3

Write H'01 to
upper byte

of channel 2
—_—

AA‘55|

TCNT2 | FF ‘ 00 |

TCNT3 |

Upper byte Lower byte

Write H'01 to
lower byte of
channel 3

\

360

Tent2 | o1 | o0 |

TCNT3| o1 ‘ 00 |

Upper byte Lower byte

T

TCNT3 | AA ‘ 01 |

Upper byte Lower byte



(3) Noteon Compare Register Setting: The compare match frequency differs depending on
whether the timer counter clock source is the system clock (@) or another source.

When the counter increments on the system clock asin figure 11-56, the compare match
frequency is:

T=al(N+1)
(T: compare match frequency. @ system clock frequency. N: value set in compare register.)

When the counter increments on a clock source other than the system clock asin figure 11-57, the
compare match frequency is:

T =g/(D* x N) * Example: If the counter clock sourceis @/2, then D = 2.

(T: compare match frequency. @. system clock frequency. D: frequency ratio of system
clock to counter clock source. N: value set in compare register.)

In this case, if H'0000 is set in the compare register, compare match does not occur.

e AW ATAYAVAUAWAWAN
source

5;132‘” f@) XH'OOOOXH'OOOlXH'OOOZX ii:X N-1 X @ XH'OOOOX H'OOOlX:
Compare match \g ' >
signal

(toggle output)

«—Frequency: T=g/(N+ 1) ——— =

Figure11-56 Compare Match Frequency when Clock Sourceis System Clock
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Counter clock \ \ / gm
source ‘ :

A

\(l:sﬂgter N-1)} N/ fH0000} Ho001 E::X N-1 [ N XH'OOOO)(@O01
) Y,
Compare match \@

signal
(toggle output) ‘

Frequency: T = @/(D x N)

Figure 11-57 Compare Match Frequency when Clock Sourceisnot System Clock
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Rewriting the Compare Match Register in PWM Mode: In PWM mode, to shorten the pulse
width, two register values must be rewritten within the same cycle. Restrictions regarding writing
to the register are as described previoudly. Refer to figure 11-58 for atiming diagram of actual
rewrite processing (renewal).

« Example: PWM pulse output on channel 1

— Pulse set: GR1
— Pulsereset: GR3

e Setting range

— GRL: Between 0 and 1/2 t . (Between 1 and 1/2 t,,c when g is selected as the clock
source.)
— GR3: Between 1/2 . and tc.

Here, tg refersto one cycle of the counter.
» Rewriting register to shorten pulse width

— GR1rewrite: At GR1, or while 1/2 t, < count < tc.
— GR3rewrite: At GR3 or while 0 < count <t (1 < count < 1/2t, if gisthe clock
SOUrce).

TO TO TO TO

teye

Counter value
172 teye

’E GR1 rewrite —»| GR1 rewrite»|

“ . .

K |«GR§ rewrite-»; |<—GR3 rewrite —» '

. ‘
T1l0C,
Compare Compare| |/
‘ match ‘ match ‘ ‘ / ‘ ‘

GR1 GR3 GR1 GR3 GR1 GR3

Figure 11-58 Timing Example of Register Rewritein PWM Mode
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Note on Rewriting the Compare Match Register: To generate a compare match after rewriting
the register, the following condition must be satisfied. Note that even if the counter value when
rewriting the register and the register value after rewriting the register do match, a compare match
will not be generated.

1. Slowing down compare match timing
Reg < Count < REQ' ....ccoveeeeeeeieeeenne (@D}

However, if Reg = TCNT, the following condition must be met:

(0011 (0| A ={=s [ Q)

Where Reg: Register value before rewriting
Count: Register value during rewriting
Reg: Register value after rewriting

teyc:  Counter refresh cycle or overflow cycle

2. Speeding up compare match timing
Reg < CouNt S toye ovevverreneriennieiinen, 2

Where Reg: Register value before rewriting
Count: Register value during rewriting

teye:  Counter refresh cycle or overflow cycle
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Section 12 PWM Timers (H8/539 only)

12.1 Overview

The H8/539 has a built-in pulse-width modulation (PWM) timer module with three independent

channels (PWM1, PWM2, and PWM3). Each PWM timer has an eight-bit timer counter (TCNT)
and an eight-bit duty register (DTR). DTR settings can provide pulse output with any duty cycle
from 0% to 100%.

The H8/538 does not have a built-in PWM timer module.

12.1.1 Features

The PWM timer features are:

e Selection of eight counter clock sources

e Selection of duty cycles from 0% to 100% with 1/250 resolution

e Selection of direct or inverted PWM output
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12.1.2 Block Diagram

Figure 12-1 shows a block diagram of one PWM timer.

PW ~—

Legend

DTR: Duty register
TCNT: Timer counter

DTR
Compare U
Comparator
control m
J' S
™ TCNT
TCR
|
Clock| Clock [
select
TCR: Timer control register ~

Internal clock sources

/2
2/8

Internal
data bus

Module
data
bus

/32

/128

/256

2/1024
2/2048

/4096

Bus interface
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12.1.3 Pin Configuration
Table 12-1 summarizes the PWM timer output pins.

Table12-1 PWM Timer Pins

Name Abbreviation 110 Function

PWML1 output pin PW, Output PWM timer 1 pulse output
PWM2 output pin PW, Output PWM timer 2 pulse output
PWM3 output pin PW; Output PWM timer 3 pulse output

12.1.4 Register Configuration
Table 12-2 summarizes the internal registers of the PWM timers.

Table12-2 PWM Timer Registers

Channel Name Abbreviation R/W Initial Value Address
1 Timer control register TCR R/W H'38 H'FECO
Duty register DTR R/W H'FF H'EEC1
Timer counter TCNT R/(W)* H'00 H'FEC2
2 Timer control register TCR R/W H'38 H'FEC4
Duty register DTR R/W H'FF H'EEC5
Timer counter TCNT R/(W)* H'00 H'FEC6
3 Timer control register TCR R/W H'38 H'FEC8
Duty register DTR R/W H'FF H'EEC9
Timer counter TCNT R/(W)* H'00 H'FECA

Note: * Can be written and read, but the write function is for test purposes only. Do not write to

these registers during normal operation.
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12.2 Register Descriptions

12.2.1 Timer Counter

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
R/W R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W)

Thetimer counter (TCNT) is an eight-bit up-counter. When the output enable bit (OE) issetto 1in
TCR, TCNT starts counting pulses of theinternal clock selected by clock select bits 2 to 0 (CKS2
to CKS0). After counting from H'00 to H'F9, the count repeats from H'00.

TCNT can be written to and read, but the write function is for test purposes only. Do not write to
TCNT during normal operation, because this may have unpredictable effects.

TCNT isinitialized to H'00 by areset and in standby mode, and when the OE bit is cleared to 0.

12.2.2 Duty Register

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

The duty register (DTR) specifies the duty cycle of the output pulse. Any duty cycle from 0% to
100% can be output by setting the corresponding value in DTR. The resolution is 1/250. Writing O
(H'00) in DTR gives a 0% duty cycle. Writing 125 (H'7D) gives a 50% duty cycle. Writing 250
(H'FA) gives a 100% duty cycle.

The DTR and TCNT values are always compared. When the values match, the PWM output is
placed in the O state. When the TCNT value changes from H'00 to H'01, the PWM output is placed
in the 1 state, unlessthe DTR vaue is H'00, in which case the duty cycleis 0% and the PWM
output remainsin the O state.

DTR is double-buffered. A new value written in DTR does not become valid until after the timer
count changes from H'F9 to H'00. While the OE bit is cleared to 0 in TCR, however, new values
written in DTR become valid immediately. When DTR is read, the value read is the currently valid
value.

DTRisinitialized to H'FF by areset and in standby mode.

368



12.2.3 Timer Control Register

Bit 7 6 5 4 3 2 1 0

| OE ‘ 0oS ‘ — ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 |
Initial value 0 0 1 1 1 0 0 0
R/W R/W R/W — — — R/W R/W R/W

The timer control register (TCR) is an eight-bit readable/writable register that selects the clock
input to TCNT and controls PWM output.

TCRisinitialized to H'38 by areset and in standby mode.

Bit 7—Output Enable (OE): Starts or stops TCNT and controls PWM output.

Bit 7
OE Description
0 PWM output is disabled and the TCNT value is cleared to 0 (Initial value)

PWM output is enabled and TCNT is counting

Bit 6—Output Select (OS): Selectsdirect or inverted PWM output.

Bit 6

oS Description

0 Direct PWM output (Initial value)
1 Inverted PWM output

Bits 5 to 3—Reserved: Read-only bits, always read as 1.

369



Bits 2to 0—Clock Select (CKS2 to CK S0): These bits select one of eight internal clock sources,
obtained by dividing the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0

CKS2 CKs1 CKSO0 Description

0 0 0 al2 (Initial value)
0 0 1 2/8

0 1 0 /32

0 1 1 2/128

1 0 0 2/256

1 0 1 /1024

1 1 0 2/2048

1 1 1 2/4096

The PWM resolution, period, and frequency can be calculated as follows from the frequency of the
selected internal clock source.

Resolution = 1/(internal clock frequency)
PWM period = resolution x 250
PWM frequency = 1/(PWM period)

Table 12-3 lists the resolution, PWM period, and PWM frequency for each clock source when the
system clock frequency (@) is 10 MHz.

Table 12-3 PWM Period and Resolution

Internal Clock Frequency Resolution PWM Period PWM Frequency
/2 200 ns 50 us 20 kHz

o/8 800 ns 200 ps 5 kHz

2/32 3.2 us 800 ps 1.25 kHz

/128 12.8 ps 3.2ms 312.5 Hz

/256 25.6 s 6.4 ms 156.3 Hz

/1024 102.4 ps 25.6 ms 39.1 Hz

/2048 204.8 ps 51.2ms 19.5 Hz

/4096 409.6 ps 102.4 ms 9.8 Hz
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12.3 PWM Timer Operation

PWM timer operation is described below. Figure 12-2 shows atiming diagram.
(1) Direct Output (OS=0)

e When OE=0[(a) infigure 12-2]

Thetimer count isheld at H'00 and PWM output is disabled. The pin state depends on the port
dataregister (DR) and data direction register (DDR) settings. A value (N) writtenin DTR
becomes valid immediately.

e WhenOEissettol
— TCNT begins counting up, and the PWM output goesto the 1 state. [(b) in figure 12-2]

— When the count reaches the DTR value, the PWM output goes to the O state. [(c) in figure
12-2]

— If the DTR value is changed (by writing M), the new value becomes valid after TCNT
changes from H'F9 to H'00. [(d) in figure 12-2]

(2) Indirect Output (OS=1): The PWM output isinverted. [(€) in figure 12-2]
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12.4 Usage Notes
When using the PWM timers, note the following points.

To use port 6, 7, or A for PWM output, first set the appropriate bit (PWM1E, PWM2E, or
PWM3E) to 1in P67CR or PACR. Each of these hits can be set independently.

The H8/538 does not have a built-in PWM timer module.

* Any necessary changesto bits CKS2 to CKS0 and OS should be made before the OE bhit is set
to 1.

e |If the DTR valueis H'00, the duty cycleis 0% (always 0). If the DTR valueis H'FA to H'FF,
the duty cycleis 100% (always 1).

For inverted output, these output levels are inverted.
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Section 13 Watchdog Timer

13.1 Overview

System operation can be monitored by the on-chip watchdog timer (WDT, one channel). The
WNDT can generate areset signal for the entire chip if a system crash allows the timer counter
(TCNT) to overflow. When this watchdog function is not needed, the WDT can be used as an
interval timer. In interval timer operation, an IRQO interrupt is requested at each counter overflow.
The WDT isaso used in recovering from software standby mode.

13.1.1 Features

WDT features are listed below.

e Selection of eight counter clock sources

e Interval timer option

e Timer counter overflow generates areset signal or interrupt

Thereset signal is generated in watchdog timer operation. An IRQO interrupt is requested in
interval timer operation.

e Overflow reset signa resets the entire chip internally, and can aso be output externally

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire chip internally. If enabled by the reset output enable bit, an external reset signal can
be output to reset other system devices simultaneously.
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13.1.2 Block Diagram

Figure 13-1 shows a block diagram of the WDT.

~ Overflow Internal
Interrupt signal | Interrupt | - TONT [ > Read/ | databus
IF:Qoi control — wite < >
(interval timer) ‘ TCSR [ | control
I

v Internal clock sources
RSTCSR 232

-« /64

Y

-« /128
Reset<—| Reset control Clock| Clock
select |[«—— 9/256

(internal, external)

«—— /512
<« 3/2048
-« 3/4096

Legend

TCNT: Timer counter

TCSR: Timer control/status register
RSTCSR: Reset control/status register

Figure13-1 WDT Block Diagram
13.1.3 Register Configuration
Table 13-1 summarizesthe WDT registers.

Table 13-1 WDT Registers

Address
Write Read Name Abbreviation R/W Initial Value
H'FF10 H'FF10  Timer control/status register TCSR R/(W)* H'18
H'FF11  Timer counter TCNT R/W H'00
H'FF1F Reset control/status register RSTCSR R/(W)* H'3F

Note: * Software can write O in bit 7 to clear the flag but cannot write 1.
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13.2 Register Descriptions
The watchdog timer has three registers, which are described next.
13.2.1 Timer Counter

Thetimer counter (TCNT) is an eight-bit readable and writable* up-counter. The TCNT bit
structure is shown next.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When the timer enable bit (TME) in the timer control/status register (TCSR) is set to 1, the timer
counter starts counting pulses of an internal clock source selected by clock select bits2to 0
(CKS2 to CKS0) in TCSR. When the count overflows (changes from H'FF to H'00), an overflow
flag (OVF) in TCSRissetto 1. Thetimer count isinitialized to H'00 by areset and when the
TME bitiscleared to 0.

Note: * TCNT iswrite-protected by a password. See section 13.2.4, “Notes on Register Access’
for details.
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13.2.2 Timer Control/Status Register

The timer control/status register (TCSR) is an eight-bit readable and partly writable" 1 register.
Its functions include selecting the timer mode and clock source. The TCSR hit structure is shown

next.
Bit 7 6 5 4 3 2 1 0

| OVF ‘ WTIT ‘ TME ‘ — — ‘ CKS2 ‘ CKS1 ‘ CKSO0 |

Initial value 0 0 0 1 1 0 0 0
R/IW R/(W)*2 R/W R/W — — R/W R/W R/W

t Clock select bits

These bits select the
TCNT clock source

Reserved bits

— Timer enable bit
Enables and disables the timer

— Timer mode select bit
Selects the mode

— Overflow flag
Status flag indicating overflow

Bits 7 to 5 areinitialized to 0 by areset, in hardware standby mode, and in software standby
mode. Bits2to 0 areinitialized to 0 by areset and in hardware standby mode, but retain their
values in software standby mode.

Notes: 1. TCSR iswrite-protected by a password. See section 13.2.4 “Notes on Register

Access’ for detalls.
2. Software can write 0 in bit 7 to clear the flag, but cannot set this bit to 1.

(1) Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has
overflowed from H'FF to H'00 in interval timer mode. When OVF = 1, an IRQO interrupt is

requested.

Bit 7

OVF Description

0 Cleared by reading OVF after it has been set to 1, (Initial value)
then writing 0 in OVF

1 Set when TCNT over flows
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(2) Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer
or interval timer. If used asan interval timer (WT/IT = 0), the WDT generates an IRQO interrupt
request when the timer counter (TCNT) overflows. If used as awatchdog timer (WT/IT = 1), the
WDT generates areset when the timer counter (TCNT) overflows.

Bit 6

WT/IT Description

0 Interval timer: IRQO interrupt request (Initial value)
1 Watchdog timer: reset request

(3) Bit 5—Timer Enable (TME): Enables or disables the timer counter (TCNT). Always clear
TME to 0 before entering software standby mode.

Bit 5

TME Description

0 Timer disabled: TCNT is initialized to H'00 and stopped. (Initial value)
1 Timer enabled: TCNT starts counting.

(4) Bits4 and 3—Reserved: Read-only bits, always read as 1.

(5) Bits2to0—Clock Select 2to 0 (CK S2/1/0): These bits select one of eight internal clock
sources for input to TCNT. The clock signals are obtained by prescaling the system clock ().

The overflow interval listed in the following table is the time from when TCNT begins counting
from H'00 until an overflow occurs. When the WDT operates as an interval timer, IRQO interrupts
arerequested at thisinterval. Set CKS2 to CK S0 to the clock settling time before entering
software standby mode.

Bit 2 Bit 1 Bit 0 Description

CKS2 CKs1 CKSO Clock Source Overflow Interval (g = 10 MHz)
0 0 0 al2 51.2 us (Initial value)
0 0 1 2/32 819.2 us

0 1 0 /64 1.6 ms

0 1 1 2/128 3.3ms

1 0 0 21256 6.6 ms

1 0 1 /512 13.1ms

1 1 0 2/2048 52.4 ms

1 1 1 /4096 104.9 ms
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13.2.3 Reset Control/Status Register

The reset control/status register (RSTCSR) is an eight-bit readable and partly writable"! register
that indicates when areset signal has been generated by WDT overflow, and controls external
output of thisreset signal.

Bit 7 6 5 4 3 2 1 0

|wrsT |RsToE| — | — | — | — | — | — |

Initial value 0 0 1 1 1 1 1 1
R/W R/(W)*2 R/W — — — — — —

]

Reserved bits

Reset output enable bit
Enables or disables external reset signal output

— Watchdog timer reset bit
Indicates reset occurrence

Bits 7 and 6 areinitialized by input of areset signal at the RES pin. They are not initialized by a
reset signal generated by the WDT.

Notes: 1. TCSR iswrite-protected by apassword. See section 13.2.4, “Notes on Register
Access’ for details
2. Software can write 0 in bit 7 to clear the flag, but cannot set this bit to 1.

(1) Bit 7—Watchdog Timer Reset (WRST): Indicates that the watchdog timer counter has
overflowed and generated areset signal. Thisreset signal resets the entire chip. If the reset output
enable bit (RSTOE)is set to 1, the reset signal is also output (low) at the RESO pin to initialize
external system devices.

Bit 7

WRST Description

0 Cleared to 0 by reset signal input at RES pin, or by software (Initial value)
1 Set by TCNT overflow when WDT is used as a watchdog timer, generating a

reset signal
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(2) Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin
of thereset signal generated if the timer counter (TCNT) overflows when the WDT isused asa
watchdog timer.

Bit 6

RSTOE Description

0 Reset signal generated by TCNT overflow is not (Initial value)
output externally

1 Reset signal generated by TCNT overflow is output externally

(3) Bits5to 0—Reserved: Read-only bits, alwaysread as 1.
13.2.4 Noteson Register Access

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

(1) Writingto TCNT and TCSR: These registers must be written by word access. They cannot
be written by byte instructions. Figure 13-2 shows the format of data written to TCNT and TCSR.
TCNT and TCSR both have the same write address. The write data must be contained in the
lower byte of the written word. The upper byte must contain H'5A (password for TCNT) or H'A5
(password for TCSR). Thistransfers the write data from the lower byteto TCNT or TCSR.

<TCNT write>
15 8 7 0
Address  HFF10 | H'5A | Write data |

<TCSR write>
15 8 7 0
Address  HFF10 | H'A5 | Write data |

Figure 13-2 Format of Data Written to TCNT and TCSR
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(2) Writingto RSTCSR: RSTCSR must be written by word access. It cannot be written by byte
instructions. Figure 13-3 shows the format of datawritten to RSTCSR. To write 0 in the WRST
bit, the write data must have H'A5 in the upper byte and H'00 in the lower byte. The H'00 in the
lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit, the upper byte must
contain H'5A and the lower byte must contain the write data. Writing this word transfers awrite
data value into the RSTOE hit.

<Writing 0 in WRST bhit>

15 8 7 0

Address  HFFIE | H'AS | H'00 |
<Writing to RSTOE bit>

15 8 7 0

Address  HFFIE | H'5A | Write data |

Figure13-3 Format of Data Written to RSTCSR

(3) Reading TCNT, TCSR, and RSTCSR: Theseregisters are read like other registers. Byte
access instructions can be used. The read addresses are H'FF10 for TCSR, H'FF11 for TCNT, and
H'FF1F for RSTCSR, aslisted in table 13-2.

Table 13-2 Read Addressesof TCNT, TCSR, and RSTCSR

Address Register
H'FF10 TCSR
H'FF11 TCNT
H'FF1F RSTCSR
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13.3 Operation

This section describes operations when the WDT is used as a watchdog timer and as an interval
timer, and the WDT's function in software standby mode.

13.3.1 Watchdog Timer Operation

Figure 13-4 illustrates watchdog timer operation. To use the WDT as awatchdog timer, set the
WT/IT and TME bitsto 1. Software must prevent TCNT overflow by rewriting the TCNT value
(normally by writing H'00) before overflow occurs. If TCNT failsto be rewritten and overflows
dueto a system crash etc., the chip isinternally reset for 518 system clock cycles (518g).

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. Thereset signal is output externally for 132 system clock cycles (132g). External output
can be enabled or disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can
distinguish aRES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset always takes priority.

WDT overflow

TCNT
count value

HOO ——0 — el
T \ T / OVF=1 i
Start H'00 written Reset H'00 written in TCNT
H -

in TCNT | 5180
RESO pin | |
i
132g

Figure 13-4 Watchdog Timer Operation
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13.3.2 Interval Timer Operation

Figure 13-5 illustrates interval timer operation. To usethe WDT as an interval timer, clear WT/IT
toOand set TMEto 1. AnIRQO request is generated each time the timer count overflows. This
function can be used to generate IRQO requests at regular intervals.

This IRQO interrupt has a different vector from the interrupt requested by IRQg input. Software
does not have to check whether the interrupt request came from the IRQq pin or the interval timer.

HFF  semmmmmeeeeeeeees
TCNT
count value
H'00 T -------------
WT/IT =0 IRQO IRQO IRQO IRQO IRQO
TME =1 request request request request request

Figure13-5 Interval Timer Operation
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13.3.3 Operation in Software Standby M ode

The watchdog timer has a specia function in recovery from software standby mode. WDT
settings required when software standby mode is used are described next.

(1) Before Transition to Software Standby Mode: The TME bit in the timer control/status
register (TCSR) must be cleared to 0 to stop the watchdog timer counter before execution of the
SLEEP instruction. The chip cannot enter software standby mode while the TME bit is set to 1.
Before entering software standby mode, software should also set bits CKS2 to CKS0in TCSR so
that the overflow interval is equal to or greater than the settling time of the clock oscillator.

(2) Recovery from Software Standby Mode: In recovery from software standby mode the WDT
operates as follows.

When an NMI request signal is received, the clock oscillator starts running and the timer counter
(TCNT) starts counting at the rate selected by bits CKS2 to CKS0 in TCSR before software
standby mode was entered. When TCNT overflows (changes from H'FF to H'00), the system
clock (@) is presumed to be stable and usable, clock signals are supplied to the entire chip,
software standby mode ends, and the NMI interrupt-handling routine starts executing. This timer
overflow does not set the OVF flag in TCSR to 1, and the TME bit remains cleared to O.

13.3.4 Timing of Setting of Overflow Flag (OVF)

Figure 13-6 shows the timing of setting of the OVF flag in the timer control/status register
(TCSR). The OVF flagisset to 1 when the timer counter overflows. When OVF issetto 1, an
IRQO interrupt is requested simultaneoudly.

o L 1 0 LI LI 1

TCNT ~ HFF X HO00
OVF N
——— = IRQO interrupt request
IRQO
interrupt N

Figure 13-6 Timing of Setting of OVF
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13.3.5 Timing of Setting of Watchdog Timer Reset Bit (WRST)

The WRST bit in the reset control/status register (RSTCSR) is valid when WT/IT = 1 and TME =
1. Figure 13-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit
is set to 1 when the timer count overflowsand OVF isset to 1. At the same time an internal reset
signal is generated for the entire chip. Thisinternal reset signal clears OVF, but the WRST hit
remains set to 1. The reset routine must therefore contain an instruction that clears the WRST bit.

S o I e I e N e B e B

TCNT HFF X H00

OVF . .

WDT |
internal
reset

WRST |

Figure13-7 Timing of Setting of WRST Bit and Internal Reset
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13.4 Usage Notes

(1) Contention between Timer Counter (TCNT) Writeand Increment: If atimer counter
clock pulseis generated during the T5 state of awrite cycle to the timer counter, the write takes
priority and the timer counter is not incremented. See figure 13-8.

Write cycle: CPU writes to TCNT

‘_L,‘_L,PL,‘
? o L1 L] |

TCNT X X

Internal write signal —| |
TCNT clock pulse l |

TCNT N X » W™

Counter write data

Figure 13-8 Contention between TCNT Writeand Increment

(2) Changing CKS2to CK S0 Values: Software should stop the watchdog timer (by clearing the
TME hit to 0) before changing the values of bits CKS2 to CK S0 in the timer control/status register
(TCSR).
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Section 14 Serial Communication Interface

14.1 Overview

The on-chip serial communication interface (SCI) has two independent channels in the H8/538,
and three independent channels in the H8/539. All channels are functionally identical. The SCI
supports both asynchronous and clocked synchronous serial communication. It also has a
multiprocessor communication function for serial communication among two or more processors.

The H8/538 does not have SCI3.

14.1.1 Features

SCI features are listed below.

e Selection of asynchronous or synchronous mode
a. Asynchronous mode

The SCI can communicate with a UART (universal asynchronous receiver/transmitter),
ACIA (asynchronous communication interface adapter), or other chip that employs
standard asynchronous serial communication. It can a'so communicate with two or more
other processors using the multiprocessor communication function. There are twelve
selectable serial data communication formats.

— Datalength: seven or eight bits

— Stop bit length: one or two bits

— Parity: even, odd, or none

— Multiprocessor bit: one or none

— Receive error detection: parity, overrun, and framing errors

— Bresk detection: by reading the RXD level directly when aframing error occurs

b. Clocked synchronous mode

Serial data communication is synchronized with aclock signal. The SCI can
communicate with other chips having a clocked synchronous communication function.

— Datalength: eight bits
— Receive error detection: overrun errors

e Full duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. Both sections use double buffering, so continuous data transfer is possiblein
both the transmit and receive directions.
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e Built-in baud rate generator with selectable bit rates
e Interna or external transmit/receive clock source: baud rate generator or SCK pin
* Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are
requested independently. The transmit-data-empty and receive-data-full interrupts can be
served by the on-chip data transfer controller (DTC) to transfer data.

In the H8/539, SCI2 and SCI3 have the same interrupt vectors.
14.1.2 Block Diagram

Figure 14-1 shows a block diagram of the SCI.
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RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure14-1 SCI Block Diagram
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14.1.3 Input/Output Pins

Table 14-1 summarizes the serial communication pins for each SCI channel. SCI channel 3is not
present in the H8/538.

Table14-1 SCI Pins

Channel Pin Name Abbreviation Input/Output Function

1 Serial clock pin SCK1 Input/output SCI1 clock input/output
Receive data pin RXD1 Input SCI1 receive data input
Transmit data pin TXD1 Output SCI1 transmit data output

2 Serial clock pin SCK2 Input/output SCI2 clock input/output
Receive data pin RXD2 Input SCI2 receive data input
Transmit data pin TXD2 Output SCI2 transmit data output

3 Serial clock pin SCK3 Input/output SCI3 clock input/output
Receive data pin RXD3 Input SCI3 receive data input
Transmit data pin TXD3 Output SCI3 transmit data output

14.1.4 Register Configuration

Table 14-2 summarizes the SCI registers. These registers select the communication mode
(asynchronous or clocked synchronous), specify the data format and bit rate, and control the
transmitter and receiver sections.

SCI channel 3isnot present in the H8/538.
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Table 14-2 Channd 1 Registers

Channel Address Name Abbreviation R/W Initial Value
1 H'FEC8 Serial mode register SMR R/W H'00
H'FEC9 Bit rate register BRR R/W H'FF
H'FECA Serial control register SCR R/W H'00
H'FECB Transmit data register TDR R/W H'FF
H'FECC Serial status register SSR R/(W)* H'84
H'FECD Receive data register RDR R H'00
2 H'FEDO Serial mode register SMR R/W H'00
H'FED1 Bit rate register BRR R/W H'FF
H'FED2 Serial control register SCR R/W H'00
H'FED3 Transmit data register TDR R/W H'FF
H'FED4 Serial status register SSR R/(W)* H'84
H'FED5 Receive data register RDR R H'00
3 H'FECO Serial mode register SMR R/W H'00
H'FEC1 Bit rate register BRR R/W H'FF
H'FEC2 Serial control register SCR R/W H'00
H'FEC3 Transmit data register TDR R/W H'FF
H'FEC4 Serial status register SSR R/(W)* H'84
H'FEC5 Receive data register RDR R H'00

Note: * Software can write O to clear flags but cannot write 1.
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14.2 Register Descriptions
14.2.1 Receive Shift Register
The receive shift register (RSR) receives serial data.

Bit 7 6 5 4 3 2 1 0

RIW — — — — — — — —

Datainput at the RXD pin are loaded into RSR in the order received, LSB (bit O) first. In thisway
the SCI converts received datato parallel form. When one byte has been received, it is
automatically transferred to the receive data register (RDR). The H8/500 CPU cannot read or
write RSR directly.

14.2.2 Receive Data Register

The receive dataregister (RDR) stores serial receive data.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0
R/W R R R R R R R R

The SCI completes the reception of one byte of serial data by moving the received data from the
receive shift register (RSR) into RDR for storage. RSR is then ready to receive the next data.
This double buffering allows the SCI to receive data continuously.

The H8/500 CPU can read but not write RDR. RDR isinitialized to H'00 by areset and in the
standby modes.
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14.2.3 Transmit Shift Register
The transmit shift register (TSR) transmits serial data.

Bit 7 6 5 4 3 2 1 0

RIW — — — — — — — —

The SCI loads transmit data from the transmit data register (TDR) into TSR, then transmits the
data serially from the TXD pin, LSB (bit ) first. After transmitting one data byte, the SCI
automatically loads the next transmit data from TDR into TSR and starts transmitting again. If
TDRE isset to 1, however, the SCI does not load the TDR contentsinto TSR. The H8/500 CPU
cannot read or write TSR directly.

14.2.4 Transmit Data Register

The transmit dataregister (TDR) is an eight-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written
in TDR into TSR and starts seria transmission. Continuous serial transmission is possible by
writing the next transmit datain TDR during serial transmission from TSR.

The H8/500 CPU can always read and write TDR. TDR isinitialized to H'FF by areset and in the
standby modes.
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14.2.5 Serial Mode Register

The serial mode register (SMR) is an eight-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
| CIA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO |
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
L Clock select 1/0

These bits select
the baud rate
generator’s clock
source

— Multiprocessor mode

Selects the multipro-
cessor function

— Stop bit length
Selects stop bit length

— Parity mode
Selects even or odd parity

— Parity enable
Selects whether data includes a parity bit

— Character length
Selects data length in asynchronous mode

— Communication mode
Selects asynchronous or clocked synchronous mode

The H8/500 CPU can always read and write SMR. SMRisinitialized to H'00 by areset and in the
standby modes.
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(1) Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
clocked synchronous mode.

Bit 7

CIA Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

(2) Bit 6—Character Length (CHR): Selects seven-bit or eight-bit data in asynchronous mode.
In clocked synchronous mode the data length is always eight bits, regardless of the CHR setting.

Bit 6

CHR Description

0 Eight-bit data (Initial value)
1 Seven-bit data*

Note: * When seven-bit data is selected, the MSB of the transmit data register (bit 7) is not
transmitted.

(3) Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and check
parity of receive data, in asynchronous mode. In clocked synchronous mode the parity bit is
neither added nor checked, regardless of the PE setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE is setto 1 an even or odd parity bit is added to transmit data, depending on the
parity mode (O/E) setting. Receive data parity is checked according to the even/odd
(O/E) mode setting.
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(4) Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and
checked. The O/E setting is used only in asynchronous mode and only when the parity enable bit
(PE) is set to 1 to enable parity generation and checking. The O/E setting isignored in clocked
synchronous mode, or in asynchronous mode when parity is disabled.

Bit 4

O/E Description

0 Even parity*1 (Initial value)
1 Odd parity*2

Notes: 1. If even parity is selected, the parity bit added to transmit data makes an even number of
1s in the transmitted character and parity bit combined. Receive data must have an
even number of 1s in the received character and parity bit combined.

2. If odd parity is selected, the parity bit added to transmit data makes an odd number of
1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.

(5) Bit 3—Stop Bit Length (STOP): Selects one or two hits as the stop bit length in
asynchronous mode. This setting is used only in asynchronous mode. It isignored in clocked
synchronous mode because no stop bits are added.

Bit 3

STOP Description

0 One stop bit*1 (Initial value)
1 Two stop bits*2

Notes: 1. Intransmitting, a single 1 bit is added at the end of each transmitted character.
2. In transmitting, two 1 bits are added at the end of each transmitted character.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1itistreated asastop bit. If the second stop bitis O it istreated as the start bit of the
next incoming character.

397



(6) Bit 2—Multiprocessor Mode (MP): Selects a multiprocessor format. When a
multiprocessor format is selected, settings of the parity enable (PE) and parity mode (O/E) bits are
ignored. The MP bit setting is used only in asynchronous mode; it isignored in clocked
synchronous mode. For the multiprocessor communication function, see section 14.3.4,
“Multiprocessor Communication.”

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

(7) Bits1and 0—Clock Select 1 and 0 (CK S1/0): These bits select theinternal clock source of
the on-chip baud rate generator. Four clock sources are available: g, /4, @16, and @/64. For
further information on the clock source, bit rate register settings, and bit rate, see section 14.2.8,
“Bit Rate Register”

Bit 1 Bit O

CKs1 CKSO0 Description

0 0 System clock (@) (Initial value)
0 1 o/4

1 0 2/16

1 1 /64
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14.2.6 Serial Control Register

The serial control register (SCR) enables the SCI transmitter and receiver, selects serial clock
output in asynchronous mode, enables and disables interrupts, and selects the transmit/receive
clock.

Bit 7 6 5 4 3 2 1 0

| TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LClock enable 1/0

Selects the SCI
clock source

Transmit end interrupt
enable

Enables and disables
transmit-end interrupts
(TED

—Multiprocessor interrupt enable

Enables and disables multiprocessor
interrupts

'—Receive enable
Enables and disables the receiver

—Transmit enable
Enables and disables the transmitter

—Receive interrupt enable

Enables and disables receive-data-full interrupts (RXI)
and receive error interrupts (ERI)

— Transmit interrupt enable
Enables and disables transmit-data-empty interrupts (TXI)

The H8/500 CPU can always read and write SCR. SCRisinitialized to H'00 by areset and in the
standby modes.
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(1) Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty
interrupt (TX1) requested when the transmit data register empty bit (TDRE)* in the serial status
register (SSR) is set to 1 due to transfer of serial transmit datafrom TDR to TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * The TXI interrupt request can be cleared by reading TDRE after it has been set to 1, then
clearing TDRE to 0, or by clearing TIE to O.

(2) Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt
(RX1) requested when the receive data register full bit (RDRF) in the serial status register (SSR) is
set to 1 due to transfer of serial receive datafrom RSR to RDR. Also enables or disables receive-
error interrupt (ERI) requests.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) (Initial value)
requests are disabled*

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)

requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the RDRF flag or error flag
(FER, PER, or ORER) after it has been set to 1, then clearing the flag to 0, or by clearing
RIE to O.

(3) Bit 5—Transmit Enable (TE): Enables or disables the SCI transmitter.

Bit 5

TE Description

0 Transmitter disabled*1, TXD pin available for general-purpose 1/0 (Initial value)
1 Transmitter enabled*2, TXD used for transmit data output

Notes: 1. The transmit data register empty bit (TDRE) in the serial status register (SSR) is locked
at 1.
2. Serial transmitting starts when the transfer data register empty (TDRE) bit in the serial
status register (SSR) is cleared to O after writing of transmit data into TDR. Select the
transmit format in SMR before setting TE to 1.
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(4) Bit 4—Receive Enable (RE): Enables or disables the SCI receiver.

Bit 4

RE Description

0 Receiver disabled*1, RXD pin available for general-purpose 1/0 (Initial value)
1 Receiver enabled*2, RXD used for receive data input

Notes: 1. Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER, ORER). These
flags retain their previous values.
2. Serial receiving starts when a start bit is detected in asynchronous mode, or serial
clock input is detected in clocked synchronous mode. Select the receive format in SMR
before setting RE to 1.

(5) Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor
interrupts. The MPIE setting is used only in asynchronous mode, and only if the multiprocessor
mode bit (MP) in the serial mode register (SMR) issetto 1. The MPIE setting isignored in
clocked synchronous mode or when the MP bit is cleared to 0.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
1 Multiprocessor interrupts are enabled.*

Receive-data-full interrupt requests (RXI), receive-error interrupt requests (ERI),
and setting of the RDRF, FER, and ORER status flags in the serial status register
(SSR) are disabled.

MPIE is cleared to O when:

1. MPIE is cleared to O, or

2. Multiprocessor bit (MPB) is set to 1 in receive data.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in the serial status register (SSR).
When it receives data with the multiprocessor bit (MPB) set to 1, the SCI automatically
clears MPIE to 0, enables RXI and ERI interrupts (if the RIE bit in SCR is set to 1), and
allows FER and ORER to be set.
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(6) Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end
interrupt (TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt (TEI) requests are disabled* (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled*

Note: * The TEI request can be cleared by reading the TDRE bit in the serial status register
(SSR) after it has been set to 1, then clearing TDRE to 0, thereby clearing the transmit
end (TEND) bit to O; or by clearing the TEIE bit to 0.

(7) Bits1and 0—Clock Enable 1 and 0 (CKEZL/0): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the combination of CKE1 and
CKEQ, the SCK pin can be used for general-purpose input/output, serial clock output, or serial
clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in clocked synchronous mode, or when an
external clock sourceis selected (CKEL = 1). Select the SCI operating mode in the serial mode
register (SMR) before setting CKE1 and CKEO. For further details on selection of the SCI clock
source, see table 14-6 in section 14.3, “Operation.”

Bit 1 Bit 0
CKE1l CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin available for general-
purpose input/output*!

Clocked synchronous mode Internal clock, SCK pin used for serial clock

output™1
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*2
Clocked synchronous mode  Internal clock, SCK pin used for serial clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input*3

Clocked synchronous mode  External clock, SCK pin used for serial clock input

1 1 Asynchronous mode External clock, SCK pin used for clock input*3

Clocked synchronous mode  External clock, SCK pin used for serial clock input

Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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14.2.7 Serial Status Register

The serial status register (SSR) is an eight-bit register containing multiprocessor bit values, and
status flags that indicate SCI operating status.

Bit 7 6 5 4 3 2 1 0
| TDRE \ RDRF \ ORER \ FER \ PER \ TEND \ MPB \ MPBT |

Initial value 1 0 0 0 0 1 0 0

RIW RIOWY*  RIW)*  RIW)*  RIW)*  RI(W)* R R RIW

Multiprocessor
bit transfer

Value of multi-
processor bit to
be transmitted

Multiprocessor bit

Stores received multi-
processor bit value

—Transmit end
Status flag indicating end
of transmission

— Parity error
Status flag indicating detection
of a receive parity error

L Framing error
Status flag indicating detection of a receive
framing error

—Qverrun error
Status flag indicating detection of a receive overrun error

—Receive data register full
Status flag indicating that the SCI has stored receive data in RDR

—Transmit data register empty

Status flag indicating that the SCI has loaded transmit data
from TDR into TSR and new data can be written in TDR

Note: * Software can write O to clear the flag, but cannot write 1.

The H8/500 CPU can always read and write SSR, but cannot write 1 in the status flags (TDRE,
RDRF, ORER, PER, and FER). These flags can be cleared to O only if they have first been read
after being set to 1. Bits2 (TEND) and 1 (MPB) are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in the standby modes.
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(1) Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit
datafrom TDR into TSR and new data can be writtenin TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
TDRE is cleared to 0 when:
1. Software reads TDRE after it has been set to 1, then writes 0 in TDRE
2. The DTC writes data in TDR
1 TDR does not contain valid transmit data (Initial value)

TDRE is set to 1 when:

1. The chip is reset or enters standby mode

2. The TE bit in the serial control register (SCR) is cleared to 0, or

3. TDR contents are loaded into TSR, so new data can be written in TDR

(2) Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6
RDRF Description

0 RDR does not contain new receive data (Initial value)
RDREF is cleared to 0 when:
1. The chip is reset or enters standby mode
2. Software reads RDRF after it has been set to 1, then writes 0 in RDRF
3. The DTC reads data from RDR

1 RDR contains new receive data
RDREF is set to 1 when serial data are received normally and transferred from
RSR to RDR.

Note: RDR and RDRF are not affected by detection of receive errors or by clearing of the RE bit to
0 in the serial control register. They retain their previous contents. If RDRF is still setto 1
when reception of the next data ends, an overrun error (ORER) occurs and receive data are
lost.

404



(3) Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
overrun error.

Bit 5
ORER Description
0 Receiving is in progress or has ended normally (Initial value)*1
ORER is cleared to 0 when:
1. The chip is reset or enters standby mode
2. Software reads ORER after it has been set to 1, then writes 0 in ORER
1 A receive overrun error occurred*2
ORER is set to 1 if reception of the next serial data ends when RDRF is setto 1
Notes: 1. Clearing the RE bit to O in the serial control register does not affect the ORER bit, which

retains its previous value.

RDR continues to hold the receive data before the overrun error, so subsequent receive
data are lost. Serial receiving cannot continue while ORER is setto 1. In clocked
synchronous mode, serial transmitting is also disabled.

(4) Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a
framing error in asynchronous mode.

2.

Bit 4
FER Description
0 Receiving is in progress or has ended normally (Initial value)*1
FER is cleared to O when:
1. The chip is reset or enters standby mode
2. Software reads FER after it has been set to 1, then writes 0 in FER
1 A receive framing error occurred*?2
FER is set to 1 if the stop bit at the end of receive data is checked and found
to be 0.
Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the FER bit, which

retains its previous value.

When the stop bit length is two bits, only the first bit is checked. The second stop bit is
not checked. When a framing error occurs the SCI transfers the receive data into RDR
but does not set RDRF. Serial receiving cannot continue while FER is setto 1. In
clocked synchronous mode, serial transmitting is also disabled.
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(5) Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity
error in asynchronous mode.

2.

Bit 3

PER Description

0 Receiving is in progress or has ended normally (Initial value)*1
PER is cleared to O when:
1. The chip is reset or enters standby mode
2. Software reads PER after it has been set to 1, then writes 0 in PER

1 A receive parity error occurred”*?
PER is set to 1 if the number of 1s in receive data, including the parity bit, does not
match the even or odd parity setting of the parity mode bit (O/E) in the serial mode
register (SMR).

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the PER bit, which

retains its previous value.

When a parity error occurs the SCI transfers the receive data into RDR but does not set
RDRF. Serial receiving cannot continue while PER is setto 1. In clocked synchronous
mode, serial transmitting is also disabled.

(6) Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. TEND is aread-
only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress
TEND is cleared to 0 when:
1. Software reads TDRE after it has been set to 1, then writes 0 in TDRE
2. The DTC writes data in TDR
1 End of transmission (Initial value)

TEND is set to 1 when:

1. The chip is reset or enters standby mode

2. TE is cleared to 0 in the serial control register (SCR)

3. TDRE is 1 when the last bit of a serial character (1 byte) is transmitted
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(7) Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when amultiprocessor format is used in asynchronous mode. MPB isaread-only bit and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If RE is cleared to 0 when a multiprocessor format is selected, MPB retains its previous
value.

(8) Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit
added to transmit data when a multiprocessor format is selected for transmitting in asynchronous
mode. The MPBT setting isignored in clocked synchronous mode, when a multiprocessor format
is not selected, or when the SCI is not transmitting.

Bit 0

MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1
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14.2.8 Bit Rate Register

The bit rate register (BRR) is an eight-bit register that, together with the CKS1 and CK S0 bitsin
the serial mode register (SMR) that select the baud rate generator clock source, determines the
serial transmit/receive bit rate.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

The H8/500 CPU can aways read and write BRR. BRR isinitialized to H'FF by areset and in the
standby modes. SCI1 and SCI2 have independent baud rate generator control, so different values
can be set in the two channels.

Table 14-3 shows examples of BRR settings in asynchronous mode.

Table 14-3 Examples of Bit Ratesand BRR Settingsin Asynchronous M ode (1)

g (MHz)
1 1.2288 2 2.097152

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 70 +0.03 1 86 +0.31 1 141 +0.03 1 148 -0.04
150 0 207 +0.16 0 255 O 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 0 127 O 0 207 +0.16 0 217 +0.21
600 0 51 +0.16 0 63 0 0 103 +0.16 0 108 +0.21
1200 0 25 +0.16 0 31 0 0 51 +0.16 0 54 -0.70
2400 0 12 +0.16 0 15 0 0 25 +0.16 0 26 +1.14
4800 —_ — — 0 0 0 12 +0.16 0 13 —2.48
9600 —_ — — 0 3 0 —_ — — —_ — —
19200 —- = = 0 1 0 —- = = —- - =
31250 0 O 0.00 - - = 0 1 0 - - =
38400 —_ — — 0O O 0 —_ — — —_ — —
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Table 14-3 Examples of Bit Rates and BRR Settingsin Asynchronous Mode (2)

2 (MHz)

2.4576 3.6864 4
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 1 212 +0.03 2 64 +0.70 2 70 +0.03
150 1 127 O 1 155 +0.16 1 191 O 1 207 +0.16
300 0 255 O 1 77 +0.16 1 95 0 1 103 +0.16
600 0 127 O 0 155 +0.16 0 191 O 0 207 +0.16
1200 0 63 0 o 77 +0.16 0 95 0 0 103 +0.16
2400 0 31 0 0 38 +0.16 0 47 0 0 51 +0.16
4800 0 15 O 0 19 -234 0 23 0 0 25 +0.16
9600 o 7 0 0 —-2.34 0 11 0 0 12 +0.16
19200 0 3 0 0 4 —-2.34 0 5 0 —_ — —
31250 - - = 0 0 - - = 0 3 0
38400 0 1 0 —_ — — 0 2 0 —_ — —
Table 14-3 Examples of Bit Ratesand BRR Settingsin Asynchronous Mode (3)

g (MHz)

4.9152 5 6 6.144
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 86 +0.31 2 88 -0.25 2 106 -0.44 2 108 +0.08
150 1 255 O 2 64 +0.16 2 77 0 2 79 0
300 1 127 O 1 129 +0.16 1 155 O 1 159 O
600 0 255 O 1 64 +0.16 1 77 0 1 79 0
1200 0 127 O 0 129 +0.16 0 155 +0.16 0 159 O
2400 0 63 O 0 64 +0.16 0 77 +0.16 0O 79 O
4800 0 31 0 0 32 -1.36 0 38 +0.16 0 39 0
9600 0 15 0 0 15 +1.73 0 19 —2.34 0 19 0
19200 0 0 0 +1.73 - - = 0 0
31250 0 4 -1.70 0 0 0 5 0 0 +2.40
38400 0 0 0 +1.73 —_ — — 0 0
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Table 14-3 Examples of Bit Rates and BRR Settingsin Asynchronous Mode (4)

g (MHz)
7.3728 8 9.8304 10
Bit Rate Error Error Error Error
(Bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 130 -0.07 2 141 +0.03 2 174 -0.26 3 43 +0.88
150 2 95 0 2 103 +0.16 2 127 O 2 129 +0.16
300 1 191 O 1 207 +0.16 1 255 O 2 64 +0.16
600 1 95 0 1 103 +0.16 1 127 O 1 129 +0.16
1200 0 191 O 0 207 +0.16 0 255 O 1 64 +0.16
2400 0 95 0 0 103 +0.16 0 127 O 0 129 +0.16
4800 0 47 0 0 51 +0.16 0 63 0 0 64 +0.16
9600 0 23 0 0 25 +0.16 0 31 0 0 32 -1.36
19200 0 11 0 0 12 +0.16 0 15 0 0 15 +1.73
31250 —_ — — o 7 0 0 9 -1.70 0 9 0
38400 0 5 0 —_ — — 0o 7 0 0o 7 +1.73
307200 - - = - - = 0 O 0 - - =
312500 —_ — — — — — —_ — — 0 O 0
Table 14-3 Examples of Bit Rates and BRR Settingsin Asynchronous Mode (5)
g (MHz)
12 12.288 14.7456
Bit Rate Error Error Error Error
(Bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 212 0.03 2 217 0.08 2 248 -0.17 3 64 0.07
150 2 155 0.16 2 159 0.00 2 181 0.16 2 191 0.00
300 2 77 016 2 79 0.00 2 90 0.16 2 95 0.00
600 1 155 0.16 1 159 0.00 1 181 0.16 1 191 0.00
1200 1 77 0.16 1 79 0.00 1 90 0.16 1 95 0.00
2400 0 155 0.16 0 159 0.00 0 181 0.16 0 191 0.00
4800 0 77 016 0 79 0.00 0 90 0.16 0 95 0.00
9600 0 38 0.16 0 39 0.00 0 45 -0.93 0 47 0.00
19200 0 19 -234 0 19 0.00 0 22 -093 0 23 0.00
31250 0 11 0.00 0 11 2.40 0 13 0.00 0 14 -1.70
38400 0 9 -2.34 0O 9 0.00 0 10 3.57 0 11 0.00
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Table 14-3 Examples of Bit Rates and BRR Settingsin Asynchronous Mode (6)

g (MHz)
16

Bit Rate Error
(Bits/s) n N (%)
110 3 70 0.03
150 2 207 0.16
300 2 103 0.16
600 1 207 0.16
1200 1 103 0.16
2400 0 207 0.16
4800 0 103 0.16
9600 0 51 0.16
19200 0 25 016
31250 0 15 0.00
38400 0 12 0.16

Notes: 1. Settings with an error of 1% or less are recommended.
2. The BRR setting is calculated as follows:

N = [@/(64 x 22n-1 x B)] x 106 — 1

. bit rate

: BRR setting for baud rate generator (0 < N < 255)
Operation frequency (MHz)
baud rate generator clock source (n =0, 1, 2, 3)
(For the clock sources and values of n, see table 14-4.)

S8 zZzW

Table 14-4 Clock Sourcesand n
SMR Settings

n Clock Source CKS1 CKSO
0 a 0 0
1 al4 0 1
2 /16 1 0
3 /64 1 1

3. Erroris calculated as follows:
Error (%) = {@/[(N + 1) x B x 642n-1] x 106 — 1} x 100

411



Tables 14-5 and 14-6 indicate the maximum bit rates in asynchronous mode for various system
clock frequencies.

Table 14-5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
@ (MHz) Maximum Bit Rate (Bits/s) n N
1 31250 0 0
1.2288 38400 0 0
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table 14-6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

g (MHz) External Clock Input (MHz) Maximum Bit Rate (Bits/s)
1 0.2500 15625
1.2288 0.3072 19200
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table 14-7 shows examples of settings in clocked synchronous mode.

Table 14-7 Examples of Bit Rates and BRR Settingsin Synchronous Mode

g (MHz)

1 2 4 8 10 16
Bit Rate (Bits/s) n N n N n N n N n N n N
110 —_- = 3 70 —_- = —_- = —_- = —_- =
250 1 249 2 124 2 249 3 124 — — 3 249
500 1 124 1 249 2 124 2 249 — — 3 124
1k 0 249 1 124 1 249 1 124 —_ - 2 249
25k 0 99 0 199 1 99 1 199 1 249 2 99
5k 0 49 0 99 0 199 1 99 1 124 1 199
10k 0 24 0 49 0 99 0 199 O 249 1 99
25 k 0 9 0 19 0 39 0 79 0 99 0 159
50 k 0 0 9 0 19 0 39 0 49 0 79
100 k —_- — 0 0 0 19 0 24 0 39
250 k 0 0* 0 0 0 0 0 15
500 k 0 0* 0 0 0 0
1M 0 o* 0 —_- = 0
25M — - 0 0* — -
Blank: No setting available
— Setting possible, but error occurs
* Continuous transmit/receive not possible

Note: The BRR setting is calculated as follows:
N = [g/(8 x 22n-1 x B)] x 106 — 1

B: bit rate
N: BRR setting for baud rate generator (0 < N < 255)
g: Operation frequency (MHz)
n: baud rate generator clock source (n =0, 1, 2, 3)
(For the clock sources and values of n, see table 14-8.)

Table 14-8 Clock Sourcesand n

SMR Settings

n Clock Source CKSs1 CKS0
0 ] 0 0
1 al4 0 1
2 /16 1 0
3 /64 1 1
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14.3 Operation
14.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
clocked synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or clocked synchronous mode and the
communication format are selected in the serial mode register (SMR), as shown in table 14-9.
The SCI clock sourceis selected by the C/A bit in the serial mode register (SMR) and the CKE1
and CKEQ bitsin the serial control register (SCR), as shown in table 14-10.

(1) AsynchronousMode
« Datalength is selectable: seven or eight bits.

« Parity and multiprocessor hits are selectable. So isthe stop bit length (one or two bits). The
foregoing selections constitute the communication format.

« Inrecelving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors
(ORER), and the break state.

* Aninternal or external clock can be selected as the SCI clock source.

— When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a seria clock signal with afrequency matching the bit rate.

— When an external clock is selected, the external clock input must have afrequency 16
times the bit rate. (The on-chip baud rate generator is not used.)

(2) Clocked Synchronous Mode

¢ The communication format has a fixed eight-bit data length.

¢ Inreceiving, it is possible to detect overrun errors (ORER).

* Aninterna or external clock can be selected as the SCI clock source.

— When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.

— When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table 14-9 Serial Mode Register Settings and SCI Communication Formats

SMR Settings

SCI Communication Format

Bit 7 Bit6 Bit5 Bit2 Bit3 Data Parity gﬂrlj)ltt:ie-ssor :ti’?p
C/A CHR PE MP STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous mode  8-bit data Absent Absent 1 bit
1 2 bits
1 0 Present 1bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
17 2 bits
1 0 Present 1 bit
1 2 bits
0 * 1 0 Asynchronous mode  8-bit data Absent Present 1 bit
* 1 (multiprocessor format) 2 bits
1 * 0 7-bit data 1 bit
* 1 2 bits
1 * * * * Clocked synchronous  8-bit data Absent None

mode

Note: Asterisks (O in the table indicate don’t-care bits.

Table 14-10 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Settings
Bit7 Bitl BitO

SCI Transmit/Receive Clock

Clock
C/IA CKE1 CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous Internal General-purpose input/output (SCI does not
mode use the SCK pin)
1 Outputs a clock with frequency matching the
bit rate
1 0 External  Inputs a clock with frequency 16 times the
1 bit rate
1 0 0 Clocked Internal Outputs the serial clock
1 synchronous
mode
1 0 External  Inputs the serial clock
1
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14.3.2 Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
astop hit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
ispossible. Thetransmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 14-2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop hit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes on the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive data are latched at the center of each bit.

Mark (idle) state
1 (LSB) (MSB) 1

Serial | 0 | Dy | D | D, | Ds | Dy | Ds|Ds| Do |2 12
data

Start Parity] Stop
bit bit bit

Transmit or receive data

v
A
Y

1 bit 7 or 8 bits 1 bit lor

or 2 bits
no bit

One data character (frame)

Figure14-2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and Two Stop Bits)
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(1) Transmit/Receive Formats. Table 14-11 shows the 12 communication formats that can be
selected in asynchronous mode. The format is selected by settings in the serial mode register
(SMR).

Table 14-11 Serial Communication For mats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length

CHR| PE | MP |STOP 2,3, 4,5 ,6 7,8, 9 10 11 12
ol oo o | | | ebitgaa | | | |[sTOP
ol o | o0 |1 | | | sbittam | | | [sToPsTOP
ol 110 o0 | ‘ ‘ 8-:bitdat(:a1 ‘ ‘ ‘ | P |STOP
o 10 |1 | ‘ ‘ 8-:bitdat(:’;1 ‘ ‘ ‘ | P |STOP‘ STOP
1100l o | | | 7bitdaa | | |[sTOP
100 | 1 | | 7bitdaa | | |sTOP|sTOP
1|10 o0 | ‘ ‘ 7-:bitdat%1 ‘ ‘ | P |STOP
110 |1 | | | 7bitsaa | | | P |sTOP[sTOP
o+ 1|0 | | | sbitdaa | | | |wes|sTop
o * 1|1 | ‘ ‘ 8-jbit dat(j’;l ‘ ‘ ‘ | MPB |STOP‘ SToP
1 * 1 0 | ‘ ‘ 7—:bit dat%t ‘ ‘ | MPB |STOP
1]+ |11 | | 7bitdata | - |wes |STOP‘ STOP

SMR: serial mode register

S: start bit
STOP: stop bit

P: parity bit
MPB: multiprocessor bit

Note: Asterisks (*) in the table indicate don't-care bits.
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(2) Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock
input from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis
selected by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial
control register (SCR). Seetable 14-10.

When an external clock isinput at the SCK pin, it must have afrequency egual to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phaseisaligned asin figure 14-3 so
that the rising edge of the clock occurs at the center of each transmit data bit.

SCK
LML L L L o
serial | 0 [ Do | Di| D2 | Ds|Ds|Ds|Ds|D7|0L|1 1

data

1 frame

Y

Figure 14-3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

(3) Transmitting and Receiving Data

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, software must clear
the TE and RE bitsto 0 in the serial control register (SCR), then initialize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bits to 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or
subsequent operation. SCI operation becomes unreliable if the clock is stopped.

Figure 14-4 isa sample flowchart for initializing the SCI.
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CStart of initialization)

Clear TE and RE bits to 0 in SCR

Select communication
format in SMR

Set CKE1 and CKEO bits in SCR
(leaving TE and RE cleared to 0)

Set value in BRR

Wait

1 bit interval elapsed?

Set TEor REto 1in SCR
Set RIE, TIE, TEIE, and MPIE
as necessary

Start transmitting
or receiving

No

(1) Select the communication format in
the serial mode register (SMR).

(2) Select the clock source in the
serial control register (SCR).
Leave RIE, TIE, TEIE, MPIE, TE,
and RE cleared to 0. If clock
output is selected, clock output
starts immediately after the setting
is made in SCR.

@ Write the value corresponding to
the bit rate in the bit rate register
(BRR).

@ Wait for at least the interval
required to transmit or receive one
bit, then set TE or RE in the serial
control register (SCR). Also set
RIE, TIE, TEIE, and MPIE as
necessary. Setting TE or RE
enables the SCI to use the TXD or
RXD pin. The initial states are the
mark transmit state, and the idle
receive state (waiting for a start
bit).

Figure 14-4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous M ode): Figure 14-5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

@ |  initialize |

( Start transmitting )

-

@ Read TDRE bit in SSR

e

Yes

Write transmit data in TDR and
clear TDRE bitto 0 in SSR

All data transmitted?
B Yes

Read TEND bit in SSR

SetDR=0,DDR =1

Clear TE bitin SCRto 0

End

(1) SCl initialization: the transmit data

output function of the TXD pin is
selected automatically.

(2) SClI status check and transmit data

write: read the serial status
register (SSR), check that the
TDRE bit is 1, then write transmit
data in the transmit data register
(TDR) and clear TDRE to 0.

(3) To continue transmitting serial

data: read the TDRE bit to check
whether it is safe to write; if so,
write data in TDR, then clear
TDRE to 0. When the DTC is
started by a transmit-data-empty
interrupt request (TXI) to write data
in TDR, the TDRE bit is checked
and cleared automatically.

@ To output a break signal at the end

of serial transmission: set the DDR
bit to 1 and the DR bit to 0 (DDR
and DR are 1/O port registers),
then clear TE to 0 in SCR.

Figure 14-5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the datafrom TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) isset to 1 in SCR, the SCI
requests a transmit-data-empty interrupt (TXI) at thistime.

Serial transmit data are transmitted in the following order from the TXD pin:
a. Start bit: one 0 bit is output.
b. Transmit data: seven or eight bits are output, L SB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor
bit is output. Formatsin which neither a parity bit nor a multiprocessor bit is output can
also be selected.

d. Stop bit: one or two 1 bits (stop bits) are output.
e. Mark state: output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is0, the SCI loads new
datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND bhit to 1 in SSR, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in
SCRisset to 1, atransmit-end interrupt (TEI) is requested.

Figure 14-6 shows an example of SCI transmit operation in asynchronous mode.
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Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1

| D7 [ 0|1 Mark dle)
State

L L
-~ =

)

((
seial | 0 o002 ] [0 Jon] 2] 0 [o0]0s]
data T(

| —

wof| 1
\ \ |

TXI TXI interrupt TXI TEI

request handler writes request request
data in TDR and
clears TDRE to 0

—~
~

L
=

~L
~
£
~=

1 frame

Figure14-6 Exampleof SCI Transmit Operation
(8-Bit Data with Parity and One Stop Bit)
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Receiving Serial Data (Asynchronous Mode): Figure 14-7 shows a sample flowchart for
receiving serial data and indicates the procedure to follow.

@ Initialize

Start receiving

@ Read ORER, PER,
and FER in SSR

PER + FER +

Yes

@ SCl initialization: the receive data
function of the RXD pin is selected
automatically.

(2).(3) Receive error handling and break

detection: if a receive error occurs,
read the ORER, PER, and FER bits in
SSR to identify the error. After
executing the necessary error
handling, clear ORER, PER, and FER
all to 0. Receiving cannot resume if

ORER =172

(4) | Read RDRF bitin SSR

Yes

No

Read receive data
from RDR, and clear RDRF
bit to 0 in SSR

Finished
receiving?

Yes

Clear REto 0 in SCR

End

©

ORER, PER, or FER remains set to 1.
When a framing error occurs, the RXD
pin can be read to detect the break
state.

( Error handling )

(4) SCI status check and receive data
read: read the serial status register
(SSR), check that RDRF is set to 1,
then read receive data from the
receive data register (RDR) and clear
RDRF to 0.

(5) To continue receiving serial data:
check RDRF, read RDR, and clear
RDRF to 0 before the stop bit of the
current frame is received. If the DTC is
started by a receive-data-full interrupt
(RXI) to read RDR, the RDRF bit is
cleared automatically so this step is
unnecessary.

Figure14-7 Sample Flowchart for Receiving Serial Data
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Overrun error
handling

000 1

Yes

No

Start of error
handling

- Framing error

handling

]
—

Parity error

Clear ORER, PER, handling Clear RE to 0in SCR

and FER to 0 in SSR |

End
RTS

Figure 14-7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows.

1

The SCI monitors the receive dataline. When it detects a start bit, the SCI synchronizes
internally and starts receiving.

Receive data are shifted into RSR in order from LSB to MSB.
The parity bit and stop bit are received.
After receiving these bits, the SCI makes the following checks:

a.  Parity check: the number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in SMR.

b. Stop bit check: the stop bit value must be 1. If there are two stop bits, only the first stop
bit is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from RSR into RDR.

If these checks @l pass, the SCI sets RDRF to 1 and stores the received datain RDR. If one
of the checksfails (receive error), the SCI operates asindicated in table 14-12.

Note: When areceive error flag is set, further receiving is disabled. When receiving resumes
after an error flag was set, the RDRF bit is not set to 1.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1 in SCR,
the SCI requests a receive-data-full interrupt (RX1). If one of the error flags (ORER, PER, or
FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCRisaso set to 1, the
SCI requests areceive-error interrupt (ERI).

Figure 14-8 shows an example of SCI receive operation in asynchronous mode.

Table 14-12 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Qverrun error ORER Receiving of next data ends while  Receive data not loaded
RDRF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded
from RSR into RDR
Parity error PER Parity of receive data differs from Receive data loaded
even/odd parity setting in SMR from RSR into RDR
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Start Parity Stop Start Parity Stop

1 bit Data  pit  pit bit Data  pit it 1
) D).
(( ((
Serial 0 | Dg | D1 D; |01 |1 0| Do | D1 D;|0/1 | O | Mark (idle)
data 2 ‘ 7 state
RDRF
) ).
(( ((
FER ) ) T T ).
(( (( T
RXI RXI interrupt handler Framing error,
request reads data in RDR ERI request

and clears RDRF to 0
1 frame

Figure14-8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

14.3.3 Clocked Synchronous Operation

In clocked synchronous mode, the SCI transmits and receives data in synchronization with clock
pulses. Thismodeis suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 14-9 shows the general format in clocked synchronous serial communication.
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Transfer direction

One unit (character or frame) of serial data
* *
S A VAVAVAVAVAVAVAVAW,
LSB MSB
Serial , . . . . . . . . ,
data Don’tcare | BitO A Bit1 A Bit2 A Bit3 A Bit4 A Bit5 A Bit6 A Bit 7 A Don't care

Note: * High except in continuous transmitting or receiving

Figure 14-9 Data Format in Clocked Synchronous Communication

In clocked synchronous serial communication, each data bit is placed on the communication line
from one falling edge of the serial clock to the next. Data are guaranteed valid at the rising edge
of the serial clock. In each character, the seria data bits are transmitted in order from LSB (first)
to MSB (last). After output of the MSB, the communication line remainsin the state of the MSB.
In clocked synchronous mode the SCI receives data by synchronizing with the rising edge of the
serial clock.

(1) Communication Format: The datalength isfixed at eight bits. No parity bit or
multiprocessor bit can be added.

(2) Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock
input from the SCK pin can be selected by clearing or setting the CKEL bit in the serial control
register (SCR). Seetable 14-10. When the SCI operates on an internal clock, it outputs the clock
signal at the SCK pin. Eight clock pulses are output per transmitted or received character. When
the SCI is not transmitting or receiving, the clock signal remainsin the high state.
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(3) Transmitting and Receiving Data

SCI Initialization (Clocked Synchronous Mode): Before transmitting or receiving, software
must clear the TE and RE bitsto 0 in the serial control register (SCR), then initialize the SCI as
follows.

When changing the communication mode or format, always clear the TE and RE hitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

Figure 14-10 is a sample flowchart for initializing the SCI.
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(Start of initialization)

Clear TE and RE bits to 0 in SCR

Set CKE1 and CKEO in SCR
(leaving RIE, TIE, TEIE, MPIE, TE,
and RE cleared to 0)

Set value in BRR

Select communication format
in SMR

Wait

A

1 bit interval elapsed?

Yes

Set TE or REto 1in SCR
Set RIE, TIE, TEIE, and MPIE
as necessary

Start transmitting
or receiving

@ Select the clock source in the
serial control register (SCR).
Write 0 in RIE, TIE, TEIE, MPIE,
TE, and RE.

@ Write the value corresponding to
the bit rate in the bit rate register
(BRR).

(3) Select the serial communication
format in the serial mode register
(SMR).

(4) Wait for at least the interval
required to transmit or receive one
bit, then set TE or RE to 1 in the
serial control register (SCR). Also
set RIE, TIE, TEIE, and MPIE as
necessary. Setting TE or RE
enables the SCI to use the TXD or
RXD pin.

Figure14-10 Sample Flowchart for SCI Initialization




Transmitting Serial Data (Clocked Synchrous Mode): Figure 14-11 shows a sample flowchart
for transmitting serial data and indicates the procedure to follow.

@ | Initialize | (1) SCl initialization: the transmit

data output function of the TXD
— pin is selected automatically.
Start transmitting

et

@ Read TDRE bit in SSR (2) SClI status check and transmit
data write: read the serial

status register (SSR), check
that the TDRE bit is 1, then
No write transmit data in the
transmit data register (TDR)
and clear TDRE to 0.
Yes

Write transmit data in TDR and
clear TDRE bit to 0 in SSR
write; if so, write data in TDR,

All data transmitted?
. Yes
then clear TDRE to 0. When

Read TEND bit in SSR the DTC is started by a

transmit-data-empty interrupt
request (TXI) to write data in

N TDR, the TDRE bit is checked
0 .
¢ and cleared automatically.

Yes

(3) To continue transmitting serial
data: read the TDRE bit to
check whether it is safe to

Clear TE bitto 0 in SCR

Figure14-11 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the datafrom TDR into TSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TX1) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Dataare
output from the TXD pinin order from LSB (bit 0) to MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is0, the SCI loads
datafrom TDR into TSR and begins serial transmission of the next frame. If TDRE is 1, the
SCI setsthe TEND hit in SSR to 1, and after transmitting the M SB, holds the transmit data
pin (TXD) inthe MSB state. If the transmit-end interrupt enable bit (TEIE) in SCR is set to
1, atransmit-end interrupt (TEI) isrequested at thistime.

4. After the end of serial transmission, the SCK pinis held in the high state.

Figure 14-12 shows an example of SCI transmit operation.
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Transmit direction

Serial
clock
- ¢
Serial Bit 0 >< Bit 1 >C >< Bit7 | Bit0 >< Bit1 ) X Bit6 ><Bit7
data N
(

N

TXI TXI interrupt TXI
request handler writes request
data in TDR and

clears TDRE to 0

—

TEI request

1 frame

Figure 14-12 Example of SCI Transmit Operation
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Recelving Serial Data (Clocked Synchronous M ode): Figure 14-13 shows a sample flowchart
for receiving serial data and indicates the procedure to follow. When switching from
asynchronous mode to clocked synchronous mode, make sure that ORER, PER, and FER are
cleared to 0. If ORER, PER, or FER is set to 1 the RDRF bit will not be set and both transmitting
and receiving will be disabled.

@ @ SCl initialization: the receive data function

of the RXD pin is selected automatically.

Start receiving

(2),(3) Receive error handling and break
) detection: if a receive error occurs, read
(2)| Read ORERin SSR the ORER bit in SSR then, after executing

the necessary error handling, clear
ORER to 0. Neither transmitting nor
ORER = 1? Yes receiving can resume while ORER
@ remains set to 1.
No
o (' Error handling )
(4) | Read RDRF bitin SSR

@ SCI status check and receive data read:
read the serial status register (SSR),

No check that RDRF is set to 1, then read
receive data from the receive data

Yes register (RDR) and clear RDRF to 0.

Read receive data
from RDR, and clear
RDRF bitto 0 in SSR

(5) To continue receiving serial data: check
RDRF, read RDR, and clear RDRF to 0
before the MSB (bit 7) of the current frame
is received. If the DTC is started by
a receive-data-full interrupt request (RXI)
to read RDR, the RDRF bit is cleared
automatically so this step is unnecessary.

Clear REto 0 in SCR

Start of error
handling

ORER =17

®

Yes

Overrun error
No handling

Clear ORER to 0
in SSR

RTS

Figure 14-13 Sample Flowchart for Serial Receiving
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In receiving, the SCI operates as follows.
1. The SCI synchronizes with serial clock input or output and initializes internally.
2. Receive data are shifted into RSR in order from LSB to MSB.

After receiving the data, the SCI checks that RDRF is 0 so that receive data can be loaded
from RSR into RDR. If this check passes, the SCI sets RDRF to 1 and stores the received
datain RDR. If the check does not pass (receive error), the SCI operates as indicated in table
14-12.

Note: Both transmitting and receiving are disabled while areceive error flag isset. The
RDRF hit isnot set to 1. Be sureto clear the error flag.

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1in SCR,
the SCI requests areceive-data-full interrupt (RXI). If the ORER bit is set to 1 and the
receive-data-full interrupt enable bit (RIE) in SCR is also set to 1, the SCI requests a receive-
error interrupt (ERI).

Figure 14-14 shows an example of SCI receive operation.

A Transmit direction

Serial
clock
)
seral ><: Y anr Yo >CD< Ve
Bit 7 Bit 0 Bit 7 Bit 0 Bit 1 Bit 6 Bit 7
data N
(

RDRE m {t
ORER / T . \ . Tl—

RXI RXl interrupt handler RXI Overrun error,
request | reads data in RDR and request ERI request
clears RDRF to 0

1 frame

Figure 14-14 Example of SCI Receive Operation
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Transmitting and Receiving Serial Data Simultaneously (Clocked Synchronous M ode):
Figure 14-15 shows a sample flowchart for transmitting and receiving serial data simultaneously
and indicates the procedure to follow.

©) Initialize * (D sCl initialization: the transmit data output function of the TXD
pin and receive data input function of the RXD pin are
selected, enabling simultaneous transmitting and receiving.

Start transmitting
and receiving

@ SCI status check and transmit data write: read the serial
status register (SSR), check that the TDRE bit is 1, then write

@ | Read TDRE bit in SSR | transmit data in the transmit data register (TDR) and clear
TDRE to 0.
No @ Receive error handling: if a receive error occurs, read the
ORER bit in SSR then, after executing the necessary error
Yes handling, clear ORER to 0. Neither transmitting nor receiving

can resume while ORER remains set to 1.

Write transmit data

in TDR and clear TDRE i i
bit to 0 in SSR @ SClI status check and receive data read: read the serial

status register (SSR), check that the RDRF bit is 1, then read
‘ receive data from the receive data register (RDR) and clear
| Read ORERbitinSSR | RDRF t0 0

Yes

ORER =17

®

( Error handling )

@ To continue transmitting and receiving serial data: check
RDREF, read RDR, and clear RDRF to 0 before the MSB (bit
7) of the current frame is received. Also read the TDRE bit to
check whether it is safe to write; if so, write data in TDR, then

Read RDRF bit in SSR

Read receive data clear TDRE to 0 before the MSB (bit 7) of the current frame is
from RDR and clear RDRF transmitted. When the DTC is started by a transmit-data-
bit to 0 in SSR empty interrupt request (TXI) to write data in TDR, the TDRE

bit is checked and cleared automatically. When the DTC is
started by a receive-data-full interrupt request (RXI) to read
RDR, the RDRF bit is cleared automatically.

Finished
transmitting and
receiving?

Yes

Clear TE and RE bits
to 0in SCR

Note: * In switching from transmitting or receiving to simultaneous
End transmitting and receiving, clear both TE and RE to O,
then set both TE and RE to 1.

Figure14-15 Sample Flowchart for Simultaneous Transmitting and Receiving
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14.3.4 Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes I D-sending cycles from data-sending
cycles.

The transmitting processor should start by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor
should send transmit data with the multiprocessor bit cleared to O.

When areceiving processor receives data with the multiprocessor bit set to 1, if multiprocessor
interrupts are enabled, an interrupt is requested. The interrupt-handling routine should compare
the data with the processor’s own ID. If the ID matches, the processor should continue to receive
data. If the ID does not match, the processor should skip further incoming data until it again
receives data with the multiprocessor bit set to 1. Multiple processors can send and receive datain
this way.

Figure 14-16 shows an example of communication among different processors using a
multiprocessor format.

(1) Communication Formats: Four formats are available. Parity-bit settings are ignored when a
multiprocessor format is selected. For details see table 14-9.

(2) Clock: Seethe description of asynchronous mode.

437



Transmitting

processor
¥ Serial communication line
\ A
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID = 01) (ID = 02) (ID =03) (ID = 04)

o NS NS e AN

(MPB = 1) (MPB = 0)

ID-sending cycle: Data-sending cycle:
receiving processor address  data sent to receiving
processor specified by 1D

MPB: multiprocessor bit

Figure14-16 Example of Communication among Processor s using M ultiprocessor Format
(Sending Data H'AA to Receiving Processor A)
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(3) Transmitting and Receiving Data

Transmitting M ultiprocessor Serial Data: Figure 14-17 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.

) | Initialize | (1) SCl initialization: the transmit data
output function of the TXD pin is

Start transmitting selected automatically.

A

2 Read TDRE bit in SSR (2) SClI status check and transmit data
write: read the serial status register

(SSR), check that the TDRE bitis 1,
No then write transmit data in the
transmit data register (TDR). Also
Yes set MPBT (multiprocessor bit

transfer) to 0 or 1 in SSR. Finally,
clear TDRE to 0.

Write transmit data in TDR
and set MPBT in SSR

\
Clear TDRE bitto 0

(3) To continue transmitting serial data:
read the TDRE bit to check whether
it is safe to write; if so, write data in

- TDR, then clear TDRE to 0. When

Read TEND bitin SSR the DTC is started by a transmit-

data-empty interrupt request (TXI)

to write data in TDR, the TDRE bit is
checked and cleared automatically.

@ To output a break signal at the end
of serial transmission: set the DDR
bit to 1 and the DR bit to 0 (DDR
and DR are 1/O port registers), then
clear TE to 0 in SCR.

Output break signal?

Yes

SetDR=0,DDR =1
\
Clear TE bitto 0 in SCR

et

End

Figure14-17 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. After loading the datafrom TDR into TSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCR is set to 1, the SCI
requests a transmit-data-empty interrupt (TX1) at thistime.

Serial transmit data are transmitted in the following order from the TXD pin:

a.  Start hit: one 0 bit is output.

b. Transmit data: seven or eight bits are output, L SB first.

c. Multiprocessor hit: one multiprocessor bit (MPBT value) is output.

d. Stop bit: one or two 1 bits (stop bits) are output.

e. Mark state: output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checksthe TDRE bit when it outputs the stop bit. If TDRE is0, the SCI loads data
from TDR into TSR, outputs the stop bit, then begins serial transmission of the next frame. If
TDRE is 1, the SCI setsthe TEND bit in SSR to 1, outputs the stop bit, then continues output
of 1 bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in SCRissetto 1, a
transmit-end interrupt (TEI) is requested at thistime.

Figure 14-18 shows an example of SCI transmit operation using a multiprocessor format.
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1 Start Data MPB Stop Start Data MPB Stop 1

bit

bit  bit ) bit

Serial data | 0

| Do | D1|:|D7|0/1| 1] 0| Do|Di| [Dr]oit|1 Mark ey

ToRe | A

state

TEND T T T
(( ‘ (( T
TXIrequest  TXlinterrupt handler  TXI request TEI request

writes data in TDR
and clears TDRE to O

1 frame

Figure 14-18 Exampleof SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Receiving Multiprocessor Serial Data: Figure 14-19 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.

@ |  nitaize |

Start receiving

@) | Set MPIE bit to 1 in SCR |

I
| Read ORER and FER bits in SSR |

Yes

FER or ORER =172

3 | Read RDRF bit in SSR

*

Read receive data from RDR

No
_Yes

| Read ORER and FER bits in SSR |

Yes

Y

FER or ORER = 1?

(@)|  Read RDRFbitin SSR |

No

RDRF =1?
Yes

| Read receive data from RDR |

Finished receiving?

Yes
| Clear REto 0 in SCR |

Y

@ SCl initialization: the receive data
function of the RXD pin is selected
automatically.

@ ID receive cycle: Set the MPIE bit in the
serial control register (SCR) to 1.

@ SCI status check and ID check: read
the serial status register (SSR), check
that RDRF is set to 1, then read receive
data from the receive data register
(RDR) and compare with the
processor's own ID. If the ID does not
match the receive data, set MPIE to 1
again and clear RDRF to 0. If the ID
matches the receive data, clear RDRF
to 0.

@ SCI status check and data receiving:
read SSR, check that RDRF is setto 1,
then read data from the receive data
register (RDR).

@ Receive error handling and break
detection: if a receive error occurs, read
the ORER and FER bits in SSR to
identify the error. After executing the
necessary error handling, clear both
ORER and FER to 0. Receiving cannot
resume while ORER or FER remains
set to 1. When a framing error occurs,
the RXD pin can be read to detect the
break state.

®

(' Error handling )

Figure 14-19 Sample Flowchart for Receiving Multiprocessor Serial Data
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Overrun error
handling

]

Yes
Break?

No

Framing error Clear RE bit to
Clear ORER and FER handling? 0in SCR

bits to 0 in SSR

End

Error handling

Figure 14-19 Sample Flowchart for Receiving M ultiprocessor Serial Data (cont)
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Figure 14-20 shows an example of SCI receive operation using a multiprocessor format.

a. Own ID does not match data

Start Stop Start Stop
1 bit Data (ID1)  MPB bit  bit Data (Datal) MPB bit 1
)Y )Y
Serialdata| 0 |D0|D1| |D7| 1 | 1 | 0 |D°| D1| |D7| 0 | 1 Idle (mark)
) ) state
MPB |
)T
MPIE 7 |—| 7
RDRF /
)T )T
f / !
RDR value X \ ID1
|
RXlI request, RXl handler Not own ID, No RXI request,
MPIE =0 reads RDR so MPIE is RDR not updated
data and set to 1 again
clears RDRF
to0

(multiprocessor interrupt)

b. Own ID matches data

Start Stop Start Stop
1 bit Data (ID2)  MPB bit  bit Data (Data2) MPB bit 1
)y )Y
Serialdata| 0 |Do|Di| || 1] 1|0 [Do|Di]| [D7] 0f 1 tde(mark
) ) State
MPB |
)T
)T
MPIE |
RDRF / R
) / \ )T /
RDR value ID1 X ID2\ X /Dataz
| /
RXI request, RXI handler Own ID, so receiv- MPIE set to
MPIE =0 reads RDR ing continues, with 1 again
data and data received at
clears RDRF each RXI
to0

(multiprocessor interrupt)

Figure 14-20 Example of SCI Receive Operation
(Eight-Bit Data with Multiprocessor Bit and One Stop Bit)
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14.4 Interruptsand DTC

The SCI has four interrupt sources in each channel: transmit-end (TEI), receive-error (ERI),
receive-data-full (RX1), and transmit-data-empty (TX1). Table 14-13 lists the interrupt sources
and indicates their priority.

Table 14-13 SCI Interrupt Sources

Interrupt Source Description DTC Availability Priority
ERI Receive error (ORER, PER, or FER) No High
RXI Receive data register full (RDRF) Yes

TXI Transmit data register empty (TDRE) Yes

TEI Transmit end (TEND) No Low

These interrupts can be enabled and disabled by the TIE and RIE bits in the serial control register

(SCR). Each interrupt request is sent separately to the interrupt controller. TXI is requested when
the TDRE bit in SSRisset to 1. TEIl isrequested when the TEND bhitin SSRissetto 1. TXI can
start the data transfer controller (DTC) to transfer data. TDRE is automatically cleared to 0 when

the DTC executes the data transfer. TEI cannot start the DTC.

RXI isrequested when the RDRF bit in SSRisset to 1. ERI is requested when the ORER, PER,
or FER bitin SSRissetto 1. RXI can start the DTC to transfer data. RDRF is automatically
cleared to 0 when the DTC executes the datatransfer. ERI cannot start the DTC.

14.5 Usage Notes
Note the following points when using the SCI.

(1) TDR Writeand TDRE: The TDRE hit in the serial statusregister (SSR) is a status flag
indicating loading of transmit datafrom TDR into TSR. The SCI sets TDRE to 1 when it
transfers datafrom TDR to TSR.

Data can be written into TDR regardless of the state of TDRE. If new data are written in TDR
when TDRE is O, the old data stored in TDR will be lost because these data have not yet been
transferred to TSR. Before writing transmit datato TDR, be sure to check that TDRE is set to 1.

(2) Simultaneous Multiple Receive Errors: Table 14-14 indicates the state of SSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs the RSR
contents are not transferred to RDR, so receive data are lost.
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Table 14-14 SSR StatusFlagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF ORER FER PER RSR - RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 O Framing error

0 0 0 1 O Parity error

1 1 1 0 X Overrun error + framing error

1 1 0 1 X Overrun error + parity error

0 0 1 1 O Framing error + parity error

1 1 1 1 X Overrun error + framing error + parity error

0: Receive data are transferred from RSR to RDR.
x . Receive data are not transferred from RSR to RDR.

(3) Break Detection and Processing: Break signals can be detected by reading the RXD pin
directly when aframing error (FER) is detected. In the break state the input from the RXD pin
consists of all 0s, so FER is set and the parity error flag (PER) may also be set. In the break state
the SCI receiver continuesto operate, so if the FER bit is cleared to O it will be set to 1 again.

(4) Sending aBreak Signal: When TE is cleared to 0 the TXD pin becomes an /O port, the level
and direction (input or output) of which are determined by the DR and DDR bits. This feature can
be used to send a break signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until TE is set
to 1 (the TXD pin function is not selected until TE isset to 1). The DDR and DR bits should
therefore both be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR bit to O, then clear TE to 0. When
TE iscleared to 0 the transmitter isinitialized, regardless of its current state, so the TXD pin
becomes an output port outputting the value 0.

(5) Receive Error Flagsand Transmitter Operation (Clocked Synchronous Mode Only):
When areceive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting
evenif TEissetto 1. Be sureto clear the receive error flags to O when starting to transmit. Note
that clearing RE to O does not clear the receive error flags.

(6) Receive Data Sampling Timing in Asynchronous Mode and Receive Margin: In
asynchronous mode the SCI operates on an base clock with 16 times the bit rate frequency. In
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it samples
on the base clock. Receive data are latched on the rising edge of the eighth base clock pulse. See
figure 14-21.
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16 clocks

8 clocks

oo UL UL LA ULL AL
clock

Receive data —r| Start bit

(RXD)

Synchronization
sampling timing

Data sampling

timing N N

Figure 14-21 Receive Data Sampling Timing in Asynchronous M ode

The receive margin in asynchronous mode can therefore be expressed as in equation (1).

1, |D-05
F— 1+ F)} X 100% «eeeeeeereense 1
2N’ N ( } ° @)

1

M={(05-——)-(L-05-

{055~ (

. Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =010 1.0)
Framelength (L = 9to 12)

Absolute deviation of clock frequency

nmroz<g

From equation (1), if F=0and D = 0.5 the receive margin is 46.875%, as given by equation (2).

D =05F=0
M =(0.5—1/2 x 16) x 100%
ZUAB.BTEY  ererereeereerearereeree et )

Thisisatheoretical value. A reasonable margin to alow in system designsis 20 to 30%.

(7) SCI Channel 3: Use of pinsfor this channel must be enabled by setting bits 6, 5, and 3 in the
port A control register (PACR). Channel 3 isnot present in the H8/538.
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Section 15 A/D Converter

15.1 Overview

The chip includes a 10-bit successive-approximations A/D converter. Software can select a
maximum of 12 analog input channels.

15.1.1 Features
A/D converter features are listed bel ow.

e Ten-hit resolution
Number of input channels: 12

e High-speed conversion
Conversion time: minimum 13.4 s per channel (10-MHz system clock, H8/538), minimum
8.3 s per channel (16-MHz system clock, H8/539)

¢ Two conversion modes
Single mode: A/D conversion of one channel
Scan mode: continuous conversion on one to 12 channels

e Twelve 10-bit A/D dataregisters
A/D conversion results are transferred for storage into 12 A/D dataregisters. Each channel
hasits own A/D dataregister.

e Built-in sample-and-hold function
A sample-and-hold circuit is built into the A/D converter, permitting a simplified external
analog input circuit.

e A/D conversion interrupt with DTC (data transfer controller) support
At the end of A/D conversion, an A/D end interrupt request (ADI) can be sent to the H8/500
CPU. The ADI interrupt can also be served by the DTC.

e External triggering
A/D conversion can be started by an external trigger signal.

e Selectable analog conversion voltage range
The analog voltage conversion range can be set from 3.5to0 5.5V by input at the V geg pin.

e A/D conversion can also be started by the IPU.
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15.1.2 Block Diagram

Figure 15-1 shows a block diagram of the A/D converter.

VREF—# ©
AVee—m é
'g_ o - N (3] < n © N~ [e¢] [<)] < m
10 bit 52 r|le|le|e|x || ||| ||
OlssC|g]8]2(2(818]8]8128128 1818
DIA ©° |z |z|s| ||| || |<|<
8
g
AVgg—m| 0
| UODDUUDUUDDD
< Module data bus
e »|+
5 Ll A/D conversion %
ﬁmo4 ; | control circuit % & T on-chip
1™ ! i C 18) 2 C -chi
ANz = 5 | | ;3 2 2 ﬁ data bus
ANg— & | camole-anc @
AN, —»| 5 | Sample-and-hold WY RREY
AN £ | circuit
ANg—»| E ||
AN; —»| © ]
ANg —» g
ANg —»| < L—— ADI interrupt request signal
AN1g —» ADTRG external trigger signal
ANp; —» (or IPU compare match signal)
2/8
2/16
Legend
ADDRO: A/D data register O ADDRY7: A/D data register 7
ADDR1: A/D data register 1 ADDRS: A/D data register 8
ADDR2: A/D data register 2 ADDRO9: A/D data register 9

ADDRS:
ADDRA4:
ADDRS:
ADDRG:

A/D data register 3
A/D data register 4
A/D data register 5
A/D data register 6

ADDRA: A/D data register A
ADDRB: A/D data register B
ADCR: A/D control register
ADCSR: A/D control/status register

Figure15-1 A/D Converter Block Diagram
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15.1.3 Input/Output Pins

Table 15-1 summarizes the A/D converter’sinput pins. The 12 analog input pins (ANg to AN44)
are divided into three groups: ANg to AN3 (group 0), AN, to AN (group 1), and ANg to AN
(group 2). The ADTRG pin can trigger the start of A/D conversion externally. The A/D converter
starts A/D conversion when alow pulseis applied to this pin. AVcc and AVgg are the power
supply for the analog circuits in the A/D converter. Vrgr iSaconversion reference voltage.

To protect the reliability of the chip, AVec, AVss, Ve, and Vgg should be related as follows:
AVc = Ve * 10%; AVgg = Vas. AV and AVgg must not be eft open, even if the A/D converter
is not used (include hardware/software stand-by mode). Voltages applied to the analog input pins
should be in the range AVss < ANN < Vigr .

Table15-1 A/D Converter Pins

Pin Name Abbreviation Input/Output Function

Analog power supply  AVcc Input Analog power supply

Analog ground AVgg Input Analog ground and reference voltage
Reference voltage VREr Input Analog reference voltage

Analog input O ANg Input Analog input pins 0 to 3 (analog group 0)
Analog input 1 AN, Input

Analog input 2 AN, Input

Analog input 3 ANz Input

Analog input 4 ANy Input Analog input pins 4 to 7 (analog group 1)
Analog input 5 ANg Input

Analog input 6 ANg Input

Analog input 7 AN Input

Analog input 8 ANg Input Analog input pins 8 to 11 (analog group 2)
Analog input 9 ANg Input

Analog input 10 ANqg Input

Analog input 11 AN Input

A/D trigger ADTRG Input External trigger pin for A/D conversion
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15.1.4 Register Configuration

Table 15-2 summarizes the A/D converter’'s registers.

Table 15-2 A/D Converter Registers

Address Name Abbreviation R/W Initial Value
H'FEAO A/D data register 0 (high/low) ADDRO(H/L) R H'0000
H'FEA2 A/D data register 1 (high/low) ADDR1(H/L) R H'0000
H'FEA4 A/D data register 2 (high/low) ADDR2(H/L) R H'0000
H'FEA6 A/D data register 3 (high/low) ADDR3(H/L) R H'0000
H'FEA8 A/D data register 4 (high/low) ADDRA4(H/L) R H'0000
H'FEAA A/D data register 5 (high/low) ADDR5(H/L) R H'0000
H'FEAC A/D data register 6 (high/low) ADDRG6(H/L) R H'0000
H'FEAE A/D data register 7 (high/low) ADDR7(HI/L) R H'0000
H'FEBO A/D data register 8 (high/low) ADDRS8(H/L) R H'0000
H'FEB2 A/D data register 9 (high/low) ADDR9(H/L) R H'0000
H'FEB4 A/D data register A (high/low) ADDRA(HI/L) R H'0000
H'FEB6 A/D data register B (high/low) ADDRB(H/L) H'0000
H'FEBS A/D control/status register ADCSR R/W* H'00
H'FEB9 A/D control register ADCR R/W H'1F

Note: * Software can write O in bit 7 of the A/D control/status register (ADCSR) to clear the flag,

but cannot write 1.
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15.2 Register Descriptions
15.2.1 A/D Data RegistersOtoB

A/D dataregisters 0 to B (ADDRO to ADDRB) are 16-bit read-only registersthat store the results
of A/D conversion of the analog inputs. There are 12 registers, corresponding to analog inputs 0
to 11 (ANgto AN44). The A/D dataregisters are initialized to H'0000 by areset and in the
standby modes.

Bit 7 6 5 4 3 2 1 0
ﬁjtp))l;;ng/te) AD9 ‘ AD8 ‘ AD7 ‘ AD6 ‘ AD5 ‘ AD4 ‘ AD3 ‘ AD2 |
Initial value 0

R/W R R R R R R R R
Bit 7 6 5 4 3 2 1 0
(owertyiey [ A0 [ a0 [ — [ — [ = [ = [ = [ — ]
Initial value 0 0 0 0 0 0 0

R/W R R R R R R R R

The on-chip A/D converter converts the analog inputs to 10-bit digital values. The upper eight of
the 10 bits are stored in the upper byte of the A/D data register of the selected channel. The lower
two bits are stored in the lower byte of the A/D dataregister. Only the two upper bits of the lower
byte of an A/D dataregister are valid. Table 15-3 indicates the pairings of analog input channels
and A/D dataregisters.

The H8/500 CPU can always read and write the A/D dataregisters. The upper byte must aways
be read before the lower byte. It is possible to read only the upper byte of an A/D data register,
but it is not possible to read only the lower byte. For further details see section 15.3, “H8/500
CPU Interface” Bits5to 0 of the A/D dataregisters are reserved bits that cannot be modified and
awaysread 0.
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Table 15-3 Analog Input Channelsand A/D Data Registers

Analog Input A/D Data Analog Input A/D Data Analog Input A/D Data
Channel Register Channel Register Channel Register
ANg ADDRO ANy ADDR4 ANg ADDRS8
ANy ADDR1 ANs ADDR5 ANg ADDR9
AN, ADDR2 ANg ADDR6 AN;g ADDRA
ANg ADDR3 AN, ADDRY AN ADDRB

15.2.2 A/D Control Status Register

The A/D control status register (ADCSR) is an eight-bit readable/writable register that selects the
A/D conversion mode. ADCSR isinitialized to H'00 by areset and in the standby modes.

Bit 7 6 5 4 3 2 1 0

| ADF ‘ ADIE ‘ ADM1 ‘ ADMO ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO |
Initial value 0 0 0 0 0 0 0 0
R/W R/(W)* R/W R/W R/W R/W R/W R/W R/W

]

Channel select 3—0

These bits select analog input
channels

A/D mode 1/0
These bits select the A/D conversion mode
(single and scan modes)

— A/D interrupt enable
Enables and disables A/D end interrupts

— A/D end flag
Indicates end of A/D conversion

Note: * Software can write O to clear the flag but cannot write 1.

454



(1) Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion. ADFisinitializedto 0
by areset and in the standby modes.

Bit 7

ADF Description

0 A/D conversion is in progress or the A/D converter is idle (Initial value)
ADF is cleared to 0 when:
1. Software reads ADF after it has been set to 1, then writes 0 in ADF
2. The DTC is started by ADI

1 A/D conversion has ended and a digital value has been loaded into one or

more A/D data registers

ADF is set to 1 when:

1. A/D conversion ends in single mode

2. All conversion in one selected analog group ends

After ADFissetto 1, the A/D converter operates differently in single mode and scan mode. In
single mode, after loading a digital value into an A/D dataregister, the A/D converter sets ADF to
1 then goesinto the idle state. In scan mode, after completing all conversion in one selected
analog group, the A/D converter sets ADF to 1 then continues converting.

Software cannot write 1 in ADF.

(2) Bit 6—A/D Interrupt Enable (ADIE): Enables or disablesthe A/D end interrupt (ADI).
ADIE isinitialized to 0 by areset and in the standby modes.

Bit 6

ADIE Description

0 A/D end interrupt (ADI) is disabled (Initial value)
1 A/D end interrupt (ADI) is enabled

When A/D conversion ends and the ADF bitin ADCSRissetto 1, if ADIEisalso setto1an A/D
end interrupt (ADI) isrequested. The ADI interrupt request can be cleared by clearing ADF to 0
or clearing ADIE to 0.
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(3) Bits5and 4—A/D Maode 1/0 (ADM 1/0): These hits select single mode, four-channel scan
mode, eight-channel scan mode, or 12-channel scan mode as the A/D conversion mode. ADM1
and ADMO are cleared to 00 by areset and in the standby modes, selecting single mode. To
ensure correct operation, always clear ADST to 0 before changing the conversion mode.

Bit 5 Bit 4

ADM1 ADMO Description

0 0 Single mode

0 1 Four-channel scan mode (analog group 0, 1, or 2)

1 0 Eight-channel scan mode (analog groups 0 and 1)

1 1 Twelve-channel scan mode (analog groups 0, 1, and 2)

When ADM1 and ADMO are cleared to 00, single mode is selected. In single mode one analog
channel is converted once. The channel is selected by bits CH3 to CHOin ADCSR.

Setting ADM 1 and ADMO to 01 selects four-channel scan mode. In scan mode, one or more
channels are converted continuously. The channels converted in scan mode are selected by bits
CH3to CHOin ADCSR. In four-channel scan mode, A/D conversion is performed in the four
channelsin analog group 0 (ANg to AN3), analog group 1 (AN, to AN-), or analog group 2 (ANg
t0 AN1).

Setting ADM1 and ADMO to 10 selects eight-channel scan mode. A/D conversion is peformed in
the eight channelsin analog group 0 (ANg to AN3) and analog group 1 (AN,4 to AN-).

Setting ADM1 and ADMO to 01 selects 12-channel scan mode. A/D conversion is performed in
the 12 channels in analog group 0 (ANq to AN3), analog group 1 (AN4 to AN-), and analog group
2 (ANgto ANy,).

For further details on operation in single and scan modes, see section 15.4, “Operation.”
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(4) Bits3to0—Channd Select 3to 0 (CH3to CHO): These bitsand ADM1 and ADMO select
the analog input channels. CH3 to CHO areinitialized to 0000 by areset and in the standby
modes. To ensure correct operation, always clear ADST to 0 in the A/D control register (ADCR)
before changing the analog input channel selection.

Bit 3 Bit 2 Bit 1 Bit 0 Analog Input Channels
CH3 CH2 CH1 CHO Single Mode Four-Channel Scan Mode
0 0 0 0 ANp (Initial value) ANy
0 1 AN, ANp 1
1 0 AN, ANg_,
1 1 ANg ANg_3
1 0 0 AN, AN,
0 1 ANg ANy 5
1 0 ANg AN4_g
1 1 AN, ANy,
1 01 0 0 ANg ANg
0 1 ANg ANg o
1 0 ANy, ANg_1o
1 1 ANy, ANg_1q
Bit 3 Bit 2 Bit 1 Bit 0 Analog Input Channels
CH3 CH2 CH1 CHO Eight-Channel Scan Mode 12-Channel Scan Mode
0 0 0 0 ANg 4 ANg 4 8
0 1 ANo, 1,4,5 ANo, 1,4,5,8,9
1 0 ANg 246 ANg > 46 8-10
1 1 ANg_7 ANg_11
1 0 0 ANg 4 ANg 4 g
0 1 ANg 1,45 ANp 1,458 9
1 0 ANg_2 46 ANg_2, 4-6,8-10
1 1 ANg_; ANg_11
1 01 0 0 Reserved*2 ANp 4 3
0 1 ANp, 1, 4,589
1 0 ANo_2, 4-6,8-10
1 1 ANg_11

Notes: 1. Must be cleared to 0.
2. Reserved for future expansion. Must not be used.
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15.2.3 A/D Control Register

The A/D control register (ADCR) is an eight-bit readabl e/writable register that controls the start of
A/D conversion and selectsthe A/D clock. ADCR isinitialized to H'1F by areset and in the
standby modes. Bits4 to 0 of ADCR are reserved for future expansion. They cannot be modified
and alwaysread 1.

Bit 7 6 5 4 3 2 1 0

| TRGE ‘ CKS ‘ ADST ‘ —

Initial value 0 0 0 1 1 1 1 1
R/W R/W R/W R/W — — — - _
L t Reserved bits
A/D start

Starts and stops A/D conversion

L Clock select
Selects the A/D conversion time

— Trigger enable
Enables and disables external triggering of A/D conversion

(1) Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.
When TRGE is set to 1, P7, automatically becomes the ADTRG input pin. TRGE isinitialized
to 0 by areset and in the standby modes.

Bit 7

TRGE Description

0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion can be externally triggered (P7; is the ADTRG pin.)

After TRGE issetto 1, if alow pulseisinput at the ADTRG pin, the A/D converter detects the
falling edge of the pulse and setsthe ADST bitin ADCR to 1. Subsequent operation is the same
asif software had set the ADST bit to 1. External triggering operates only when the ADST bit is
cleared to O.

When the external trigger function is used, the low pulse input at the ADTRG pin must have a
width of at least 1.5 system clocks (1.5@). For further details see section 15.4.4, “External
Triggering of A/D Conversion.”
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(2) Bit 6—Clock Select (CKS): Selectsthe A/D conversiontime. A/D conversion is performed
in 266 stateswhen CKSiscleared to 0, or in 134 stateswhen CKSissetto 1. CKS isinitialized
to 0 by areset and in the standby modes. To ensure correct operation, aways clear ADST to 0
before changing the A/D conversion time.

Bit 6

CKS Description

0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

(3) Bit 5—A/D Start (ADST): Starts and stops A/D conversion. A/D conversion starts when
ADST isset to 1 and stopswhen ADST isclearedto 0. ADST isinitializedto 0O by areset and in
the standby modes.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)
1 A/D conversion is in progress

Clearing conditions:
1. Single mode: cleared to 0 automatically at the end of A/D conversion
2. Scan mode: check that ADF is set to 1 in ADCSR, then write 0 in ADST

The ADST bit operates differently in single and scan modes. In single mode, ADST iscleared to
0 automatically after A/D conversion of one channel. In scan mode, after all selected analog
inputs have been converted A/D conversion of all these channels begins again, so ADST remains
set to 1. When the conversion time or analog input channel selection is changed in scan mode, the
ADST hit should first be cleared to 0 to halt A/D conversion.

Before changing the A/D conversion time (CKS bit in ADCR), operating mode (ADM1/0 bitsin
ADCSR), or analog input channel selection (bits CH3 to CHO in ADCSR), always check that the
A/D converter is stopped (ADST = 0). Making these changes while the A/D converter is
operating (ADST = 1) may produce incorrect valuesin the A/D dataregisters.

(4) Bits4to 0—Reserved: These bits are reserved for future expansion. They cannot be
modified and always read 1.
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15.3 H8/500 CPU Interface

A/D dataregisters 0 to B (ADDRO to ADDRB) are 16-hit registers, but they are connected to the
H8/500 CPU via an eight-bit on-chip data bus. The upper and lower bytes of an A/D data register
are necessarily read separately. To prevent data from changing between the reading of the upper
and lower bytes of an A/D dataregister, the lower byteis read using atemporary register (TEMP).
The upper byte can be read directly.

An A/D dataregister isread asfollows. The upper byte must be read first. The H8/500 CPU
receives the upper-byte data directly at thistime. At the same time, the A/D converter transfers
the lower-byte datainternally into TEMP. Next, when the lower byte is read, the H8/500 CPU
receives the contents of TEMP.

When reading an A/D data register using byte operand size, always read the upper byte before the
lower byte. It ispossible to read only the upper byte, but if only the lower byte is read incorrect
datamay be obtained. When an A/D dataregister is read using word operand size, the upper byte
will automatically be read before the lower byte.

Figure 15-2 shows the data flow when an A/D dataregister isread. In the example shown, the
upper byte of the A/D dataregister contains H'/AA and the lower byte contains H'40. First the
H8/500 CPU reads H'AA directly from the upper byte while H'40 is transferred to TEMP in the
A/D converter. Next, when the H8/500 CPU reads the lower byte of the A/D data register, it
obtains the TEMP contents.
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(1) ADDRnNH (upper byte) read: ADDRnH [H'AA] - H8/500 CPU [H'AA] @

ADDRNL [H'40] — TEMP [H'40]
® o Module data bus

H8/500 CPU ~ S
(H'AA) 5
On-chip bus | £
1]
>
m

® | TEMP (H'40) |

| ADDRNH (H'AA) || ADDRNL (H'40) |

(2) ADDRnL (lower byte) read: ADDRnH [H'??] - Not transferred
ADDRNL [H'??] - Not transferred
TEMP [H'40] - H8/500 CPU [H'40] (C)

© Module data bus
H8/500 CPU M o
' ©
(H40) £ —
On-chipbus |
2 ©
m
| TEMP(H40) |
ADDRNH (H??) || ADDRnL (H?7) |

Figure15-2 A/D Data Register Read Operation (Reading H'AA40)
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15.4 Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes. single mode and scan mode. In single mode, one selected channel is converted
once. In scan mode, one or more selected channels are converted repeatedly until the ADST hit in
the A/D control register (ADCR) is cleared to O.

15.4.1 Single Mode

Single mode can be selected to perform one A/D conversion on one channel. Single mode is
selected by clearing bits ADM1 and ADMO to 00 in the A/D control/status register (ADCSR).
A/D conversion then starts when the ADST bitisset to 1in ADCR. The ADST bit remains set to
1 during A/D conversion and is automatically cleared to O when conversion ends. When
conversion ends the ADF bitissetto 1in ADCSR. If the ADIE bitisalsosetto 1, an ADI
interrupt is requested. To clear ADF to O, first read ADF after ADF has been set to 1, then write O
in ADF. If the ADI interrupt is served by the data transfer controller (DTC), however, ADF is
cleared to 0 automatically.

Figure 15-3 shows a flowchart for selecting analog input channel 1 (AN,) and performing A/D
conversion in single mode. Figure 15-4 isatiming diagram.
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C Single mode )

@ With ADST cleared to 0, set
TRGE and CKS (the settings
shown disable external
triggering and select 134-
state conversion time).

(2) Set ADM1, ADMO and CH3
to CHO in ADCSR (the
settings shown enable ADI
interrupts, select single
mode, and select AN1).

(3) Set ADST to 1 to start A/D
conversion.

(4) Wait for ADF (A/D end flag)
‘ to be setto 1 in ADCSR.
- When ADF is set, an ADI

interrupt is requested and the
@ N A/D result processing routine
o
starts (5).

@ [A/D result processing

® Read A/D data register routine]

(while ADF = 1 and ADST = 0) Read the A/D data register.
(ADST has been cleared to 0

automatically.)

(6) Read the 1 value of ADF,
(®) Read ADCSR and clear ADF to 0 then write O to clear ADF to 0.

@ To convert the same channel

again, go to step (3). To
change the mode or channel,

No
C End )

@ H'20 - ADCR
(TRGE =0, ADST =0, CKS =1)

@ H'01 -~ ADCSR
(ADIE = 0, ADM1, 0 = 00, CH3-0 = 0001)

go to step (1).
Figure 15-3 Flowchart for Single Mode
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ADI interrupt request ‘
ADI interrupt request

A
ADST bi Set ADST | | ADST cleared to 0 | | setADST to 1+
(ADCR bit 5) to1* I
ADF bit \A/D conversion starts\ ¥ tCOIeosiLr ABF @%ﬁr ABF
(ADCSR bit 7) l\ g N
Channel 0 (ANg) [ Waiting \ \ ¢
Channel 1 (AN;) | Waiting | Z*c’,'ﬁversion@ |\ * Waiting AD sion@|  Waiting ¢
Channel 2 (ANy) | Waiting )\ \ 8
Channel 3 (AN3) | Waiting \ \ e
Channel 4 (ANg) | Waiting \ \ e
Channel 5 (ANs) | waiting \\ \\ ¢
Channel 6 (ANg) | Waiting \ \ 3
Channel 7 (AN;) | Waiting \ l\ @
Channel 8 (ANg) | Waiting \ \ e
Channel 9 (ANg) | Waiting \ \ e
Channel 10 (AN10)| Waiting \ \ e
Channel 11 (ANy,) | Waiting \ \ ¢
\ Read conversion result* \
ADDRO ¢ HO0000 | l \ ¢
ADDR1 ¢ H0000 X VAID conversion result @ Xie%{mers“’“ @
ADDR2 ¢ H0000 ¢
ADDR3 ¢ HO0000 ¢
ADDR4 ¢ H0000 ¢
ADDR5 ¢ H0000 ¢
ADDR6 ¢ HO0000 ¢
ADDR? ¢ H0000 ¢
ADDR8 ¢ H0000 ¢
ADDR9 ¢ H0000 ¢
ADDRA ¢ H0000 ¢
ADDRB ¢ H0000 ¢

Note: * Vertical arrows (1) indicate instructions executed by software. Boxes
indicate operations performed by the A/D converter.

Figure 15-4 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2 Scan Mode

Scan mode can be selected to perform A/D conversion on one or more channels repeatedly (to
monitor the channels continuously, for example). Scan mode is selected by setting bits ADM 1
and ADMO in the A/D control/status register (ADCSR) to 01, 10, or 11. The 01 setting selects
four-channel scan mode. The 10 setting selects eight-channel scan mode. The 11 setting selects
12-channel scan mode. A/D conversion starts when the ADST bit in ADCRisset to 1.

In scan mode the channels are converted in ascending order of channel number (ANg, ANy, ...,
AN17). The ADST bit remains set to 1 until software clearsit to 0.

When all conversion in one selected analog group is completed, the ADF bit in ADCSR isset to 1,
then A/D conversion is performed again. If the ADIE bitin ADCSR is set to 1, then when ADF is
setto 1 an ADI interrupt is requested. To clear ADF to O, first read ADF after it hasbeen setto 1,
then write 0 in ADF. If the ADI interrupt is served by the data transfer controller (DTC), however,
ADF iscleared to O automatically.

Figure 15-5 shows a flowchart for selecting analog input channels 0 and 1 (ANg and AN4) and
performing A/D conversion in four-channel scan mode. Figure 15-6 is atiming diagram.
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C Scan mode )

H20 -~ ADCR
(TRGE =0, ADST =0, CKS =1)

H'11 - ADCSR
(ADIE = 0, ADM1, 0 = 01, CH3-0 = 0001)

1 - ADST

‘ —

e

Yes

Read A/D data registers
(while ADF =1 and ADST =1)

Read ADCSR and clear ADF to 0

Continue monitoring?

No

0 - ADST

C End )

@ With ADST cleared to 0, set
TRGE and CKS (the settings
shown disable external
triggering and select 134-
state conversion time).

(2) Set ADM1, ADMO and CH3
to CHO in ADCSR (the
settings shown enable ADI
interrupts, select four-channel
scan mode, and select ANO
and AN1).

(3) Set ADST to 1 to start A/D
conversion.

(4) wait for ADF (A/D end flag)
to be setto 1 in ADCSR.
When ADF is set, an ADI
interrupt is requested and the
A/D result processing routine

starts (5).

@ [A/D result processing
routine]
Read the A/D data registers.
(ADST remains set to 1.)

(6) Read the 1 value of ADF,
then write 0 to clear ADF to 0.

(7) To continue monitoring, go
to step (4). To change the
mode or channels, go to step

Write 0 in ADST to stop A/D
conversion.

Figure 15-5 Flowchart for Scan Mode
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ADI interrupt request

%ADI interrupt request |
M

. Set ADST
ADST blt_ to 1* (D
(ADCR bit 5) Clear ADF Clear ADF
) A/D conversion starts ‘ to 0* to 0*
ADF bit ‘ J v
(ADCSR bit 7)

‘ Continuous A/D conversion

Channel 0 (ANp) | Waiting

AID .
| conversion lml Waiting

AID -
|1 conversion ml Waiting

[0 o 0
& conversion

Channel 1 (AN;) | Waiting

[N AP ersion | | Waiting \\|‘ AID ersion \| Waiting ¢

Channel 2 (ANy) | Waiting

Channel 3 (AN3) | Waiting

Channel 4 (ANy) | Waiting

Channel 5 (ANs) | Waiting

Channel 6 (ANg) | Waiting

Channel 7 (AN;) | Waiting

Channel 8 (ANg) | Waiting

Channel 9 (ANg) [ waiting

Channel 10 (AN1o)|[ Waiting

1 1

Channel 11 (AN11)| Waiting

\ \

ADDRO ¢

x Y A/D conversion \
result

X Y A/D conversion \
result

Y A VER VA VI aVEAVIA LAV A VEQ VAV,

T Y
\] i A/D conversion
X A/D conversion result result

)

w -
Read conversion result*

H'0000
ADDR1 ¢ H'0000
ADDR?2 e H'0000
ADDR3 ¢ H0000
ADDR4 ¢ H0000
ADDR5 ¢ H0000
ADDR6 ¢ H0000
ADDR7 ¢ H0000
ADDR8 ¢ H0000
ADDR9 ¢ H0000
ADDRA ¢ H0000
ADDRB ¢ H0000

VAR YA VAMVEVED VA VIV EG VLV,

Note: * Vertical arrows (1) indicate instructions executed by software. Boxes
indicate operations performed by the A/D converter.

Figure15-6 Exampleof A/D Converter Operation
(Four-Channel Scan Mode, Channels 0 and 1 Selected)
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15.4.3 Analog Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter starts sampling the
analog inputs at atime tp (synchronization delay) after the ADST bit isset to 1 in the A/D control
register (ADCR). Figure 15-7 shows the sampling timing.

The A/D conversion time (tcony) includes tp and the analog input sampling time (tgp ). The
length of tp varies because it includes time needed to synchronize the A/D converter. The total
conversion time therefore varies within the ranges indicated in table 15-4.

In scan mode, the tcony Values given in table 15-4 apply to thefirst conversion. In the second
and subseguent conversions there isno tp, and tcony IS fixed at 256 states when CKS =0 or 128
states when CKS=1.

Table 15-4 A/D Conversion Time (Single M ode)

CKS =0 CKsS=1
Iltem Symbol Min Typ Max  Min Typ Max Unit
Synchronization delay o 10 — 17 6 — 9 States
Input sampling time tspL — 80 — — 40 —
A/D conversion time tcony 259 — 266 131 — 134
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Address bus

Internal write
signal

Analog input

A/D conversion time (tconv)

A

Synchronization
delay (tp)

Analog input
sampling time
(tspu)

Write cycle
(3 states)

A/D synchroni-
zation time
(max 14 states)

JUUUuL
—X ADCR X

LT

;}A

ADST write

timing

sampling signal

A/D converter

ADF (ADCR)

]

Idle

Sample & hold

)
(

A/D conversion
)
(

End of A/D

conversion
))
T(

Figure15-7 A/D Conversion Timing
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15.4.4 External Triggering of A/D Conversion

A/D conversion can be started by input of an external trigger signal. External triggering is
enabled by setting the TRGE hit to 1 in the A/D control register. When the TRGE bitisset to 1,
P7, automatically becomesthe ADTRG input pin. If alow pulseisinput at the ADTRG pinin
this state, the A/D converter detects the falling edge of the pulse and setsthe ADST bit to 1.
Figure 15-8 shows the external trigger input timing.

The ADST bit is set to 1 one state after the A/D converter samples the falling edge of the ADTRG
signal. Thetime from when the ADST hit isset to 1 until A/D conversion beginsisthe same as
when software writes 1 in ADST.

_ lstate

A A
2
Setup time \ADTRG pin

ADTRG input 2 lIrQ1s sampling timing
(worst case) \

Setup time < thQlS
-———————

ADTRG input
(best case)

ADST bit (

Figure15-8 External Trigger Input Timing
15.4.5 Starting A/D Conversion by |PU

A/D conversion can be started by a compare match in the on-chip integrated-timer pulse unit
(IPU). To start A/D conversion by IPU compare match, follow the procedure given next.

1. Set bits DOE21 and DOE20 (bits 7 and 6) to 1,0 in IPU channel 1 timer output enable
register A (TOERA).

2. Set the starting time of the A/D converter in IPU channel 1 dedicated register 2 (DR2).

3. Setthe TRGE bit to 1inthe A/D control register.

4. Clear the EXTRG bit in the ADTRG register (bit 7 at address H'FEDC) to 0.

After these settings, A/D conversion will start when the IPU channel 1 timer counter value
matches DR2. In this case A/D conversion cannot be started by input at the ADTRG pin. When
the IPU starts A/D conversion, the timing is the same as if the T1OC, pin were externally
connected to the ADTRG pin. Seethe relevant timing diagrams for these pins.
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15.5 Interruptsand DTC

The A/D converter can request an A/D end interrupt (ADI) at the end of conversion. ADI is
enabled when the ADIE bit is set to 1 in the A/D control/status register (ADCSR), and disabled
when ADIE iscleared to 0.

If the ADI bit in the interrupt controller’s data transfer enable register A (DTEA) isset to 1, the
ADI interrupt is served by the data transfer controller (DTC). When the DTC is started by ADI to
perform a data transfer, the ADF bit in ADCSR is automatically cleared to 0. For further details
onthe DTC, see section 7, “Data Transfer Controller.”

15.6 Usage Notes
When using the A/D converter, note the following points:

(1) Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pins should be in the range AVgg < ANN < Ve .

(2) Relationshipsof AV and AVggto Ve and Vsg: AVc, AVsg, Ve, and Vgg should be
related as follows: AVee = Ve = 10%; AVsg = Vs, AV and AVsg must not be left open, even
if the A/D converter is not used (include hardware/software stand-by mode).

(3) VRer Input Range: The reference voltage input at the Vrgg pin should be in the range
Vrer < AVcc -

Failure to observe points (1), (2), and (3) above may degrade chip reliability.

(4) Noteon Board Design: In board layout, separate the digital circuits from the analog circuits
asmuch as possible. Particularly avoid layoutsin which the signal lines of digital circuits cross or
closely approach the signal lines of analog circuits. Induction and other effects may cause the
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D conversion.

The analog input signals (ANg to AN44), analog reference voltage (Vgrggr), and analog supply
voltage (AV cc) must be separated from digital circuits by the analog ground (AVgg). The analog
ground (AV gg) should be connected to a stable digital ground (V sg) at one point on the board.

(5) Noteon Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (ANg to AN1;) and analog reference voltage pin (Vggg), connect a protection circuit
like the one in figure 15-9 between AV ¢ and AVgs. The bypass capacitors connected to AV ¢
and V ger and the filter capacitors connected to ANg to AN, must be connected to AV gg. If filter
capacitors like those in figure 15-9 are connected, the voltage values input to the analog input pins
(ANg to AN44) will be smoothed, which may give rise to error. The circuit constants should
therefore be selected carefully.
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(6) To Maintain Accurate Conversion: Connect the V rgg and AV g5 pins to a stable power
supply or ground. Inside the A/D converter, Vgee and AV g5 become inputs to the circuit that
generates the comparison voltages during A/D conversion. External disturbances on the V ggr and
AV gg lines will have an adverse effect on accuracy.

o AVec
O VREF
HB8/53x
ANp-11
1]
O AVss
Notes: 1. /v
10 uF 0.01 pF

2. Rin: input impedance

Figure15-9 Exampleof Analog Input Protection Circuit

1.0kQ

ANog_11 O—J\N\T> To A/D converter
l 20 pF

Note: Numeric values are approximate, except in table 15-5.

Figure15-10 Analog Input Pin Equivalent Cir cuit

Table 15-5 Analog Input Pin Ratings

Iltem Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10 kQ
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(7) A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/538 and H8/539
is defined as follows:

« Resolution: digital output code length of A/D converter

« Offset error: deviation from ideal A/D conversion characteristic of analog input voltage
required to raise digital output from minimum voltage value 0000000000 to 0000000001,
excluding quantization error (figure 15-12)

» Full-scale error: deviation from ideal A/D conversion characteristic of analog input voltage
required to raise digital output from 1111111110t0 1111111111, excluding quantization error
(figure 15-12)

e Quantization error: intrinsic error of the A/D converter; 0.5 LSB (figure 15-11)

* Nonlinearity error: deviation from ideal A/D conversion characteristic in range from zero volts
to full scale, exclusive of offset error, full-scale error, and quantization error.

» Absolute accuracy: deviation of digital value from analog input value, including offset error,
full-scale error, quantization error, and nonlinearity error.

Digital output

A
Ideal A/D conversion H/
111 characteristic /
110 [ //
101 //
100 - 4
011
010 - 7 L Quantization error
001 /
L/

000 ! ! ! ! ! ! ! -

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input voltage

Figure15-11 A/D Converter Accuracy Definitions (1)
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Digital output
/

Full-scale error

Ideal A/D conversion
characteristic

g error

characteristic

Nonlinearity

~—"—— Actual A/D conversion

T

Offset error

FS
Analog input voltage

Figure15-12 A/D Converter Accuracy Definitions (2)
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Section 16 Bus Controller

16.1 Overview

The on-chip bus controller (BSC) can dynamically ater the bus width and the length of the bus
cycle. When a 16-hit bus mode is selected by the inputs at the mode pins, the bus controller can
reserve part of the address space as a byte access area accessed via an eight-bit bus, switch another
part from athree-state bus cycle to a high-speed two-state bus cycle, and switch the eight-bit-bus
areato 16-bit access.

16.1.1 Features

Bus controller features are listed bel ow.

An eight-hit access area can be defined in the 16-bit bus modes (modes 1, 3, 4, 5*, and 6*)

The eight-bit access area consists of addresses greater than the value set in the byte areatop
register (ARBT). (Thisareadoes not include the address set in ARBT, which is the boundary
of the word area.) When an address greater than the ARBT value is accessed, only the upper
data bus (D45 to Dg) isvalid. The accessis performed with eight-bit bus width. The ARBT
setting does not change the bus width of the on-chip ROM, on-chip RAM, and on-chip register
aress.

Note: * Modes 5 and 6 have a 16-bit bus, but when the chip comes out of reset the ARBT and
ARST settings are ignored: the entire external address spaceis accessed in three
states viaan eight-bit bus. Software can enable the ARBT and AR3T settings by
altering avalue in the bus control register (BCR).

Two-state access area can be defined

The three-state-access area consists of addresses equal to or greater than the value set in the
three-state areatop register (AR3T). (The address set in AR3T isincluded as the boundary of
the three-state area.) When addresses less than the AR3T value are accessed, the bus cycle
consists of two states. Wait states cannot be inserted in two-state access. The AR3T setting
does not change the bus cycle length of the on-chip ROM, on-chip RAM, and on-chip register
areas.

Areas can be defined in steps of 256 bytes in minimum mode, or 4 kbytes in maximum mode.
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16.1.2 Block Diagram

Figure 16-1 shows a block diagram of the bus controller.

On-chip address bus (Ajg to Agg)

On-chip address bus (A;5 to Ajp)

2 ] On-chip address bus (A;1 to Ag) ||
6 NN On-chip data bus (D15 to Dg) ||
Mode 5 or 6 — ] O
BCR
NN N\ N N\
Multiplexer | ARBT | | ARST | Multiplexer -
Lower 4 bits
Upper 4 bits Upper 4 bits
NS
;Comparator} ;Comparator} ;Comparator} §Comparator}
i BCRE I
ARBT = Addr AR3T = Addr
ARBT < Addr ARBT < Addr AR3T < Addr AR3T < Addr
Mode | |
3,4,0r5
Mode 2 :’[
On-chip :D

register area*

J

ROM/RAM
area %
Eight-bit access request
Legend

ARBT: Byte area top register
AR3T: Three-state area top register
BCR: Bus control register

BCRE: Bus controller enable

Note: * Except 16-bit accessible IPU registers.

i

Three-state access request

Figure16-1 BusController Block Diagram
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16.1.3 Register Configuration

Table 16-1 summarizes the bus controller’s registers. The bus controller has three 8-hit registers. a
byte areatop register (ARBT) that designates the boundary of the word area; a three-state areatop
register (ARST) that designates the boundary of the three-state-access address space; and a bus
control register (BCR) used to switch the bus width in modes 5 and 6. The H8/500 CPU can
aways read and write ARBT, AR3T, and BCR.

Table16-1 BusController Registers

Address Register Name Abbreviation R/W Initial Value
H'FF16 Byte area top register ARBT R/W H'FF

H'FF17 Three-state area top register AR3T R/W H'EE (H'OE)*1
H'FEDF Bus control register BCR R/W H'BF (H'3F)*2

Notes: 1. H'OE in modes 3, 4, and 5.
2. H'3F in modes 5 and 6.

16.2 Register Descriptions
16.2.1 Byte Area Top Register

The byte areatop register (ARBT) specifies the boundary address that separates the area accessed
with 16-bit bus width from the area accessed using only the upper eight bits of the 16-bit bus. The
address set in ARBT is the word area boundary: the last address accessed with 16-bit bus width.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

The bus controller controls the H8/500 CPU so that external addresses exceeding the ARBT value
are accessed with eight-bit bus width.

In expanded maximum mode, the ARBT value istreated as bits A1g to A, (the upper eight bits)
of the word area boundary address. The word area boundary can be set in minimum 4-kbyte steps.
In expanded maximum mode, addresses H'00000 to H'00FFF are always aword access area.

In expanded minimum mode, the ARBT valueistreated as bits A5 to Ag (the upper eight bits) of
the word area boundary address. The word area boundary can be set in minimum 256-byte steps.
In expanded minimum mode, addresses H'0000 to H'00FF are always aword access area.
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The ARBT setting applies only to external addresses. It cannot change the bus width of the on-
chip ROM or RAM or on-chip register areas. In mode 2 the ARBT setting is ignored: the external
address bus has a fixed eight-bit width. In modes 5 and 6 the ARBT setting isignored until the
BCRE bit isset to 1 in the bus control register (BCR).

ARBT isinitialized to H'FF by areset and in hardware standby mode. ARBT isnot initialized in
software standby mode.

16.2.2 Three-State Area Top Register

The three-state area top register (AR3T) specifies the boundary address that separates the area
accessed in two states from the area accessed in three states. The address set in AR3T isthe
three-state area boundary: the first address accessed in three states.

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 1 (0)* 1 (0)* 1 (0)* 0 1 1 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Modes 3to 5

The bus controller controls the H8/500 CPU so that external addresses equal to or greater than the
ARBT value are accessed in three states. Wait states cannot be inserted into the two-state-access
area

In expanded maximum mode, the AR3T valueistreated as bits A1g to A1, (the upper eight bits) of
the three-state area boundary address. The three-state area boundary can be set in minimum
4-kbyte steps. In expanded maximum mode, addresses H'FF000 to H'FFFFF are always a three-
state-access area.

In expanded minimum mode, the AR3T valueis treated as bits A5 to Ag (the upper eight bits) of
the three-state area boundary address. The three-state area boundary can be set in minimum
256-byte steps. 1n expanded minimum mode, addresses H'FFOO to H'FFFF are always a three-
state-access area.

The AR3T setting applies only to external addresses. It cannot change the bus cycle length of the
on-chip ROM or RAM or on-chip register areas. In mode 2 the AR3T setting isignored: the
external address space is aways athree-state-access area. In modes 5 and 6 the AR3T setting is
ignored until the BCRE hit is set to 1 in the bus control register (BCR).

AR3T isinitialized to H'EE (modes 1, 2, 6, and 7) or H'OE (modes 3 to 5) by areset and in
hardware standby mode. ARBT is not initialized in software standby mode.
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16.2.3 Bus Control Register

The bus control register (BCR) enables or disables the bus controller’s bus control functionsin
modes 5 and 6, and enables or disables on-chip 1/0 port functions.

Bit 7 6 5 4 3 2 1 0

| BcRE | oPsT | — | PoAE | ExioP | PCRE | PBCE | PI12E |
Initial value 0 (1)* 0 1 1 1 1 1 1
RIW RW (R)*  R/W _ RIW RIW RW  RW  RW

Ports 1 and 2
enable

Enables and
disables
reading and
writing of
ports 1 and 2

Ports B and C enable
Enables and disables
reading and writing
of ports B and C

Reserved bit
Pull-Up transistor control register
enable

Enables and disables reading and
writing of port B and C pull-up
transistor control registers

Expanded /O ports

Allocates H'OFE9C to H'OFE9QF as external
addresses

Ports 9 and A enable
Enables and disables reading and writing of ports 9 and A

L Zero page three-state
Forces three-state access to all addresses in page 0

— Bus controller enable
Enables and disables bus control functions of the bus controller

Note: * Inmodes 1, 2, 3,4, and 7.
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When the bus controller enable bit (BCRE) is set to 1, the bus controller controls the bus
according to the valuesin ARBT and AR3T. As an exception, when the zero page three-state bit
(OP3T; bit 6) isset to 1, all external addresses in page 0 are placed in the three-state-access area
regardless of the AR3T setting.

Bits 4, 2, 1, and 0 enable or disable reading and writing of on-chip 1/0 ports. If one of these bits
is cleared to 0, the corresponding on-chip 1/0O ports cannot be accessed. The port addresses
become part of the external eight-bit three-state-access area instead.

Bit 3isfor /O port expansion. When thisbit is cleared to 0, H'OFESC to H'OFE9F become part of
the external eight-bit three-state-access area.

For precautions on modifying the BCR value, see section 16.4, “Usage Notes.”

(1) Bit 7—BusController Enable (BCRE): Enables or disables bus control functions using the
valuesin ARBT and AR3T in modes 5 and 6.

Bit 7

BCRE Description

0 The H8/500 CPU accesses all external addresses in three states using an
eight-bit bus* (Initial value in modes 5 and 6)
This bit cannot be cleared to 0 in modes 1 to 4 and 7.

1 The H8/500 CPU accesses external addresses according to the ARBT and

ARS3T settings (Initial value in modes 1 to 4 and 7; cannot be cleared to 0)

Note: * Access is performed using only the upper eight bits (D5 to Dg) of the 16-bit bus.

(2) Bit 6—Zero Page Three-State (OP3T): Selects three-state access for all external addressesin
page 0, regardless of the AR3T setting.

Bit 6

OP3T Description

0 The H8/500 CPU accesses external addresses according (Initial value)
to the ARBT and AR3T settings

1 The H8/500 CPU accesses external addresses according to the ARBT and

AR3T settings except in page 0, where three-state access is selected
regardless of the AR3T setting*

Note: * In mode 7 there is no external address space, so the OP3T value has no meaning.

(3) Bit 5—Reserved: Read-only bit, alwaysread as 1. Reserved for future use.
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(4) Bit 4—Port 9 and A Enable (POAE): Enables or disables reading and writing of ports 9 and
A, alowing these I/O ports to be reconfigured off-chip.

Bit 4

POAE Description

0 On-chip ports 9 and A cannot be written or read
The DR and DDR addresses of ports 9 and A (H'OFE90 to H'OFE93) become
part of the external eight-bit three-state-access area.*

1 On-chip ports 9 and A can be written and read (Initial value)

Note: * Cannot be cleared to 0 in mode 7.

For details see section 16.3.3, “1/0O Port Expansion Function.”

(5) Bit 3—Expanded I/0 Ports (EXIOP): Enables or disables expansion of /O ports, allowing
1/O ports to be configured off-chip.

Bit 3

EXIOP Description

0 External I/O ports can be written and read
H'OFE9C to H'OFE9F become part of the external eight-bit three-state-access
area.*

1 External I/O ports cannot be written or read (Initial value)

Note: * Cannot be cleared to 0 in mode 7.
For details see section 16.3.3, “1/0O Port Expansion Function.”

(6) Bit 2—Pull-Up Transistor Control Register Enable (PCRE): Enables or disables reading
and writing of port B and C pull-up transistor control registers (PBPCR and PCPCR).

Bit 2

PCRE Description

0 Port B and C pull-up transistor control registers (PBPCR and PCPCR) cannot
be written or read
PBPCR and PCPCR addresses (H'OFE98 to H'OFE9B) become part of the
external eight-bit three-state-access area.*

1 Port B and C pull-up transistor control registers (PBPCR (Initial value)

and PCPCR) can be written and read

Note: * Cannot be cleared to 0 in mode 7.

For details see section 16.3.3, “1/0 Port Expansion Function.”
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(7) Bit 1—Port B and C Enable (PBCE): Enables or disables reading and writing of ports B and
C, alowing these I/O ports to be reconfigured off-chip.

Bit 1

PBCE Description

0 On-chip ports B and C cannot be written or read
The DR and DDR addresses of ports B and C (H'OFE94 to H'OFE97) become
part of the external eight-bit three-state-access area.*

1 On-chip ports B and C can be written and read (Initial value)

Note: * Cannot be cleared to 0 in mode 7.
For details see section 16.3.3, “1/O Port Expansion Function.”

(8) Bit 0—Port 1 and 2 Enable (P12E): Enables or disables reading and writing of ports 1 and
2, alowing these /O ports to be reconfigured off-chip.

Bit 0

P12E Description

0 On-chip ports 1 and 2 cannot be written or read
The DR and DDR addresses of ports 1 and 2 (H'OFE80 to H'OFE83) become
part of the external eight-bit three-state-access area.*

1 On-chip ports 1 and 2 can be written and read (Initial value)

Note: * Cannot be cleared to 0 in mode 7.

For details see section 16.3.3, “1/0 Port Expansion Function.”
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16.3 Operation
16.3.1 Operation after Reset in Each Mode
Figures 16-2 to 16-8 illustrate operation in each mode after a reset.

(1) Mode 1: Has a 16-bit bus. H'0000 to H'EDFF are a 16-hit two-state-access area. H'EEQQ to
H'FE7F are a 16-bit three-state-access area. When the on-chip RAM is enabled, however, the on-
chip RAM areais a 16-bit two-state-access area.

16 bits 16 bits
H'0000 H'0000
External bus area External bus area
16 bits, 2 states 16 bits, 2 states
HEDFF | ] HEDFF | ]
H'EEQO H'EEOO 16 bits, 3 states
H'EE7F .
External bus area H'EESO On-chip RAM area
16 bits, 3 states 16 bits, 2 states
H'E67F H'E67E (16 hits, 3 states)
H'F680 On-chip RAM area H'F680 On-chip RAM area
16 bits, 2 states 16 bits, 2 states
H'EE7E (16 bits, 3 states) H'EE7F (16 bits, 3 states)
H'FE80 On-chip register area On-chip register area
H'EFEE 8 bits, 3 states H'EFEE 8 bits, 3 states
(a) H8/538 (b) H8/539

Figure16-2 BusWidth and Bus Cycle Length after Reset (Mode 1)
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(2) Mode2

H8/538

Thebusis eight bits wide. H'0000 to H'EE7F (on-chip ROM) are a 16-bit two-state-access
area. H'EES80 to H'FE7F are an eight-hit three-state-access area.

H8/539

Thebusis eight bits wide. H'0000 to H'3FFF (on-chip ROM) are a 16-bit two-state-access
area. H'4000 to H'FE7F are an eight-bit three-state-access area.

When the on-chip RAM is enabled, however, the on-chip RAM areais a 16-bit two-state-

access area.
8 bits 8 bits
H'0000 H'0000 On-chip ROM area
On-chip ROM area H'3FFF 16 bits, 2 states
16 bits, 2 states H'4000
External bus area
8 bits, 3 states
H'EE7F H'EE7F
H'EE80 Extornal b H'EE8B0 On-chip RAM area
Xternal bus area 16 bits, 2 states
8 bits, 3 states (8 bits, 3 states)
HF67F HF67F s,
HF680 On-chip RAM area HF680 On-chip RAM area
16 bits, 2 states 16 bits, 2 states
HEE7E (8 bits, 3 states) H'EE7E (8 bits, 3 states)
H'FE80 On-chip register area H'FESO On-chip register area
H'EFFE 8 bits, 3 states H'EFFE 8 bits, 3 states

() H8/538

(b) H8/539

Figure 16-3 BusWidth and Bus Cycle Length after Reset (Mode 2)
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(3) Mode 3: Has a 16-bit bus. H'00000 to H'ODFFF are a 16-bit two-state-access area. H'0E000
to H'OFE7F and H'10000 to H'FFFFF are a 16-bit three-state-access area. When the on-chip RAM

is enabled, however, the on-chip RAM areais a 16-bit two-state-access area.

H'00000

H'ODFFF
H'0E000

H'OF67F
H'OF680

H'OFE7F

16 bits

External bus area
16 bits, 2 states

External bus area
16 bits, 3 states

On-chip RAM area
16 bits, 2 states
(16 bits, 3 states)

H'OFES0
H'OFFFF

On-chip register area
8 bits, 3 states

H'10000

HFEFFF |

H'FFFFF

External bus area
16 bits, 3 states

(a) H8/538

H'00000

H'ODFFF
H'OEO00

H'OEE7F
H'OEES80

H'OF67F
H'OF680

H'OFE7F
H'OFES0

H'OFFFF
H'10000

HFFFFF

16 bits

External bus area
16 bits, 2 states

External bus area
16 bits, 3 states

On-chip RAM area
16 bits, 2 states
(16 bits, 3 states)

On-chip RAM area
16 bits, 2 states
(16 bits, 3 states)

On-chip register area
8 bits, 3 states

External bus area
16 bits, 3 states

(b) H8/539

485

Figure16-4 BusWidth and Bus Cycle Length after Reset (M ode 3)




(4) Mode4
« H8/538

Thebusis 16 bits wide. H'00000 to H'OEE7F (on-chip ROM) are a 16-bit two-state-access
area. H'OEE80 to H'OFE7F and H'10000 to H'FFFFF are a 16-bit three-state-access area.

* H8/539

Thebusis 16 bits wide. H'00000 to H'03FFF and H'10000 to H'2FFFF (on-chip ROM) are 16-
bit two-state-access areas. H'04000 to H'ODFFF is a 16-bit two-state access area. H'OE000 to
H'OFE7F and H'30000 to H'FFFFF are a 16-bit three-state-access area.

When the on-chip RAM is enabled, however, the on-chip RAM areais a 16-bit two-state-
access area.

‘ 16 bits ‘ ‘ 16 bits
H'00000 H'00000 On-chip ROM area
H'03FEF 16 bits, 2 states
On-chip ROM area H'04000 External bus area
16 bits, 2 states H'ODFFF | 16 bits, 2 states
H'OEO000 External bus area
H'OEE7F H'OEE7F 16 bits, 3 states
H'OEE80 External bus area H'OEES80 On-Chip RAM area
i 16 bits, 2
HOFGTE 16 bits, 3 states | (12 E:Ez 2 ::g:gz)
H'0F680 On-chip RAM area H'OF67F —
16 bits, 2 states H'0F680 orl]éCE:FstAga?éia
' 16 bits, 3 states L
:8EE;S ( - : ) H'OFE7F (16 bits, 3 states)
On-chip register area On-chip register area
H'OFFFF 8 bits, 3 states H'OFFFE 8 bits, 3 states
H'10000 H'10000 On-chip ROM area
H'EEEEFE 5 External bus area = H'2FFFF 16 bits, 2 states
16 bits, 3 states H'30000 External bus area
H'EEEEFF H'EFFEE 16 bits, 3 states
(a) H8/538 (b) H8/539

Figure16-5 BusWidth and Bus Cycle Length after Reset (Mode 4)
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(5) Mode5: Has a 16-bit bus. H'00000 to H'FFFFF are an eight-bit three-state-access area
because BCRE = 0 in the bus control register (BCR). When the on-chip RAM is enabled,
however, the on-chip RAM areais a 16-hit two-state-access area.

16 bits 16 bits
H'00000 H'00000
External bus area
8 hits, 3 states
External bus area
8 bits, 3 states H:OEE7F
H'O0EESO On-chip RAM area
16 bits, 2 states
H'OE67E H'OE67F (8 bits, 3 states)
H'OF680 On-chip RAM area H'OF680 On-chip RAM area
16 bits, 2 states 16 bits, 2 states
HOFE7E (8 bits, 3 states) HOFE7E (8 bits, 3 states)
H'OFE80 On-chip register area H'OFE80 On-chip register area
H'OFFFF 8 bits, 3 states H'OFFFF 8 bits, 3 states
H'10000 H'10000
External bus area External bus area ~
8 bits, 3 states 8 bhits, 3 states
H'FFFFF H'FFFFF

(a) H8/538

(b) H8/539
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(6) Mode 6: Has a 16-bit bus. H'0000 to H'FE80 are an eight-hit three-state-access area (BCRE =
0in BCR). When the on-chip RAM is enabled, however, the on-chip RAM areais a 16-bit two-
state-access area.

16 bits 16 bits
H'0000 H'0000
External bus area
8 bits, 3 states
External bus area
8 bits, 3 states
H'EE7F
H'EE80 On-chip RAM area
16 bits, 2 states
H'E67E H'F67F (8 bits, 3 states)
H'F680 On-chip RAM area H'F680 On-chip RAM area
16 bits, 2 states 16 bits, 2 states
H'FETE (8 bits, 3 states) H'FE7E (8 bits, 3 states)
H'FE8O On-chip register area H'FES0 On-chip register area
H'EEFFE 8 bits, 3 states H'EFFFE 8 bits, 3 states
(a) H8/538 (b) H8/539

Figure 16-7 BusWidth and Bus Cycle Length after Reset (Mode 6)
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(7) Mode 7: Has no external bus.
+ H8/538

H'0000 to H'EE7F (on-chip ROM) are a 16-bit two-state-access area.
+ H8/539

H'00000 to H'03FFF and H'10000 to H'2FFFF (on-chip ROM) are a 16-bit two-state-access
area.

When the on-chip RAM is enabled, the on-chip RAM areais also a 16-bit two-state-access
area

H'0000 H'00000 ]
On-chip ROM area
On-chip ROM area H'03FFF 16 bits, 2 states
16 bits, 2 states
H'EE7F H'OEE80 On-chip RAM area
H'EE80 H'OF67F 16 bits, 2 states
H'OF680 On-chip RAM area
H'F67F H'OFETF 16 bits, 2 states
H'F680 , H'OFES80 On-chip register area
On-chip RAM area : 8 bits, 3 states
16 hits, 2 states H'OFFFF
H'FE7F H'10000 _
H'FES0 On-chip register area Orll-ecgli?ng é\:la?éga
H'EEEE 8 bits, 3 states H'2EEEE
(a) H8/538 (b) H8/539

Figure 16-8 BusWidth and Bus Cycle Length after Reset (Mode 7)
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16.3.2 Timing of Changesin Bus Areasand Bus Size

Changes in the bus areas and bus size take effect in the next bus cycle after the write cycle to
ARBT or AR3T.

T2

e S B B —

T ; Ts
——————————————————————— P I

’ M

A19-Ao ! ARBT, AR3T, or BCR address !

\

Internal write
signal

Internal data ‘
bus 1

Setting data

Bus area Old setting

New setting

Figure16-9 Timing of Changesin Bus Controller Settings (Byte Write)
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9]
\\\\\\\\\\\\\\\\\\ 17,)
o
)
iy IS
[
oM
““““““““““ 04
<

A19-Ao

Internal write

signal

Internal data

bus

Bus area

Only ARBT is modified

Figure16-10 Timing of Changesin Bus Controller Settings (Word Write)
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16.3.3 /0O Port Expansion Function

Bus control register bits 4 to 0 can be set for 1/0 port expansion. This function enables ports that
become unavailable in expanded modes (modes 1 to 6, ports 1, 2, A, B, and C) to be moved off-
chip. Figure 16-11 shows an example of 1/O port reconfiguration.

H8/538
Address
decoder
A19-0
DDR
DR +5V
74LS74 x 1/2
(DDR)
--=-74LS02---1
ME—D : PR
RD ; : CK CLRo— RES
D Q
HWR
OE 7418373 x 1/8
(DR)
: i 1D Ql= > Port
] et d
Di5_g [= » Data bus
74LS04 [
x 1/6 oc s GND
Y A
74LS257
x 1/6

Figure16-11 Exampleof I/O Port Reconfiguration (1 Bit)
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16.4 Usage Notes
When using the bus controller, note the following points:

(1) Restrictionson AR3T and ARBT Settings: AR3T and ARBT settings should satisfy
equation (1).

AR3T<ARBT +1 (1)

No eight-bit, two-state-access area is defined for the H8/538 or H8/539. If AR3T > ARBT + 1,
eight-bit three-state access is performed.

(2) Possible Partitionings of the Address Space: The address space can be partitioned in eight
ways as follows:

1. Two areas. 16 bits, two states; 16 bits, three states

2. Two areas: 16 hits, two states; eight bits, three states

3. Two areas: 16 hits, three states; eight hits, three states

4. Threeareas. 16 bits, two states; 16 bits, three states; eight bits, three states

5. Onearea eight bits, three states™!

6. Threeareas: 16 hits, three states (page 0)*2; 16 hits, two states; 16 bits, three states
7. Threeareas: 16 hits, three states (page 0)*2; 16 bits, two states; 8 bits, three states

8. Four aress. 16 hits, three states (page 0)*2; 16 bits, two states; 16 bits, three states; eight bits,
three states

Notes: 1. Possible only in modes 5 and 6 when BCRE = 0 in the bus control register (BCR).
2. Set by the OP3T bitin BCR.
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(3) Moadification of ARBT, AR3T, and BCR: When ARBT, AR3T, and BCR settings are
modified, an invalid bus area may be created temporarily. This may prevent normal program
execution. Crashes can be avoided by one of the following methods:

1. Placeroutinesthat modify ARBT, AR3T, and BCR in on-chip ROM or RAM.

Perform the modification in an areathat is not affected by the ARBT, AR3T, and BCR
settings. The modification can be followed by ajump to any area without crashing.
(Example 1)

2. Place abranch instruction after the instruction that modifies ARBT, AR3T, or BCR.

After thewriteto ARBT, AR3T, or BCR,* the instruction fetch from the temporary invalid
bus areais cleared by execution of the branch instruction, thus preventing a crash.
(Example 2)

Note: * To modify both ARBT and AR3T simultaneously, a word access instruction is

recommended.
On-chip ROM
/ or RAM
L1:MOV R2,@ARBT [= ARBT modification
RTS instruction (subroutine) [ A
and ot
r~— ~
aud 'l .
MOV R2,@ARBT
. BRA L1 «— | Crash-avoiding
branch instruction
II\BASOQ/ flEE’RZ -« ARBT modification Q\
subroutine call — Jump destination
;li C]i ~— ~L is next instruction
Example 1: placing the modifying subroutine Example 2: placing a branch instruction after
in on-chip ROM or RAM the modifying instruction

Figure16-12 Program Structurefor Modifying ARBT, AR3T, and BCR
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(4) Access Typesand Operation of Data Bus and Control Signals: Table 16-2 indicates how
the data bus and control signals operate in various types of access.

Table 16-2 (1) Data Busand Control Signal Operation in Various Types of Access (Mode 2)

Instruction Designations Data Bus Control Signals
Bus Operand Operand Access -
No. Width Address Size Direction A, DjstoDg D;toDy RD HWR LWR
1 8 bits  Byte area Byte Write 0  Output Notused H L
2 Write 1 ouput (PO H L H
37 Read 0 Input L H H
T Read 1 Input L H H
57 Word Write 0  Output H L H
1  Output H L H
67 Read 0 Input L H H
1 Input L H H

Notes: 1. How to read the table:

2.

1)
2)

3)

4)

Bus width: external bus width determined by the operating mode.

Operand address: area containing the operand address specified in the instruction.
Examples: ARBT > operand address: byte area
ARBT < operand address: word area

Operand size: size of operand specified in the instruction.
Examples: MOV.B: byte size
MOV.W: word size

Access direction: as below.
Examples: MOV.B Rn, <EA>: write (CPU - <EA>)
MOV.B <EA>, Rn: read (EA> - CPU)

When a byte area is addressed by an instruction with word operand size, the CPU
accesses memory twice, accessing the even byte first, then the odd byte. Instructions
that specify word-size operands should always specify an even operand address.
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Table 16-2 (2) Data Busand Control Signal Operation in Various Types of Access

(Modes 1, 3, and 6)

Instruction Designations Data Bus Control Signals
Bus Operand Operand Access L
No. Width Address Size Direction Ay DistoDg D;toDy RD HWR LWR
1 16 bits Byte area Byte Write 0 Output High H L H
impedance
1  Output High H L H
impedance
3 Read 0 Input Don'tcare L
4 Input Don'tcare L
5 Word Write 0 Output High H L H
impedance
1  Output High H L H
impedance
6 Read 0 Input Don'tcare L H H
Input Don'tcare L H H

Notes: 1. How to read the table:

1) Bus width: external bus width determined by the operating mode.

2) Operand address: area containing the operand address specified in the instruction.
Examples: ARBT > operand address: byte area
ARBT < operand address: word area

3) Operand size: size of operand specified in the instruction.
Examples: MOV.B: byte size
MOV.W: word size

4) Access direction: as below.
Examples: MOV.B Rn, <EA>: write (CPU - <EA>)
MOV.B <EA>, Rn: read (<EA> - CPU)

2. When a byte area is addressed by an instruction with word operand size, the CPU
accesses memory twice, accessing the even byte first, then the odd byte. Instructions
that specify word-size operands should always specify an even operand address.
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Table 16-2 (3) Data Busand Control Signal Operation in Various Types of Access

(Modes 1, 3, and 6)

Instruction Designations Data Bus Control Signals
Bus Operand Operand Access L
No. Width Address Size Direction Ay DistoDg D;to Dy RD HWR LWR
1 16 bits Word area Byte Write 0  Output Dummy H L H
data
1 Dummy Output H H L
data
3 Read 0 Input Don'tcare L
4 1 Don'tcare Input L
5 Word Write 0  Output Output H L L
1 — — - — —
6 Read 0 Input Input L H H
1 — — - — —

Notes: 1. How to read the table:

1) Bus width: external bus width determined by the operating mode.

2) Operand address: area containing the operand address specified in the instruction.
Examples: ARBT > operand address: byte area
ARBT < operand address: word area

3) Operand size: size of operand specified in the instruction.
Examples: MOV.B: byte size
MOV.W: word size

4) Access direction: as below.
Examples: MOV.B Rn, <EA>: write (CPU - <EA>)
MOV.B <EA>, Rn: read (<EA> - CPU)

2. Instructions that specify word-size operands should always specify an even operand
address.
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Figures 16-13 and 16-14 show examples of usage of the H8/539 bus controller in mode 4.

1. AR3T<ARBT+1

| 16 bits |
™ > Bus cycle Bus width
H'00000 f f
I External bus area = 2 states 16 bits
H'OEE7F
H'OEE80
On_chip RAM area 2 states 16 bItS
H'OFE7F ‘ ¢
H'OFES0 A A
On-chip register area 3 states 8 bits
H'OFFFF
H'10000 f
On-chip ROM area 2 states 16 bits
H'2FFFF Y Y
H'30000 :; 2 states :: 16 bits
ARIT—| A A
External bus area
= A 3 states 16 bits
ARBT——|
H'FFFFF

Mode 4

Figure 16-13 Example of Use of Bus Controller (H8/539: Mode 4)
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2. AR3T>ARBT+1

16 bits
N 4" Bus cycle Bus width
H'00000 ? ?
g External bus area -~ 2 states 16 bits
H'OF67F
H'OF680 } A
On-chip RAM area 2 states 16 bits
H'OFE7F
H'OFES0 A }
On-chip register area 3 states 8 bits
On-chip ROM area 2 states 16 bits
H'2FFFF Y
H'30000 A .
ARBT—| v 16 bits
| T
2 states )
Ext b 8 bits,
xternal bus area 3 states
S 2 8 bits i
ARIT— T
3 states
H'FFFFF

Mode 4

Figure 16-14 Example of Use of Bus Controller (H8/539: Mode 4)
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Section 17 RAM

17.1 Overview

The H8/538 has 2 kbytes of on-chip static RAM. The H8/539 has 4 kbytes. The RAM is
connected to the H8/500 CPU by a 16-bit data bus. The H8/500 CPU accesses both byte data and
word data in two states, making the RAM suitable for rapid data transfer and high-speed
computation.

In the H8/538, the on-chip RAM is assigned to addresses H'F680 to H'FE7F. In the H8/539, the
on-chip RAM is assigned to addresses H'EE80 to H'FE7F. The RAM control register (RAMCR)
enables this area to be switched between on-chip RAM and external memory.

17.1.1 Block Diagram

Figure 17-1 shows a block diagram of the H8/538's on-chip RAM. Figure 17-2 shows a block
diagram of the H8/539's on-chip RAM.

8

< On-chip data bus (upper) >
8
< On-chip data bus (lower) >
[] RAME
Bus interface and control section |<7
H'F680 H'F681 | RAMCR
H'F682 H'F683
H'F684 H'F685

On-chip RAM (2 kbytes)

H'FE7C H'FE7D
H'FETE H'FE7F
Upper byte Lower byte
(even address) (odd address)

Legend
RAMCR: RAM control register

Figure17-1 RAM Block Diagram (H8/538)
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< On-chip data bus (upper 8 bits) >

< On-chip data bus (lower 8 bits) >

[] RAMEL, 2
|<7

Bus interface and control section

) ) 2

H'EE80 H'EE81 | RAMCR
H'EE82 H'EE83
H'EE84 H'EE85

On-chip RAM (4 kbytes)

H'FE7C H'FE7D
H'FE7E H'FE7F
Upper byte Lower byte
(even address) (odd address)

Legend
RAMCR: RAM control register

Figure17-2 RAM Block Diagram (H8/539)

17.1.2 Register Configuration

The RAM is controlled by the RAM control register (RAMCR). Table 17-1 gives the address and
initial value of RAMCR.

Table17-1 RAM Control Register

Address Register Name Abbreviation R/W Initial Value

H'FF15 RAM control register RAMCR R/W Undetermined
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17.2 RAM Control Register

The RAM control register (RAMCR) enables or disables access to the on-chip RAM.

Bit 7 6 5 4 3 2 1 0

| RAME1 \ — \ RAME2 \ — \ — \ — \ — \ —
Initial value 1 * 1 1 1 1 1 1
RIW RIW — RIW — _ _ _ _

L Reserved bits

LRAM enable bit 2
Enables or disables access to
on-chip RAM (H'EE80 to H'F67F)

L Reserved bit

— RAM Enable bit 1
Enables and disables access to on-chip RAM (H'F680 to H'FE7F)

Note: * Bit 6 isreserved for chip testing and has an undetermined value when written or read.

(1) Bits7 and 5—RAM Enable1 and 2 (RAME1, RAME2): These hits enable or disable
access to on-chip RAM.

Bit 7

RAME1 Description

0 On-chip RAM (H'F680 to H'FE7F) cannot be accessed

1 On-chip RAM (H'F680 to H'FE7F) can be accessed (Initial value)
Bit 5

RAME2 Description

0 On-chip RAM (H'EE80 to H'F67F) cannot be accessed

1 On-chip RAM (H'EE80 to H'F67F) can be accessed (Initial value)

The RAMEL and RAMEZ2 hits are initialized on the rising edge of the reset signal. They are not
initialized in software standby mode. In modes 1 to 6, when the RAMEL and RAME2 bits are
cleared to 0 to disable access to on-chip RAM, addresses H'F680 to H'FE7F and H'EESO to
H'F67F become an external memory area.
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(2) Bits6 and 4 to 0—Reserved: Bit 6 isreserved by the system for chip testing and has an
undetermined value when written or read. Bits 4 to O are read-only bits that alwaysread 1 and
cannot be modified.

17.3 Operation
17.3.1 Expanded Modes (Modes 1 to 6)

H8/538: In the expanded modes (modes 1 to 6), when the RAMEL bit is set to 1, accessesto
addresses H'F680 to H'FE7F are directed to the on-chip RAM. When the RAMEL hit is cleared to
0, accesses to addresses H'F680 to H'FE7F are directed to off-chip memory.

H8/539: In the expanded modes (modes 1 to 6), when bits RAMEL and RAME2 are set to 1,
accesses to addresses H'F680 to H'FE7F and H'EE8O to H'F67F are directed to the on-chip RAM.
When bits RAME1 and RAME?2 are cleared to 0, accesses to addresses H'F680 to H'FE7F and
H'EE80 to H'F67F are directed to off-chip memory.

17.3.2 Single-Chip Mode (Mode 7)

H8/538: In single-chip mode (mode 7), when the RAMEL bit is set to 1, accesses to addresses
H'F680 to H'FE7F are directed to the on-chip RAM. When the RAMEL bit is cleared to 0, any
type of accessto addresses H'F680 to H'FE7F (instruction fetch or data read/write) causes an
address error. For the exception handling when an address error occurs, see section 4, “ Exception
Handling.”

H8/539: In single-chip mode (mode 7), when bits RAMEL and RAME2 are set to 1, accessesto
addresses H'F680 to H'FE7F and H'EE80 to H'F67F are directed to the on-chip RAM. When bits
RAMEL and RAME?2 are cleared to 0, any type of access to addresses H'F680 to H'FE7F and
H'EE80 to H'F67F (instruction fetch or data read/write) causes an address error. For the exception
handling when an address error occurs, see section 4, “ Exception Handling.”
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Section 18 ROM

18.1 Overview

The H8/538 has 60 kbytes of on-chip ROM (PROM or masked ROM). The H8/539 has 128 kbytes
(PROM or masked ROM). The ROM is connected to the H8/500 CPU by a 16-hit data bus. The
H8/500 CPU accesses both byte data and word data in two states, making the ROM suitable for
rapid data transfer and high-speed computation.

In the H8/538 the on-chip ROM is assigned to addresses H'0000 to H'EE7F. In the H8/539 the on-
chip ROM is assigned to addresses H'00000 to H'03FFF and H'10000 to H'2FFFF, but the ROM at
addresses H'00000 to H'03FFF and the ROM at addresses H'10000 to H'13FFF are physically the
same ROM. The mode pins enable the ROM area to be switched between on-chip ROM and
external memory. Table 18-1 summarizes the mode pin settings and usage of the ROM area.

Table18-1 Mode Pin Settingsand ROM Area

Mode Pin Setting

Mode MD, MD, MDg ROM Area Usage
Mode 0 0 0 0 lllegal setting

Mode 1 0 0 1 External memory area
Mode 2 0 1 0 On-chip ROM area
Mode 3 0 1 1 External memory area
Mode 4 1 0 0 On-chip ROM area
Mode 5 1 0 1 External memory area
Mode 6 1 1 0 External memory area
Mode 7 1 1 1 On-chip ROM area
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18.1.1 Block Diagram

Figure 18-1 shows a block diagram of the H8/538's on-chip ROM. Figure 18-2 shows a block
diagram of the H8/539's on-chip ROM.

8

< On-chip data bus (upper) >
8

< On-chip data bus (lower) >

| Bus interface and control section |<7 Operating mode

) )

H'0000 H'0001
H'0002 H'0003
H'0004 H'0005

On-chip ROM (60 kbytes)

H'EE7C H'EE7D
H'EE7E H'EE7F
Upper byte Lower byte
(even address) (odd address)

Figure18-1 ROM Block Diagram (H8/538)
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On-chip data bus (upper)

< On-chip data bus (lower)

[

| Bus interface and control section |<7 Operating mode

) J

H'10000 H'10001
H'10002 H'10003
H'10004 H'10005

On-chip ROM (128 kbytes)

H'2FFFC H'2FFFD
H'2FFFE H'2FFFF
Upper byte Lower byte
(even address) (odd address)

Note: The memory area from address H'10000 to H'13FFF can also be read at addresses
H'00000 to H'03FFF. Addresses H'00000 to H'03FFF are a second mapping of
addresses H'10000 to H'13FFF.

Figure18-2 ROM Block Diagram (H8/539)
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18.2 PROM Mode
18.2.1 PROM Mode Setting

In PROM mode, the versions with on-chip PROM (HD6475388 and HD6475398) suspend their
microcontroller functions. The on-chip PROM can then be programmed using a general-purpose
PROM programmer. Table 18-2 indicates how to select PROM mode.

Table 18-2 Selecting PROM Mode

Pins Setting
Mode pins: MD2, MD{, MDg Low
STBY and RES pins

PAg and PA; High

18.2.2 Socket Adapter and Memory Map

Programs can be written and verified by attaching a special 112-pin/32-pin adapter to the PROM
programmer. Table 18-3 gives ordering information for the socket adapter. Figure 18-3 shows a
memory map of the H8/538 in PROM mode. Figure 18-4 shows a memory map of the H8/539 in
PROM mode. Figure 18-5 shows the pin assignments of the 112-pin/32-pin socket adapter.

Table 18-3 Socket Adapter

Microcontroller Package Socket Adapter
HD6475388F 112-pin plastic QFP (FP-112) HS5398ESH1H
HD6475398F
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MCU mode

H8/538

PROM mode

H'0000

HEET7F

On-chip ROM area

H'0000

HEET7F

Figure18-3 Memory Map in PROM Mode (H8/538)

H'00000
H'03FFF

H'10000
H'13FFF

H'1FFFF
H'20000

H'2FFFF

MCU mode

H8/539

PROM mode

H'00000

H'O3FFF

H'OFFFF
H'10000

H'1FFFF

Note: In MCU mode, addresses H'00000 to H'O3FFF are a second mapping of addresses
H'10000 to H'13FFF. When read, both of these address areas return the same data.

Figure18-4 Memory Map in PROM Mode (H8/539)

509




H8/538/539 (112 Pins)

112-Pin/32-Pin
Socket Adapter

Pin No. Pin Name
19 RESO
72 NMI
100 P70
66 PA4
101 P7,
36 Plg
37 P1,
38 P1,
39 P1;
40 P14
41 P15
42 Plg
43 P1;
45 PCo
46 PC,
47 PC,
48 PCs
49 PC,
50 PCs
51 PCg
52 PC;,
54 PBg
55 PB;
56 PB,
57 PB;
58 PB,4
59 PBs
60 PBg
61 PB;
62 PAg
63 PA;
81-83 MDg, MD1, MD,
84, 85 AVce, Vrer
1,44,76 | Vcc
98 AVss
10, 26,35, | |,
53,73, 99 ss
70,71 RES, STBY
Qther than | N (oPEN)

HN27C101 (32 Pins)
Pin Name | Pin No.
Vpp 1
EAq 26
EA 2
EA5 3
PGM 31
EQq 13
EO; 14
EO, 15
EO; 17
EO,4 18
EOs 19
EOg 20
EO; 21
EAq 12
EA; 11
EA, 10
EA3 9
EA4 8
EAs 7
EAg 6
EA; 5
EAg 27
OE 24
EA1o 23
EA1; 25
EA; 4
EA3 28
EA14 29
CE 22
Ve 32
Vss 16
Legend

Vpp: Program voltage (12.5 V)
EO- to EOy: Data input/output
EA to EAg: Address input
OE: Output enable

CE: Chip enable

PGM: Program

Figure18-5 Wiring of 112-Pin/32-Pin Socket Adapter
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18.3 Programming

The programming and verifying specificationsin PROM mode are the same as the specifications
of the standard HN27C101 EPROM. Page programming is not supported, however. The PROM
programmer must not be set to page mode. Table 18-4 indicates how to select the write, verify, and

program-inhibit modes in PROM maode.

Table 18-4 Mode Selection in PROM Mode

Pins

Mode CE OE PGM Vpp Voo  0O7t00 Aqgto Ag
Program L H L Vpp Vee Data input Address input
Verify L L H Data output
Program-inhibit L L L High-impedance

L H H

H L L

H H H
Legend
L: Low voltage level

H:  High voltage level
Vpp: Vpp Voltage level
Vce: Ve voltage level
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18.3.1 Programming and Verification

Unused areas of the on-chip PROM contain H'FF data (initial value). An efficient, high-speed
programming procedure can be used to program and verify PROM data. This
programming/verification procedure programs the chip quickly without subjecting it to voltage
stress and without sacrificing data reliability. Figure 18-6 shows the basic high-speed
programming flowchart. Tables 18-5 and 18-6 list the electrical characteristics of the chip during
programming. Figure 18-7 shows atiming diagram.

Set programming/
verification mode

Vcc=6.0V +0.25V,
Vpp =125V 0.3V

| Address =0 |
\

\
| -0 |

Yes | n+l-n |

No |
n<S? Program with tpyy =
0.2 ms +5%

No Address + 1 - address

Verification OK?

[

Program with topw =
0.2nms

No

Last address?

Set read mode
Vec=5.0V,
Vpep = Vec

No All addresses

OK?

Figure18-6 High-Speed Programming Flowchart
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Table 18-5 DC Characteristicsin PROM Mode (Preliminary)

(When Ve =6.0V £0.25V, Vpp = 125V 0.3V, Vgg = 0V, T, = 25°C +5°C)

Item Symbol Min Typ Max Unit Test Conditions
Input high 0710 0p, Ajgto Ay, Viy 24 — Vgc+03 V

voltage OE, CE, PGM

Input low &tcﬁo, AlG to Ao, V||_ -0.3 — 0.8 \Y

voltage OE, CE, PGM

Outpu’[ h|gh 07 to OO VOH 2.4 —_— —_— \Y IOH =-200 I.lA
voltage

Output low 07 to OO VoL — — 0.45 \ loL = 1.6mA
voltage

Input leakage  O; to Og, Ajgto Ay, | I] — — 2 MA  V;,=5.25V/0.5V
current OE, CE, PGM

Vcc current lcc — — 40 mA

Vpp current Ipp — — 40 mA

Table18-6 AC Characteristicsin PROM Mode
(WhenVcc=6.0V £0.25V, Vpp =125V £ 0.3V, T, = 25°C £5°C)

Item Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — us Figure 18-7*
OE setup time toEs 2 — — us

Data setup time tos 2 — — Us

Address hold time tan 0 — — Hs

Data hold time toH 2 — — ps

Output disable delay time tor — — 130 Us

Vpp setup time tvps 2 — — Hs

PGM pulse width for initial tow 019 020 021 ms

programming

PGM pulse width for overwrite topw 0.19 — 5.25 ms

programming

V¢ setup time tves 2 — — ps

CE setup time tces 2 — — us

‘OE output delay time toe 0 — 150 ns

Note: * Input pulse level: 0.8 Vto 2.2V
Input rise time and fall time < 20 ns
Timing reference levels: 1.0 V and 2.0 V for input; 0.8 VV and 2.0 V for output
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Program Verify
Address X X
tas ‘ +‘ A
N— - X
Data i
—<f Write data 7 L Read data Q—
los, oy L - |= lOF
Vpp Ve /|
Vee tvps
VCC +1 r
V
c Vee —/jvcg
CE
tces
- [ m
PGM \ /
tpw toes tOEV
_ Al r
OF \ /

Figure18-7 PROM Write/Verify Timing
18.3.2 Programming Precautions
(1) Program with the specified voltages and timing.
The programming voltage (Vpp) in PROM modeis12.5V.

If the PROM programmer is set to Hitachi HN27C101 specifications, Vpp Will be 12.5 V. Applied
voltages in excess of the specified values can permanently destroy the chip. Be particularly careful
about the PROM programmer’s overshoot characteristics.

(2) Before programming, check that the chip is correctly mounted in the PROM
programmer. Overcurrent damage to the chip can result if the index marks on the PROM
programmer, socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while programming. Touching either of these can
cause contact faults and write errors.
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(4) The chip cannot be programmed in page programming mode. Select byte programming
mode.

(5) With the H8/538, specify H'FF data for addresses H'EE80 to H'1FFFF. The H8/538
PROM sizeis 60 kbytes. Addresses H'EES80 to H'1FFFF always read H'FF, so if H'FF is not
specified as program data, a verify error will occur.

18.4 Reliability of Programmed Data

An effective way to assure the data holding characteristics of the programmed chipsis to bake
them at 150°C, then screen them for data errors. This procedure quickly eliminates chips with
PROM memory cells prone to early failure.

Figure 18-8 shows the recommended screening procedure.

Program chip and verify
programmed data

Bake chip for 48 hours at 150°C
with power off

Read and check program
Vcc =50V

Figure 18-8 Recommended Screening Procedure (Example)

If aseries of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.
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Section 19 Power-Down State

19.1 Overview

The H8/538 and H8/539 have a power-down state that greatly reduces power consumption by
halting CPU functions. The power-down state includes three modes: sleep mode, software standby
mode, and hardware standby mode. Table 19-1 indicates the methods of entering and exiting the
power-down modes.

Table19-1 Power-Down Mode Transition Conditions

State

Entering CPU Peripheral 110 Exiting
Mode Procedure Clock CPU Registers Functions RAM Ports Methods
Sleep Execute Run  Halt Held Run Held Held * Interrupt
mode SLEEP « RES

instruction ¢ STBY
Software Set SSBY bhit  Halt Halt Held Halt and Held Held o NMI
standby in SBYCRto 1, initialized « RES
mode then execute ¢ STBY

SLEEP

instruction
Hardware Low input at Halt Halt Notheld Halt Held High « STBY
standby  STBY pin impedance & RES
mode
Legend

SBYCR: Software standby control register
SSBY: Software standby bit
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19.2 Sleep Mode
This section describes sleep mode.
19.2.1 Transition to Sleep Mode

Execution of the SLEEP instruction causes a transition from the program execution state to sleep
mode. Immediately after executing the SLEEP instruction the H8/500 CPU halts, but the contents
of itsinternal registers remain unchanged. The on-chip peripheral modules do not halt in sleep
mode.

19.2.2 Exit from Sleep Mode

The chip exits sleep mode when it receives an interrupt request, or alow input at the RES or
STBY pin.

(1) Exit by Interrupt: An interrupt terminates sleep mode and starts the interrupt-handling
routine or data transfer controller (DTC). The chip does not exit sleep mode if the interrupt
priority level is equal to or less than the level set in the H8/500 CPU'’s status register (SR), or if the
interrupt is disabled in an on-chip peripheral module.

(2) Exit by RES Input: When the RES signal goes low, the chip exits from sleep mode to the
reset state.

(3) Exit by STBY Input: When the STBY signal goes low, the chip exits from sleep mode to
hardware standby mode.
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19.3 Software Standby M ode
This section describes software standby mode.
19.3.1 Transition to Software Standby M ode

If software sets the standby bit (SSBY) to 1 in the software standby control register (SBY CR),
then executes the SLEEP instruction, the chip enters software standby mode. Table 19-2 gives
register information about SBY CR.

In software standby mode current dissipation is reduced to an extremely low level because the
CPU and on-chip peripheral modules all halt. The on-chip peripheral modules are reset. Aslong
as the specified voltage is supplied, however, CPU register contents, on-chip RAM data, and I/0
port states are held.

Table19-2 Standby Control Register

Address Name Abbreviation R/W Initial Value

H'FF1A Software standby control register SBYCR R/W H'7F

19.3.2 Software Standby Control Register

The software standby control register (SBY CR) is an eight-bit register that must be set in order to
enter software standby mode. The bit structure is described next.

Bit 7 6 5 4 3 2 1 0

lssev | — | - | - -] -1 - -
Initial value 0 1 1 1 1 1 1 1
R/W R/W — — — — — — —

L Reserved bits

Software standby bit
Enables transition to software standby mode
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(1) Bit 7—Software Standby (SSBY): Enables transition to software standby mode.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode. (Initial value)
1 SLEEP instruction causes transition to software standby mode

The SSBY bit cannot be set to 1 while the timer enable bit (TME) isset to 1 in the timer
control/status register (TCSR) of the watchdog timer (WDT). Before entering software standby
mode, software must clear the TME bit to O.

The SSBY bit is automatically cleared to 0 when the chip recovers from software standby mode
by NMI or reset, or enters hardware standby mode.

(2) Bits6to 0—Reserved: Read-only bits, alwaysread as 1.
19.3.3 Exit from Software Standby M ode
The chip can be brought out of software standby mode by input at the NMI, RES, or STBY pin.

(1) Recovery by NMI: To recover from software standby mode by NMI input, software must set
clock select bits 2 to 0 (CKS2 to CKS0) in the watchdog timer’s timer control/status register
(TCSR) beforehand to select the oscillator setting time, and must also select the desired NMI
input edge.

When an NMI interrupt request signal isinput, the clock oscillator begins operating. At first clock
pulses are supplied only to the watchdog timer. The watchdog timer receives the supplied clock
and starts counting. After the oscillator settling time selected by bits CKS2 to CKS0 in the
control/status register (TCSR), the watchdog timer overflows. After the watchdog timer
overflows, the clock is supplied to the entire chip, software standby mode ends, and the NMI
exception-handling sequence begins.

(2) Recovery by RES Input: When software standby mode is exited by RES input, clock pulses
are supplied to the entire chip as soon as the clock oscillator starts. The clock oscillator starts
when the RES signal goeslow. After the oscillator settling time, when the RES signal goes high,
the CPU begins executing the reset sequence. The RES signal must be held low long enough for
the clock to stabilize.

(3) Recovery by STBY Input: When the STBY signal goes low, the chip exits from software
standby mode to hardware standby mode.
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19.3.4 Sample Application of Software Standby Mode
Figure 19-1 illustrates NM|I timing for software standby mode.

[J  With the nonmaskable interrupt edge bit (NMIEG) in the NMI control register (NMICR)
cleared to O (falling edge), NMI goes low.

[1 TheNMIEG hitissetto 1.

[] Software setsthe SSBY hit to 1, then executes the SLEEP instruction. The chip enters
software standby mode.

[1  When the NMI signal goes high, the chip exits software standby mode.

Clock
oseitiator LTI 2 AT
S 11 UL
© @
NMI &) )) @D
S8
))
’t\:i?/”EG @ « Oscillator
_ settling time
))
SSBY SN
bit | ® ‘I—
NMI interrupt Software standby b " oscillator settling‘ NMI interrupt
handler mode time (toscz) set 4 handler
NMIEG - 1 (power-down state) in WDT
SSBY ~ 1
WDT count WDT count
SLEEP. starts overflows
instruction

Clock oscillator starts

Figure19-1 NMI Timing for Software Standby Mode (Example)

19.3.5 Note

The 1/O ports are not initialized in software standby mode. If aport isin the high output state, it
remainsin that state and power reduction is lessened by the amount of current output.
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19.4 Hardware Standby M ode
This section describes hardware standby mode.
19.4.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goeslow. Hardware standby mode reduces power consumption drastically by halting the CPU
and stopping al functions of the on-chip peripheral modules. The on-chip peripheral modules are
reset, but as long as the specified voltage is supplied, on-chip RAM contents are held. To hold
RAM contents, the RAME bit in the RAM control register (RAMCR) should be cleared to 0. 1/0O
ports are placed in the high-impedance state.

19.4.2 Recovery from Hardware Standby Mode

Recovery from the hardware standby mode requires inputs on both the STBY and RES lines.
When STBY goes high, the clock oscillator begins running. RES should be low at thistime.
After the oscillator settling time, when the RES signal goes high, the H8/500 CPU begins
executing the reset sequence. The H8/500 CPU then returns to the program execution state,
ending hardware standby mode.

19.4.3 Timing for Har dware Standby Mode

Figure 19-2 shows the timing relationships in hardware standby mode.

Clock
oscillator LT ) LTI

—

\
RES ] ))
NS
STBY | )) |
SN
‘Hardware standby moder B Oscillator -
(power-down state) settling time

(tosc1)

Figure19-2 Hardware Standby Mode Timing
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Section 20 Electrical Characteristics

20.1 Absolute Maximum Ratings (H8/538)
Table 20-1 lists the absolute maximum ratings.

Table 20-1 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Programming voltage Vpp -0.3to +13.5 \%
Input voltage (except ports 8 and 9) Vi, -0.3t0 Ve +0.3 \%
Input voltage (ports 8 and 9) Vin —0.3t0 AVc +0.3 \%
Reference voltage VREE —0.31t0 AVec + 0.3 \Y
Analog power supply voltage AVcce -0.3t0 +7.0 \%
Analog input voltage Van —0.3t0 AVcc +0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85

Storage temperature Tstg -55to0 +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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20.2 Electrical Characteristics (H8/538)

20.2.1 DC Characteristics

Table 20-2 lists the DC characteristics. Table 20-3 lists the permissible output currents.

Table 20-2 DC Characteristics

Conditions: Ve =5.0V £ 10%, AV =50V + 10%, Vree = 5.0V £ 10%, Vgg=AVgg =0V,
T,=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Test

Item Symbol  Min Typ  Max Unit Conditions
Input high RES, STBY, Viy Vee-07 — Veet03 V
voltage MD,—MDg

EXTAL VCC x0.7 — VCC +0.3 Vv

Ports 8 and 9 2.2 — AVee +0.3  V

Other input pins 2.2 — Vec+03 V

(except ports 4

and 5)
Input low RES, STBY, i -0.3 — 0.4 \Y
voltage MD,—MDg

Other input pins -0.3 — 0.8 \%

(except ports 4

and 5)
Schmitt Ports 4 and 5 VT- 1.0 — 25 \Y
trigger input VT+ 20 - 35 v
voltages - .

VT+ —VT- 0.4 — — \Y

Input leakage RESO [ lin | — — 10.0 MA  Vin=0.5t0
current RES, STBY, NMI, — — 10 pa  Vec— 05V

MDy—MD,

Ports 8 and 9 — — 1.0 MA  Vin=0.5to

AVec—-0.5V

Leakage Ports 1 to 7 [lsTi| — — 1.0 WA  Vin=0.5to
current in and Ato C AVee—05V
3-state
(off-state)
Input pull-up  Ports B and C —Ip 50 — 200 MA  Vin=0V

transistor
current
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Table 20-2 DC Characteristics (cont)

Conditions: Ve =5.0V + 10%, AVe =5.0V + 10%, VRge = 5.0V £ 10%, Vg = AVgg =0V,
T,=-201t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Test
Item Symbol  Min Typ Max Unit Conditions
Output high  All output pins  Vgy Vec-05 — — \Y lon =
voltage —200 pA
35 — _— \Y IOH =-1mA
Output low All output pins Vg, — — 0.4 \Y lo. = 1.6 mMA
voltage (except RESO)
Ports 3, 5, B, — — 1.0 \Y loL =8 mA
and C — — 12 VoL =10 mA
RESO — — 04 \Y loL = 2.6 MA
Input RESO Cin — — 60 pF Vin=0V
capacitance f=1MHz
NMI — — F
-~ 30 PE_ 1,=25C
All input pins — — 20 pF
except RES
and NMI
Current Normal lcc — 35 60 mA =6 MHz
dissipation operation _ 50 80 mA  f=8MHz
— 65 100 mA =10 MHz
Sleep mode — 16 30 mA f=6 MHz
— 20 35 mA f=8MHz
— 24 40 mA =10 MHz
Standby mode — 0.01 5.0 MA  T,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Alcc — 12 2.0 mA
power supply conversion
current Idle — 001 5.0 LA
Reference During A/D Alcc — 0.2 0.5 MA  Vgge=5.0V
current conversion
Idle — 0.01 5.0 HA
RAM standby voltage VraM 2.0 — — \Y

Notes on next page.
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Notes: 1. Never leave the AV, AVgg, and Ve pins open. If the A/D converter is not used,
connect AVcc and Vggrg to Ve and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| max = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

Table 20-3 Permissible Output Currents

Conditions; VCC =5.0V % 10%, AVCC =50V * 10%, VREF =50V % 10%, (VREF < AVCC)!
Vss=AVgs=0V, T3=-201t0 +75°C (regular specifications), T, =—-40to +85°C
(wide-range specifications)

Item Symbol Min Typ Max  Unit
Permissible output low Ports 3 and 5 loL — — 10 mA
current (per pin) RESO . . 30 mA
Other output pins — — 2.0 mA
Permissible output low Total of 13 pinsin ports ~ Ylg. — — 40 mA
current (total) 3and5
Total of all output pins, — — 80 mA

including the above

Permissible output high  All output pins lon — — 2.0 mA
current (per pin)

Permissible output high  Total of all output pins Slon — — 25 mA
current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 20-3.
2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 20-1 and 20-2.
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H8/538

Port3or5

3

Darlington pair

Figure 20-1 Darlington Pair Drive Circuit (Example)

H8/538
Vee

600 Q

Port 3 or 5

LED

Figure20-2 LED Drive Circuit (Example)
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20.2.2 AC Characteristics

The AC characteristics of the H8/538 are described below. Bus timing parameters are listed in
table 20-4. Control signal timing parameters are listed in table 20-5. Timing parameters of the on-
chip peripheral modules are listed in table 20-6.

Table 20-4 BusTiming

Conditions: Ve =5.0V + 10%, AVee =5.0V + 10%, VRge = 5.0V £ 10%, Vg = AVgg =0V,
T,=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
6 MHz 8 MHz 10 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time teye 166.7 2000 125 2000 100 2000 ns Fig. 20-7,
Clock low pulse width toL 65 — 45 — 35 — ns 9208
Clock high pulse width tcH 65 — 45 — 35 — ns

Clock rise time ter — 15 — 15 — 15 ns

Clock fall time tes — 15 — 15 — 15 ns

Address delay time tap — 50 — 35 — 25 ns

Address hold time taH 30 — 25 — 20 — ns

Address strobe delay time 1 tasp1 — 50 — 40 — 35 ns

Address strobe delay time 2 tasp2 — 50 — 40 — 40 ns

Read strobe delay time 1 trRoD1 — 50 — 40 — 35 ns

Read strobe delay time 2 trRoD2 — 50 — 40 — 40 ns

Write strobe delay time 1 twrD1 — 50 — 40 — 40 ns

Write strobe delay time 2 twrD2 — 50 — 40 — 40 ns

Write strobe delay time 3 twrD3 — 50 — 40 — 40 ns

Write data strobe pulse width 1 tyrw1 150 — 110 — 90 — ns

Write data strobe pulse width 2 tyrw2 200 — 150 — 120 — ns

Address setup time 1 tast 25 — 20 — 20 — ns

Address setup time 2 taso 25 — 20 — 20 — ns

Address setup time 3 tas3 105 — 80 — 65 — ns

Read data setup time trDs 40 — 30 — 20 — ns

Read data hold time tRDH 0 — 0 — 0 — ns

Read data access time 1 tacct — 160 — 125 — 100 ns

Read data access time 2 tacco — 300 — 230 — 200 ns

Write data delay time twob — 65 — 65 — 65 ns

Write data setup time twops 30 — 15 — 10 — ns

Write data hold time twoH 30 — 25 — 20 — ns
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Table 20-4 Bus Timing (cont)

Conditions: Ve =5.0V + 10%, AVe =5.0V + 10%, VRge = 5.0V £ 10%, Vg = AVgg =0V,
T,=-201t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
6 MHz 8 MHz 10 MHz Test

Item Symbol Min Max Min  Max Min Max Unit Conditions
Wait setup time twrs 40 — 40 — 35 — ns Fig. 20-9
Wait hold time twH 10 — 10 — 10 — ns
Bus request setup time tgros 40 — 40 — 40 — ns Fig. 20-13
Bus acknowledge delay time 1~ tgacp1 — 70 — 60 — 50 ns
Bus acknowledge delay time 2 tgacp2,  — 70 — 60 — 50 ns
Bus-floating delay time tezD — teacpr — teacpr — teacpr NS

Table 20-5 Control Signal Timing

Conditions: Vo =5.0V + 10%, AVe =5.0V + 10%, VRge = 5.0V £ 10%, Vg = AVgg =0V,
T,=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
6 MHz 8 MHz 10 MHz Test

Item Symbol Min Max Min  Max Min Max Unit Conditions
RES setup time tRESS 200 — 200 — 200 — ns Fig. 20-10
RES pulse width tresw 60  — 60 — 60 — teve
Mode programming setup time  typs 4.0 — 4.0 — 4.0 — teye
RESO output delay time treSD 200 — 200 — 200 ns  Fig. 20-11
RESO output pulse width tresow 132 — 132 — 132 — teve
NMI setup time tmis 150 — 150 — 150 — ns Fig. 20-12
NMI hold time INMIH 10 — 10 — 10 — ns
IRQ, setup time troos 50 — 50 — 50 — ns
IRQ,_3 setup time tiro1s 50 — 50 — 50 — ns
IRQ;_3 hold time troin 10 — 10 — 10 — ns
NMI pulse width (for recovery [NTYTYY, 200 — 200 — 200 — ns Fig. 20-14
from software standby mode)
Clock oscillator settling time at ~ tggcr 20 — 20 — 20 — ms
reset (crystal)
Clock oscillator settling time in tosco 10 — 10 — 10 — ms  Fig. 19-1

software standby (crystal)
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Table 20-6 Timing of On-Chip Supporting M odules

Conditions: Ve =5.0V + 10%, AVee =5.0V + 10%, VRge = 5.0V £ 10%, Vg = AVgg =0V,
T,=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
6 MHz 8 MHz 10 MHz Test
Module Item Symbol Min Max Min Max Min Max Unit Conditions
IPU Timer output delay trocp — 100 — 100 — 100 ns Fig. 20-17
time
Timer input setup trics 50 — 50 — 50 — ns
time
Timer clock input treks 50 — 50 — 50 — ns Fig. 20-18
setup time
Timer clock pulse trekw 15 — 15 — 15 — teye
width
SCI Input clock  Asyn- tscve 4 — 4 — 4 — tcye Fig. 20-19
cycle chronous
Clocked 6 — 6 — 6 — tCYC
syn-
chronous
Input clock pulse tsckw 0.4 0.6 0.4 0.6 0.4 0.6 tseyc
width
Transmit data delay trxp — 100 — 100 — 100 ns Fig. 20-20
time
Receive data setup trxs 100 — 100 — 100 — ns
time (clocked
synchronous)
Receive data hold tRxH 100 — 100 — 100 — ns
time (clocked
synchronous)
Ports Output data delay tpwb — 50 — 50 — 50 ns Fig. 20-15
time
Input data setup tprs 50 — 50 — 50 — ns
time
Input data hold tprH 50 — 50 — 50 — ns

time
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5V

RL

H8/538 O Py I< C=90pF: P1, P2, PA, PB,

output pin PC, g, AS, RD,
HWR, LWR

C =30pF: P3, P4, P5, P6,
P7

C —f RH R = 2.4 kQ
Ry = 12 kQ

Input/output timing
measurement levels

V/a + Low: 0.8V

e High: 2.0V

Figure20-3 Output Load Circuit
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20.2.3 A/D Conversion Characteristics

Table 20-7 lists the A/D conversion characteristics of the H8/538.

Table 20-7 A/D Converter Characteristics

Conditions: VCC = AVCC =5.0V +10%, VSS = AVSS =0V, VREF =50V +x10% (VREF <

AV ), Ta=-20t0 +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
6 MHz 8 MHz 10 MHz

Item Min  Typ Max Min  Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time — — 2223 — — 16.75 — — 134 ps
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible — — 10 — — 10 — — 10 kQ
signal-source
impedance
Nonlinearity error — — 20 — — 2.0 — — +2.0 LSB
Offset error — — 20 — — +20 — — 2.0 LSB
Full-scale error — — 20 — — 20 — — 2.0 LSB
Quantization error — — +1/2 — — +1/2 — — +1/2 LSB
Absolute accuracy — — 25 — — +25 — — +25 LSB
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— Preliminary —
20.3 Absolute Maximum Ratings (H8/539)
Table 20-8 lists the absolute maximum ratings.

Table 20-8 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Vee -0.3to0 +7.0 \%
Programming voltage Vpp -0.3to +13.0 \%
Input voltage (except ports 8 and 9) Vi, —-0.3t0 Ve +0.3 \%
Input voltage (ports 8 and 9) Vin —0.3t0 AV + 0.3 \%
Reference voltage VReE —0.3t0 AVc +0.3 \Y
Analog power supply voltage AVcce -0.3t0 +7.0 \%
Analog input voltage Van —0.3t0 AV + 0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85

Storage temperature Tsg -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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20.4 Electrical Characteristics (H8/539)

20.4.1 DC Characteristics

— Preliminary —

Tables 20-9 to 20-11 list the DC characteristics. Table 20-12 lists the permissible output currents.

Table20-9 DC Characteristics [L ow-Voltage Specifications (2.7-V Version)]

Conditions: VCC =27t055YV, AVCC =27t055YV, VREF =27t055V (VREF < AVCc),

Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test

Item Symbol  Min Typ Max Unit Conditions
Input high RES, STBY, V4 Veex09 — Vee+03 V
voltage MD,—MDg

EXTAL Vee x0.7 — Vee+03 V

Ports 8 and 9 22 — AVee+03  V

Other input pins 2.2 — Vec+03 VvV

(except ports 4

and 5)
Input low RES, STBY, V||_ -0.3 —_ VCC x 0.1 Vv
voltage MD,—MDg

Other input pins -0.3 — 0.8 \Y, Vec24.0V

(except ports 4

and 5) -0.3 — Vee x0.2 V Vee <4.0V
Schmitt Ports 4 and 5 VT- Veex02 — Veex05 V
trigger input + .
voltages VT Vee x0.4 Veex07 V

VT+ —VT- Ve x0.07 — — \Y

Input leakage RESO [ lin | — — 10.0 MA  Vin=0.5to
current RES, STBY, NMI, — — 10 ua  Vec =05V

MDy—MD,

Ports 8 and 9 — — 1.0 MA Vin=0.5to

AVee—-0.5V

Leakage Ports 1 to 7 [lsmi | — — 1.0 WA  Vin=0.5to
current in and Ato C AVec-05V
3-state
(off-state)
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— Preliminary —
Table 20-9 DC Characteristics[L ow-Voltage Specifications (2.7-V Version)] (cont)

Conditions: Ve =27105.5V, AVee=271t055V, Vggr = 2.7t05.5V (VRer < AV o),
Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Input pull-up  Ports Band C —lp 15 — 300 MA  Vin=0V
transistor
current
Output high  All output pins ~ Vgy Vec-04 — — \Y lon =
voltage —200 pA
VCC -1.0 — —_— V IOH =-1mA
Output low All output pins Vg — — 0.4 \Y lo. = 1.2 mA
voltage (except RESO)
Ports 3 and 5 — — 1.0 \Y loL =5 mA
RESO — — 0.4 Y, loL = 1.6 mA
Input RESO Cin — — 60 pF  Vin=0V
capacitance . . f=1MHz
NMI 50 pF T, = 25°C
All input pins — — 20 pF
except RESO,
NMI
Current Normal lcc™t — 50 80 mA =8 MHz,
dissipation operation Vee =55V
— 27 44 mA f=8 MHz,
Vee=3.0V
Sleep mode — 20 35 mA f=8 MHz,
Vee =55V
— 11 19 mA f=8 MHz,
Vee=3.0V
Standby mode — 0.01 5.0 MA  T,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Alcc — 1.2 2.0 mMmA AV =50V
ower supply conversion
P pply — 0.7 1.2 mA  AVec=3.0V

current

ldle — 0.01 5.0 MA
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— Preliminary —
Table 20-9 DC Characteristics [L ow-Voltage Specifications (2.7-V Version)] (cont)

Conditions: Ve =27105.5V, AVec=271t055V, Vgygr = 2.7t05.5V (VRer < AV o),
Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Reference During A/D Alcc — 0.2 0.5 mMA  Vgge=5.0V
current conversion . 0.1 0.3 MA  Vpgr=3.0V
Idle — 0.01 5.0 HA
RAM standby voltage Veam 2.0 — — \Y

Notes: 1. Never leave the AV, AVgg, and Vger pins open. If the A/D converter is not used,
connect AVqc and VRygg to V¢ and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| nax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
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— Preliminary —
Table 20-10 DC Characteristics [L ow-Voltage Specifications (3.0-V Version)]

Conditions: Vo =3.0t055V, AV =3.0t1055V, Vgegr =3.0t05.5V (VRer < AV(o),
Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Input high RES, STBY, A Veex09 — Vee+03 V
voltage MD,—MDg
EXTAL Vee x0.7  — Vee+03 V
Ports 8 and 9 2.2 — AVee+03  V
Other input pins 2.2 — Vee+03 VvV
(except ports 4
and 5)
Input low RES, STBY, V||_ -0.3 —_ VCC x 0.1 \Y
voltage MD,—MDg
Other input pins -0.3 — 0.8 \Y Vec24.0V
(except ports 4
and 5) -0.3 — Vee X022V 4V <V <
55V
Schmitt Ports 4 and 5 VT- Vee x0.2 — Vee x05 VvV Vec<4.0V
trigger input + _
voltages VT VCC x 0.4 VCC x 0.7 \Y
VT+ —VT- Ve x0.07 — — \Y
Input leakage RESO [ lin | — — 10.0 MA  Vin=0.5to
current RES, STBY, NMI, — — 10 pa  Vec =05V
MDg—MD,
Ports 8 and 9 — — 1.0 MA  Vin=0.5to
AVec—-05V
Leakage Ports 1 to 7 [lsTi | — — 1.0 WA  Vin=0.5to
currentin and Ato C AVee-05V
3-state
(off-state)
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— Preliminary —
Table 20-10 DC Characteristics[L ow-Voltage Specifications (3.0-V Version)] (cont)

Conditions: Vo =3.0t055V, AV =3.0t1055V, Vgegr =3.0t05.5V (Vrer < AVo),
Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Input pull-up  Ports Band C —lp 15 — 300 MA  Vin=0V
transistor
current
Output high  All output pins  Vgn Vee-05 — — \Y lon =
voltage —200 pA
VCC -1.0 — _— \Y IOH =-1mA
Output low All output pins Vg — — 0.4 \Y lo. = 1.6 MA
voltage (except RESO)
Ports 3 and 5 — — 1.0 \Y, loL =5 mMA
RESO — — 0.4 Y, loL =1.2mA
Input RESO Cin — — 60 pF  Vin=0V
capacitance . . f=1MHz
NMI 50 pF T, = 25°C
All input pins — — 20 pF
except RESO,
NMI
Current Normal lcc™t — 65 100 mA f=10 MHz,
dissipation operation Vee =55V
— 36 55 mA =10 MHz,
Vee=3.0V
Sleep mode — 24 40 mA =10 MHz,
Vee =55V
— 13 22 mA =10 MHz,
Vee=3.0V
Standby mode — 0.01 5.0 MA  T,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Alcc — 1.2 2.0 mA AV, =50V
ower supply conversion
P pply — 0.7 1.2 mA AV =3.0V

current

ldle — 0.01 5.0 HA
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— Preliminary —
Table 20-10 DC Characteristics [L ow-Voltage Specifications (3.0-V Version)] (cont)

Conditions: Vo =3.0t055V, AV =3.0t1055V, Vgegr =3.0t05.5V (VRer < AV(o),
Vgs=AVgg=0V, T,=-20t0 +75 C (regular specifications)

Test
Iltem Symbol  Min Typ Max Unit Conditions
Reference During A/D Alcc — 0.2 0.5 mMA  Vgge=5.0V
current conversion _ 0.1 0.3 MA  Vper=3.0V
Idle — 0.01 5.0 HA
RAM standby voltage VRraM 2.0 — — \Y

Notes: 1. Never leave the AV, AVgg, and Vger pins open. If the A/D converter is not used,
connect AVcc and VRyeg to V¢ and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| max = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
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Table20-11 DC Characteristics[5-V Version]

— Preliminary —

Conditions: VCC =50V * 10%, AVCC =50V * 10%, (VREF < AVCC)’ VSS = AVSS =0V,
T,=-20t0 +75° C (regular specifications), T, =—40 to +85°C (wide-range

specifications)
Test
Item Symbol  Min Typ Max Unit Conditions
Input high RES, STBY, V4 Vee—-07 — Vee+03 V
voltage MD,—MDg
EXTAL VCC x0.7 — VCC +0.3 \Y
Ports 8 and 9 2.2 — AVee +0.3 Vv
Other input pins 2.2 — Vec+03 V
(except ports 4
and 5)
Input low RES, STBY, i -0.3 — 0.4 \Y
voltage MD,—MDg
Other input pins -0.3 — 0.8 \%
(except ports 4
and 5)
Schmitt Ports 4 and 5 VT- 1.0 — 2.5 \%
trigger input VT+ 20 _ 35 Vv
voltages
VT —VT- 0.4 - — Vv
Input leakage RESO [ lin — — 10.0 MA  Vin=0.5t0
current RES, STBY, NMI, _ — 10 pa  Vec— 05V
MDg—MD,
Ports 8 and 9 — — 1.0 MA  Vin=0.5to
AVee—05V
Leakage Ports 1 to 7 [lsmi | — — 1.0 WA  Vin=0.5to
current in and Ato C AVee—05V
3-state
(off-state)
Input pull-up  Ports B and C —lp 50 — 300 MPA  Vin=0V
transistor
current
Output high All output pins VoHn Vee-05 — — \% lon =
voltage —200 pA
35 — — \Y lon =—-1 mA
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— Preliminary —
Table 20-11 DC Characteristics[5-V Version] (cont)

Conditions: VCC =50V * 10%, AVCC =5.0V * 10%, (VREF < AVCC)' VSS = AVSS =0V,
T,=-20t0 +75°C (regular specifications), T, =—40to +85°C (wide-range

specifications)
Test
Item Symbol  Min Typ Max Unit Conditions
Output low All output pins Vg — — 0.4 \Y lo. = 1.6 mMA
voltage (except RESO)
Ports 3, 5, B, — — 1.0 \Y loL =8 mA
and C — — 12 Vo lo =10mA
RESO — — 04 \Y loL = 2.6 MA
Input RESO Cin — — 60 pF Vin=0V
capacitance i _ _ g f=1MHz
oM 50 PP 1,=25C
All input pins — — 20 pF
except RESO,
NMI
Current Normal lcc — 100 158 mA =16 MHz
dissipation operation
Sleep mode — 60 88 mA =16 MHz
Standby mode — 0.01 5.0 MA  T,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Alcc — 1.2 2.0 mA
power supply conversion
current Idle — 001 50 LA
Reference During A/D Alcc — 0.2 0.5 MA  Vgge=5.0V
current conversion
ldle — 0.01 5.0 HA
RAM standby voltage VraM 2.0 — — \Y

Notes: 1. Never leave the AVc, AVss, and Vggg pins open. If the A/D converter is not used,
connect AVcc and Vggg to V¢ and connect AVgg to Vss.
2. Current dissipation values are for V|ymin = Vcc — 0.5 V and V| ax = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.
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Table 20-12 Permissible Output Currents

Condition A: Ve =27t055V, AV =2.7t1055V, VRgr=2.7105.5V (VRgr £ AVo),
Vgs=AVgs =0V, T,=-20t0 +75 C (regular specifications)

Condition B: VCC =3.0to5.5 V, AVCC =3.0to5.5 V, VREF =3.0to55V (VREF < AVCC)'
Vgs=AVgs =0V, T,=-20t0 +75 C (regular specifications)

Condition C: Ve =5.0V £10%, AV = 5.0V £10%, Vger = 5.0 V £10% (Vrer < AVce),
Vgs=AVgs=0V, T,=-20t0 +75 C (regular specifications), T, =—-40to +85°C
(wide-range specifications)

Item Symbol Min Typ Max  Unit
Permissible output low Ports 3 and 5 loL — — 10 mA
current (per pin) BESO _ _ 30 mA
Other output pins — — 2.0 mA
Permissible output low Total of 13 pinsin ports ~ Ylg. — — 40 mA
current (total) 3and5
Total of all output pins, — — 80 mA

including the above

Permissible output high  All output pins lon — — 2.0 mA
current (per pin)

Permissible output high  Total of all output pins Slon — — 25 mA
current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 20-12.
2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 20-4 and 20-5.
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Port3or5

.

Darlington pair

Figure 20-4 Darlington Pair Drive Circuit (Example)

600 Q

Port3or5

LED

Figure20-5 LED Drive Circuit (Example)

Due to high-speed design, the H8/538 ZTAT fabrication process differs from the fabrication
process of the H8/538 masked-ROM version, H8/539 ZTAT version, and H8/539 masked-ROM
version. This may cause differences in some specification values, operating margins, and noise
margins, requiring attention to board design when the H8/538 ZTAT version is replaced by the
H8/538 masked-ROM version, H8/539 ZTAT version, or H8/539 masked-ROM version.

543



— Preliminary —
20.4.2 AC Characteristics

The AC characteristics of the H8/539 are described below. Bus timing parameters are listed in
table 20-13. Control signal timing parameters are listed in table 20-14. Timing parameters of the
on-chip supporting modules are listed in table 20-15.

Table20-13 BusTiming

Condition A: Vcc=271055V,AVcc=271055V,Vggp=2.7t055V,Vgg=AVgg =0V,
T,=-20t0 +75°C (regular specifications)

ConditionB: Vcc=3.0t055V,AVcc=3.0t055V,Vggr=3.0t055V,Vgg=AVgg=0V,
T,=-20t0 +75°C (regular specifications)

Condition C: Ve =5.0V +10%, AV e = 5.0 V +10%, Vrer = 5.0V £10%, Ve = AVgs =0V,
T,=-20t0 +75°C (regular specifications), T, =-40 to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test

Iltem Symbol Min Max Min  Max Min Max Unit Conditions
Clock cycle time teve 125 500 100 500 625 500 ns Fig. 20-7,
Clock low pulse width toL 30 — 25 — 20 — ns r9-20-8
Clock high pulse width tcH 30 — 25 — 20 — ns

Clock rise time ter — 25 — 20 — 15 ns

Clock fall time tes — 25 — 20 — 15 ns

Address delay time tap — 50 — 40 — 25* ns

Address hold time taH 20 — 15 — 10 — ns

Address strobe delay time 1 tasp1 — 40 — 35 — 25 ns

Address strobe delay time 2 tasp2 — 40 — 40 — 25 ns

Read strobe delay time 1 tROD1 — 40 — 35 — 25 ns

Read strobe delay time 2 trRoD2 — 40 — 40 — 25 ns

Write strobe delay time 1 twrD1 — 40 — 40 — 25 ns

Write strobe delay time 2 twrD2 — 40 — 40 — 25 ns

Write strobe delay time 3 twrD3 — 40 — 40 — 25 ns

Write data strobe pulse width 1 tyrw1 110 — 90 — 50 — ns

Write data strobe pulse width 2 tyrw2 150 — 120 — 70 — ns

Address setup time 1 tast 20 — 20 — 10 — ns

Note: * Except when recovering from the bus-released state.
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Table 20-13 Bus Timing (cont)

Condition A: Vec=271t055V, AVec=27t055V, VRgr = 271055V, Vgg= AVgg =0V,
T,=-20t0 +75"C (regular specifications)

ConditionB: Voc=3.0t055V, AV =3.0t055V,Vgegr=3.0t055V,Vgg=AVgs=0V,
T,=-20t0 +75"C (regular specifications)

Condition C: Ve =5.0V +10%, AV = 5.0V +10%, Ve = 5.0 V £10%, Vgg = AVgg =0V,
T,=-20t0 +75 C (regular specifications), T, =-40 to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test
Item Symbol Min Max Min Max Min Max  Unit Conditions
Address setup time 2 taso 20 — 20 — 10 — ns Fig. 20-7,
Address setup time 3 tass 80 — 65 — 30 — ns Fig-20-8
Read data setup time trDs 30 — 20 — 15 — ns
Read data hold time tRDH 0 — 0 — 0 — ns
Read data access time 1 tacct — 110 — 80 — 60 ns
Read data access time 2 tace2 — 220 — 190 — 120 ns
Write data delay time twpb — 65 — 65 — 55 ns
Write data setup time twps 15 — 10 — 5 — ns
Write data hold time twoH 25 — 20 — 10 — ns
Wait setup time twrs 40 — 35 — 25 — ns Fig. 20-9
Wait hold time twrH 10 — 10 — 10 — ns
Bus request setup time tBrQs 40 — 40 — 30 — ns Fig. 20-13
Bus acknowledge delay time 1 tgacp1 — 60 — 50 — 30 ns
Bus acknowledge delay time 2 tgacp2  — 60 — 50 — 30 ns
Bus-floating delay time tezD — teacDr — teacDr — tgacpr NS
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Table 20-14 Control Signal Timing

Condition A: Ve =271t055V, AVec=27t055V, VRgr = 271055V, Vgg= AVgg =0V,
T,=-20t0 +75°C (regular specifications)

ConditionB: Voc=3.0t055V, AV =3.0t055V,Vgegr=3.0t055V,Vgg=AVgs=0V,
T,=-20t0 +75°C (regular specifications)

Condition C: Ve =5.0V +10%, AV = 5.0V +10%, Ve = 5.0 V £10%, Veg = AVgg =0V,
T,=-20t0 +75°C (regular specifications), T, =—40 to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test
Iltem Symbol Min Max Min  Max  Min Max Unit Conditions
RES setup time trResS 200 — 200 — 200 — ns Fig. 20-10
RES pulse width tresw 6.0 — 6.0 — 6.0 — teve
Mode programming setup time  typs 4.0 — 4.0 — 4.0 — tcye
RESO output delay time treSD — 200 — 200 — 200 ns  Fig. 20-11
RESO output pulse width tresow 132 — 132 — 132 — teve
NMI setup time tamis 150 — 150 — 150 — ns Fig. 20-12
NMI hold time tNMIH 10 — 10 — 10 — ns
IRQ, setup time tros 50 — 50 — 30 — ns
IRQ;_5 setup time trois 50 — 50 — 30 — ns
IRQ;_3 hold time troan 10 — 10 — 10 — ns
NMI pulse width (for recovery taviw 200 — 200 — 200 — ns  Fig. 20-14
from software standby mode)
Clock oscillator settling time at ~ togcr 20 — 20 — 20 — ms
reset (crystal)
Clock oscillator settling time in tosco 10 — 10 — 10 — ms  Fig. 19-1

software standby (crystal)
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Table 20-15 Timing of On-Chip Supporting Modules

Condition A: Vee=271055V, AVec=271055V, Vrgr = 2.7t055V, Vgg= AVgg =0V,

T,=-20t0 +75"C (regular specifications)

ConditionB: Voc=3.0t055V, AV =3.0t055V,Vgegr=3.0t055V,Vgg=AVgs=0V,

T,=-20t0 +75"C (regular specifications)

Condition C: Ve =5.0V £10%, AV = 5.0V £10%, Vrer = 5.0 V +10%, Vgg = AVgg =0V,

T,=-20t0 +75 C (regular specifications), T, =-40 to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test
Module Item Symbol Min Max Min Max  Min Max  Unit Conditions
IPU Timer output delay trocp — 100 — 100 — 100 ns Fig. 20-17
time
Timer input setup trics 50 — 50 — 30 — ns
time
Timer clock input treks 50 — 50 — 30 — ns Fig. 20-18
setup time
Timer clock pulse trekw 15 — 15 — 15 — teye
width
SCI Input clock Asyn- tscye 4 — 4 — 4 — tcye Fig. 20-19
cycle chronous
Clocked 6 — 6 — 6 — tCYC
syn-
chronous
Input clock pulse tsckw 0.4 0.6 0.4 0.6 0.4 0.6 tsoyc
width
Transmit data delay trxp — 100 — 100 — 100 ns Fig. 20-20
time
Receive data setup trxs 100 — 100 — 100 — ns
time (clocked
synchronous)
Receive data hold tRxH 100 — 100 — 100 — ns
time (clocked
synchronous)
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Table 20-15 Timing of On-Chip Supporting Modules (cont)

Condition A: Vee=271055V, AVec=271055V, Vrgr = 2.7t055V, Vgg=AVgg =0V,

T,=-20to +75°C (regular specifications)

ConditionB: Voc=3.0t055V, AV =3.0t055V,Vgegr=3.0t055V,Vgg=AVgs=0V,

T,=-20to +75°C (regular specifications)

Condition C: Ve =5.0V £10%, AV e = 5.0V £10%, Vrer = 5.0 V +10%, Vgg = AVgg =0V,

T,=-20t0 +75"C (regular specifications), T, =-40 to +85°C (wide-range

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test

Iltem Symbol Min Max  Min Max  Min Max  Unit Conditions
Ports  Output data tpyp — 50 — 50 — 30 ns Ve 24.5V Fig. 20-15

delay time — 100 — 100 — 100 Voo <45V

Input data  tprsg 50 — 50 — 30 — ns

setup time

Input data  tpry 50 — 50 — 30 — ns

hold time
PWM  Timer output tpwpp — 100 — 100 — 100 ns Fig. 20-16

delay time
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H8/539
output pin

QSV

C =90 pF: P1,P2, PA PB,
PC, g, AS, RD,
HWR, LWR

C =30 pF: P3, P4, P5, P6,
P7

R|_ =2.4kQ
Ry =12kQ

Input/output timing
measurement levels
e Low: 0.8V

e High: 2.0V

Figure20-6 Output Load Circuit
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20.4.3 A/D Conversion Characteristics

Table 20-16 liststhe A/D conversion characteristics of the H8/539. Table 20-17 lists the
permissible signal-source impedance for the A/D converter.

Table 20-16 A/D Converter Characteristics

Condition A: VCC =27t055YV, AVCC =27t055YV, VREF =27t0o55V (VREF < AVCC)'
Vgs=AVgs=0V, T,=-20t0 +75 C (regular specifications)

Condition B: VCC =3.0to55YV, AVCC =3.0to55YV, VREF =3.0to55V (VREF < AVCC)'
Vgs=AVgs=0V, T,=-20t0 +75 C (regular specifications)

Condition C: VCC =5.0V +10%, AVCC =5.0V +10%, VREF =50V +x10% (VREF < AVCC)’
Vgs=AVgs=0V, T,=-20t0 +75 C (regular specifications), T, =—-40to +85°C
(wide-range specifications)

Condition A*1 Condition B*2 Condition C
8 MHz 10 MHz 16 MHz

Iltem Min  Typ Max Min  Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion time — — 16.75 — — 134 — — 8.38 us
Analog input — — 20 — — 20 — — 20 pF
capacitance

Nonlinearity error — — +35 — — +35 — — +2.0 LSB
Offset error — — 35 — — 35 — — +2.0 LSB
Full-scale error — — 35 — — 35 — — 2.0 LSB
Quantization error — — +1/2 — — +1/2 — — +1/2 LSB
Absolute accuracy — — 40 — — +4.0 — — +25 LSB

Notes: Maximum operating frequency of A/D converter:
1. AVcc =2.710 3.0V, 8 MHz (conversion time: 16.75 us)
2. AVcc =3.0t0 4.5V, 10 MHz (conversion time: 13.4 ps)

Table 20-17 A/D Converter Characteristics: Allowable Signal-Source lmpedance

Item Conditions Min Typ Max Unit
Allowable 8.38 ps < conversion time < 13.4 us — — 5 kQ
§|gnal-source 27V<AVee <45V
impedance

Other conditions — — 10
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20.5 Operational Timing
This section shows timing diagrams of H8/538 and H8/539 operations.
20.5.1 BusTiming
This section gives the following bus timing diagrams:
1. Basic buscycle: two-state access

Figure 20-7 shows the timing of the external two-state access cycle.
2. Basic buscycle: three-state access

Figure 20-8 shows the timing of the external three-state access cycle.
3. Basic buscycle: three-state access with one wait state

Figure 20-9 shows the timing of the external three-state access cycle with one wait state
inserted.
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A
A
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ter ter

tasD1 tasp2  taH
— - - -
AS }
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trDD1 trRoD2 tAH
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RD (read)
tas1 :ﬁ
tacci trRDS tRDH

D15—-Do (read)

Ak
s

fwror  fwrwi twroz tad
i |
HWR, LWR ST\L /
(write) - [AS2 - /|
twpp twpH
|

| |-——
D15—Dg (write) Sk

Figure20-7 Basic Bus Cycle: Two-State Access
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i J J ah
N

RD /
(read)
taccz _
D15—Dg 7 \
(read) 7/
t‘vlzm twrw2
HWR, LWR t J/
(write) AS3 N
twps

D15-Do % \
(write) /

Figure20-8 Basic BusCycle: Three-State Access
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RD
(read)

D15-Do
(read)

HWR, LWR
(write)

D1s-Do
(write)

WAIT

N

L S S L | S S E—
N \

X X
E— —
- -

O
\ -
— -

Figure 20-9 Basic Bus Cycle: Three-State Accesswith One Wait State
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20.5.2 Control Signal Timing

This section gives the following control signal timing diagrams:

1

Reset input timing

Figure 20-10 shows the reset input timing.
Reset output timing

Figure 20-11 shows the reset output timing.

Interrupt input timing

Figure 20-12 shows the input timing for NMI, IRQy, and IRQ; to IRQs.

Bus-release mode timing

Figure 20-13 shows the bus-rel ease mode timing.

: M

tREss

RES

tmMDs

WA WA w

tRESS
||

- RESW

MD,—MDg >J;

Figure20-10 Reset Input Timing

o AN
tRESD tRESD
|~
. :
RESO —
tRESOW
Figure20-11 Reset Output Timing
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tNmIS | INMIH

NMI >J;H : =§<

tirRQ1s| |tirRQ1H

IRQ-IRQ3 XL: X

t
IRQOS

IRQo

Figure20-12 Interrupt Input Timing

° A A
tBRQS tBRQS
— - — - l———
BREQ \L J/
)) )
1
tBACD1 tBACD2
— - - -
)N L
BACK “ . /
1
tszD tszD
— - |-— — |-
- - =
AS, RD, //
HWR, ~
LWR

Figure 20-13 Bus-Release Mode Timing
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20.5.3 Clock Timing
This section gives the following clock timing diagram:
1. Oscillator settling timing

Figure 20-14 shows the oscillator settling timing.

MMV UV VU ——IINy UL

I {0 ¢ {0 {0
Vee _/
) ) )
- ,L (( (( ,L ((
STBY | \—!2—
tosc1 tosc1
)
- \(
RES J’ \ %
) )

Figure20-14 Oscillator Settling Timing
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20.5.4 1/0O Port Timing
This section gives the following H8/539 |/O port input/output timing diagram:
1. 1/O port input/output timing

Figure 20-15 shows the |/O port input/output timing.

[}
Ports1to C
(read)
tpwD

|-
Ports 1to 7
and Ato C
(write)

Figure 20-15 /O Port Input/Output Timing
20.5.5 PWM Timer Timing
This section gives the following H8/539 PWM timer output timing diagram:
1. PWM timer output timing

Figure 20-16 shows the PWM timer output timing.

S/ A N N

TCNT Compare match ><

tPwpD

e
PW1 to
PW3

Figure20-16 PWM Timer Output Timing
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20.5.6 IPU Timing
This section gives the following IPU timing diagrams:
1. 1PU input/output timing

Figure 20-17 shows the |PU input/output timing.
2. IPU external clock input timing

Figure 20-18 shows the IPU external clock input timing.

e 3_/—\_7 1
troco
[~
Output ><
compare*l X
trics
|-
Input
capture*2

Notes: 1. T10C7 to T50C, and T1I0C1 to T7I0C»
2. T1IOC; to T710C>

Figure20-17 IPU Input/Output Timing

’ ARNVA N

trcks

TCLK;-TCLK3 \T ) /!
-~ trckw > ttfckw —————————

Figure20-18 I1PU Clock Input Timing
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20.5.7 SCI Input/Output Timing
This section gives the following SCI timing diagrams:
1. SCl input clock timing
Figure 20-19 shows the SCI input clock timing.
2. SCl input/output timing (clocked synchronous mode)

Figure 20-20 shows the SCI input/output timing in clocked synchronous mode.

tsckw

SCK1, SCK»
SCKg

HtscycH

Note: H8/539 only

Figure20-19 SCK Input Clock Timing

Htscyc —

SCK1, SCKg, /m
SCK3*

tTxD
e B

I S—

(transmit data)

trxs| |tRXH
| |-

R0 X X X X

(receive data)

Note: H8/539 only

Figure20-20 SCI Input/Output Timing
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Appendix A Instruction Set

A.1 Instruction List

Operand Notation

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

Rn General register

(EAd) Destination operand

(EAs) Source operand

CCR Condition code register

N (negative) bit in CCR

Z (zero) bitin CCR

V (overflow) bit in CCR

C C (carry) bit in CCR
CR Control register

PC Program counter
CP Code page register
SP Stack pointer

FP Frame pointer
#IMM Immediate data
disp Displacement

+ Add

- Subtract

X Multiply

= Divide

ad Logical AND

ad Logical OR

ad Exclusive logical OR
- Move

o Exchange

- Logical NOT
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Condition Code Notation

Changed according to execution result

0 Cleared to O

— Previous value remains unchanged

VAN Varies depending on conditions
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_ Size CCR Bits
Mnemonic Operation
B/W z \%
MOV:G (EAS) - Rd B/W t 0
Rs - (EAd)
#IMM - (EAd)
MOV:E #IMM - Rd (short format) B 0 0
«» | MOV: F @(d:8,FP) ~ Rd B/W t |0
_§ Rs — @(d:8,FP) (short format)
2 | MoVl #IMM - Rd (short format) | W t | o
= MOV:L (@aa:8) - Rd (short format) | B/W 0
“2 MOV:S Rs - (@aa:8) (short format) | B/W 1 0
£ Lom @SP+ - Rn (register list) W — | —
©
g STM Rn (register list) — @—-SP W — | —
XCH Rs - Rd w — | =
SWAP Rd (upper byte) - Rd (lower byte) B 0 0
(MOVTPE) | Not available in H8/538 and H8/539
(MOVFPE) | Not available in H8/538 and H8/539
ADD:G Rd+ (EAs) - Rd B/W 0 0
ADD:Q (EAd) +#IMM - (EAd) B/W ! !
(#IMM = 1, £2) (short format)
ADDS Rd+ (EAs) - Rd B/W — | —
(Rd is always word size)
«» | ADDX Rd+ (EAs) +C - Rd B/W ! !
c
% DADD (Rd) 10+ (Rs) 10+C - (Rd) 10 B T | =
g SUB Rd- (EAs) - Rd B/W : t
S|/ suBs | Rd-(EAs) - Rd B/W — | =
2| SuBXx Rd- (EAs)-C - Rd B/W 0 $
<
-‘<:; DSUB (Rd) 10— (Rs) 10-C - (Rd) 10 B ! —
MULXU Rd x (EAs) - Rd 8x8 | BW : 0
(unsigned) 16 x 16
DIVXU Rd + (EAs) - Rd 16+ 8 B/W ? ?
(unsigned) 32 +16
CMP:G Rd — (EAs), set CCR flags B/W ! !
(EAd) — #IMM, set CCR flags
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. Size CCR Bits
Mnemonic Operation B 5 v c
CMP:E Rd — #IMM, set CCR flags (short format) B 0 0 0
® CMP:I Rd — #IMM, set CCR flags (short format) 0 1 0
% EXTS (<Bit 7> of <Rd>) - (<bits 15 to 8> of <Rd>) B t 0] o0
2 EXTU 0 _ (<bits 15 to 8> of <Rd>) t 0| o0
[
‘o| TST (EAd) - 0, set CCR flags B/W 0 0 0
2| NEG 0- (EAd) — (EAd) B/W t 0| 1
<
Z|CLR 0 - (EAd) B/W 11010
TAS (EAd) — 0, set CCR flags B 0 0 0
(1) 2 - (<bit 7> of <Ead>)
SHAL MSB LSB B/W N
c=— l~—0
SHAR MSB LSB B/W ¢ 0 ?
- B
SHLL MSB LSB B/W ! 0 !
0
.5 SHLR MSB LSB B/W ! 0 ?
o] |—-c
g
= ROTL MSB LSB B/W 0 0 0
7 =11 ]
ROTR MSB LSB B/W ! 0 !
’—>| H—» c
ROTXL MSB LSB B/W 0 0 0
B |
ROTXR MSB LSB B/W ? 0 1
r| -~ ©7
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_ Size CCR Bits
Mnemonic Operation
B/W Z |V
2| AND Rd O (EAs) - Rd B/W t 0
S/ oRrR Rd O(EAs) - Rd B/W t 1o
£/ xor Rd O (EAs) - Rd BIW 1|0
2| NOT -(EAd) - (EAd) B/W t | o
£ | BSET -(<Bit No.> of <EAd>) - Z B/W v —
§ 1 - (<Bit No.> of <EAd>)
2| BCLR ~(<Bit No.> of <EAd>) — Z B/W v | —
kS 0 - (<Bit No.> of <EAd>)
&
3| BTST -(<Bit No.> of <EAd>) - Z B/W t | —
& | BNOT ~(<Bit No.> of <EAd>) — Z B/W r | —
= - (<Bit No.> of <EAd>)
Bcc If condition is true then — —_ | —

Branch instructions

PC + disp - PC
else next;
Mnemonic Description Condition
BRA (BT) Always (true) True
BRN (BF) Never (false) False
BHI High cdz=0
BLS Low or same cbhz=1
Bcc (BHS) Carry clear C=0
(high or same)
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=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 ZONNOV)=0
BLE Less or equal ZONOV)=1
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. Size CCR Bits
Mnemonic Operation
B/W V4 \%
JMP Effective address — PC — — | —
PIJMP Effective address — CP, PC — — | —
BSR PC - @-SP — — | —
PC +disp - PC
JSR PC - @-SP — — | —
Effective address — PC
PJSR PC - @-SP — — | —
CP_- @-SP
Effective address - CP, PC
® RTS @SP + - PC — — | —
2| PRTS @SP + . CP — — | —
= @SP + - PC
2]
£ | RTD @SP + - PC — — | —
S SP + #IMM - SP
1 PrRTD @SP + _ CP — —| -
@SP + - PC
SP + #IMM - SP
SCB If condition is true then next; — — | —
SCB/F elseRn-1 - Rn;
SCB/NE | If Rn = -1 then next
SCB/EQ else PC + disp —» PC;
Mnemonic Description Condition
SCB/F False
SCB/NE Not equal Z=0
SCB/EQ Equal zZ=1
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. Size CCR Bits
Mnemonic Operation
B/W | N Z \Y, C
TRAPA PC - @-SP — — | = | — | =
(If Max. mode then CP - @-SP)
SR - @-SP
(If Max. mode then <vector> - CP)
<Vector> - PC
TRAP/VS | If V bit = 1 then TRAP — —_— | — | — | —
* else next;
c
S | RTE @SP + - SR — t t ; ;
3 (If Max. mode @SP + - CP)
‘g @SP + - PC
S | LINK FP (R6) -~ @ — SP — | == =] =
g SP - FP (R6)
LE> SP + #IMM - SP
% UNLK FP (R6) - SP - — | | — | —
by @SP + - FP
SLEEP Normal operating mode — power-down state — — | — | — | —
LDC (EAs) - CR BW* | AN | AN | AN | A
STC CR - (EAd) BW | — | — | — | —
ANDC CR O#IMM - CR BW* | AN | AN | AN | A
ORC CR O#IMM - CR BW* | AN | AN | AN | A
XORC CR O#IMM - CR BW* | AN | AN | AN | A
NOP PC+1 - PC e e e e

Note: * Depends on the control register.
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A.2 Machine-Language I nstruction Codes
Tables A-1 (a) to (d) indicate the machine-language code for each instruction.

How to Read Tables A-1 (a) to (d): The general format consists of an effective address (EA)
field followed by an operation code (OP) field.

Effective adress field Operation code field

| v+ | 2 [ 3 | 4 | 5 | s

Bytes 2, 3, 5, and 6 are not present in all instructions.

B
o =
™ a é
= = 5 o
© i) il ]
i T < [a]
7 =
. i} g2 =z
Effectve ——»| » Z =)
R 2 a8 £
address (EA) 2 I I R
! 3 g & 88| 8| ©
field < 5|5 <|<|a|a
[
> .
Z clel el el =l =l 8l8lalo Operation code
2 NI RIS SIS SIN[INISIS field
5 Dol o|a|a|lalalw|ls|d (OP) fie
o I o — - o o — o o
— o — — Pl o o o o o
o — — — o — o o o o
— — — — — — o o o o i
£ g gl &
5= ] ®| 9 © Operation Code (OP) Field
E > £ : ; £ D+:: 212 w8 peration Code (OP) Fie
Instruction | £ FARAR Slel x| 4 5 6
¥ © ® 8 ® 0 Q| ® £ &
MOV:G.B <EAs>,Rd 212|3|4(2]2|3|4]|3 10000rdrdrd
MOV:G.W <EAs>,Rd 212|3|4(2]2|3|4 4 |10000rdrdrd
% MOV:G.B Rs,<EAd> 213|412 |2|3|4 10010rsrsrs
=
g MOV:G.W Rs,<EAd> 2134|122 |3]|4 10010rsrsrs
©
g MOV:G.B #xx:8,<EAd> 3|14|5(3|3|4]|5 00000110 Data
MOV:G.W #xx:16,<EAd> 4(5|6|4|4|5]|6 00000111 Data (high)  |Data (low)
LDM.W @SP+, <register list> 2 00000010 Register list

T D Shading indicates addressing
Byte length of instruction modes that cannot be specified

in the instruction.

In special-format instructions the operation code field precedes the effective address field.
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The following notation is used in the tables:
e Sz: operand size designation (byte or word)

Sz =0: bytesize
Sz =1: word size

e rrr: genera register number

rrr Sz =0 (byte) Sz = 1 (word)

15 8 7 0 15 0
000 [ Notused | RO | | RO |
001 | Notused [ Ri1 | | R1 |
010 | Notused | R2 | | R2 |
011 | Notused | R3 | | R3 |
100 | Notused | R4 | | R4 |
101 [ Notused | R5 | | R5 |
110 | Notused | R6 | | R6 |
111 | Notused | R7 | | R7 |

e ccc: control register number

ccc Sz =0 (byte) Sz =1 (word)

000 (disallowed*) 15 0
SR |

15 8 7 0

001 | Not used | CCR | (disallowed*)

010 (disallowed*) (disallowed*)

011 [ Notused | BR | (disallowed*)

100 [ Notused | EP | (disallowed*)

101 | Not used | DP | (disallowed*)

110 (disallowed*) (disallowed*)

111 | Not used | TP | (disallowed*)

Note: * Do not use combinations marked as disallowed, since they may cause incorrect operation.
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e d: direction of transfer

d=0:load
d=1: store

« Register list: abyte in which bitsindicate genera registers as follows.

Bit

e #VEC: four bits specifying a vector number from 0 to 15. These vector numbers designate
vector addresses as follows:

#VEC

Vector Address

Minimum Mode

Maximum Mode

T m U O W > © © ~N o 00 »h W N P O

H'0020-H'0021
H'0022-H'0023
H'0024-H'0025
H'0026—-H'0027
H'0028-H'0029
H'002A-H'002B
H'002C-H'002D
H'002E—-H'002F
H'0030-H'0031
H'0032-H'0033
H'0034-H'0035
H'0036—-H'0037
H'0038-H'0039
H'003A-H'003B
H'003C-H'003D
H'003E—H'003F

H'0040-H'0043
H'0044-H'0047
H'0048-H'004B
H'004C-H'004F
H'0050-H'0053
H'0054-H'0057
H'0058-H'005B
H'005C-H'005F
H'0060—-H'0063
H'0064—-H'0067
H'0068-H'006B
H'006C—-H'006F
H'0070-H'0073
H'0074-H'0077
H'0078-H'007B
H'007C-H'007F
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Examples of M achine-L anguage I nstruction Codes
Examplel: ADD:G.B @RO0, R1

EA Field OP Field Remarks

Table A-1 1101Szrrr 00100rdrdrd ADD:G.B @Rs, Rd instruction code

Instruction code 11010000 00100001 Sz =0 (byte)
H'DO21 Rs = RO, Rd =R1

Example2: ADD:G.W @H'11:8, R1

EA Field OP Field Remarks
Table A-1 0000Sz101 00010001 00100rdrdrd ADD:G.W @aa:8, Rd instruction
code

Instruction code 00001101 00010001 00100001 Sz =1 (word)
HOD1121 aa=H'11, Rd=R1
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Table A-1 (a) Machine-Language I nstruction Codes [General Format] (1)

B
2 _
) @ E
- 2 5 g
] o S 5]
i T < [a]
< =
L gl =
= I SR
T RZR ] T| T &S| @
< S| T | <] O]
[
2 (= =]
3] E|E|E|E|lEIE|S]S]8]8
2 NIN|N|N|N|NIN| NIl S|3
Gl ool ala| o
o - o — — o o — o o
— o — — I o o o o o
o — — — o — o o o o
- -~ - - - - o o o o
83 g &
© = - | © © . .
2 > = 2 ; ElE 9";. '.-‘m. ® :9! Operation Code (OP) Field
Instruction AFAR ARt - A -
¥ © ® 8 ® 0 Q| ® £ & 4 5 6
MOV:G.B <EAs>,Rd 212|3(4(2]2|3|4]3 10000rdrdrd
MOV:G.W <EAs>,Rd 212 |3|4|2|2|3]|4 4 110000rdrdrd
MOV:G.B Rs,<EAd> 2131412 2|3]|4 10010rsrsrs
MOV:G.W Rs,<EAd> 213|412 |2|3]|4 10010rsrsrs
MOV:G.B #xx:8,<EAd> 3|4(5(3|3|4]|5 00000110 Data
5 MOV:G.W #xx:8,<EAd> 3|4(5(3|3|4]|5 00000110 Data
% MOV:G.W #xx:16,<EAd> 4|5|6|4|4|5]|6 00000111 Data (high) |Data (low)
E LDM.W @SP+, <register list> 2 00000010 Register list
IS
0| sTM.W <register list>, @—-SP 2 00010010 Register list
XCH.W Rs,Rd 2 10010rdrdrd
SWAP.B Rd 2 00010000
(MOVTPE.B Rs,<EAd>)"1 3/4|5|3|3|4]|5 00000000 10010rsrsrs
(MOVFPE.B <EAs>,Rd)"! 3/4|5|3|3|4]|5 00000000 10000rdrdrd
ADD:G.B <EAs>,Rd 212|3(4(2]2|3|4]|3 00100radrdrd
ADD:G.W <EAs>,Rd 212|342 ]2|3|4 4 |00100rdrdrd
ADD:Q.B #1,<EAd>"2 212|342 ]2|3|4 00001000
2 |ADD:Q.W #1,<EAd>"2 212|342 ]2|3|4 00001000
2
© |ADD:Q.B #2,<EAd>"2 212|342 ]2|3|4 00001001
Q
S | ADD:Q.W #2,<EAd>"2 212|342 ]2|3|4 00001001
L
‘g ADD:Q.B #-1,<EAd>"2 212|342 ]2|3|4 00001100
é ADD:Q.W #-1,<EAd>"2 212|342 ]2|3|4 00001100
<
ADD:Q.B #-2,<EAd>"2 212|342 ]2|3|4 00001101
ADD:Q.W #-2,<EAd>"2 212|342 ]2|3|4 00001101
ADDS.B <EAs>,Rd 2123|4122 |3|4,3 00101 rdrdrd
ADDS.W <EAs>,Rd 2123|4122 |3]4 4 |00101rdrdrd
ADDX.B <EAs>,Rd 212|342 2|3|4]|3 10100rdrdrd
ADDX.W <Eas>,Rd 212|342 ]2|3|4 4 |10100rdrdrd

Notes: 1. Not available in the H8/538 and H8/539.

2. Short format.
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Table A-1(a) Machine-Language Instruction Codes[General Format] (cont) (2)

B
o _
™ 2 ‘_%
- 2 5 o
T 2 =l <]
iT T < [a]
< =
< gl | =
5 T [ R
o [=% o o - —
k] K2 ) T| T 55} ©
< S| © | <] 0| A
(2]
= o | o
i3] El E|lE|lE|lElEIQ|S] Q]S
@ S|l E|ElE|lE|E|d| A O S
— N N N N N N N N — —
Gl olalo|lola|la|n|l oo
o - o - - o o — o o
- o — — - o o o o o
o — — — o - o o o o
— - - - — — o o o o
8§ 2| &
o = - | © © . X
b > s g ; £ ;:: 9; 'Hai ® g Operation Code (OP) Field
Instruction @] € S5l S I 4 5 6
x ® ® B B Q| Q| 8 £ &
DADD.B Rs,Rd 3 00000000 10100rdrdrd
SUB.B <EAs>,Rd 212|342 |2]3|4]|3 00110rdrdrd
SUB.W <EAs>,Rd 2123|422 |3|4 4 100110rdrdrd
SUBS.B <EAs>,Rd 212|342 |2]3|4]|3 00111rdrdrd
SUBS.W <EAs>,Rd 212|342 |2|3]|4 4 |00111rdrdrd
SUBX.B <EAs>,Rd 212|342 |2]3|4]3 10110rdrdrd
SUBX.W <EAs>,Rd 212|342 |2|3]|4 4 |10110rdrdrd
DSUB.B Rs,Rd 3 00000000 10110rdrdrd
MULXU.B <EAs>,Rd 212|342 |2]3|4]|3 10101rdrdrd
MULXU.W <EAs>,Rd 212|342 |2|3]|4 4 |10101rdrdrd
g DIVXU.B <EAs>,Rd 212|3|4|2|2]3|4]|3 10111rdrdrd
g DIVXU.W <EAs>,Rd 212|342 |2|3]|4 4 110111rdrdrd
Q.
8 CMP:G.B <EAs>,Rd 212|342 |2]3|4]|3 01110rdrdrd
g CMP:G.W <EAs>,Rd 212|342 |2|3]|4 4 101110rdrdrd
<
"E CMP:G,B #xx,<EAd> 3/4/5,3,3|4/|5 00000100 Data
CMP:G.W #xx,<EAd> 4|/5|6|4|4|5|6 00000101 Data (high) Data (low)
EXTS.B Rd 2 00010001
EXTU.B Rd 2 00010010
TST.B <EAd> 212|342 |2|3]|4 00010110
TST.W <EAd> 212|342 |2|3]|4 00010110
NEG.B <EAd> 212|342 |2 /3|4 00010100
NEG.W <EAd> 212|342 |2|3]|4 00010100
CLR.B <EAd> 212|342 |2|3|4 00010011
CLR.W <EAd> 212|342 |2|3]|4 00010011
TAS.B <EAd> 2123|422 |3|4 00010111
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Table A-1 (a) Machine-Language I nstruction Codes [General Format] (3)

B
o _
™ @ E
2 =
o a S 8
K] £ ° <
i k=] < [a]
< =
e gl =
= I SR
° ol o S| | 8| 8
o 0|l »u T| T © ©
< S| T | <] 0|
[}
= | -
3] sl el ElElE|EIS]S]8|8
o tl £l E| E|E|lE|ld|ld|l oo
Elalalaldldlalalalal3ld
w O|ld|O|d|d| 0| S| 4| S| o
— o — — - o o o o o
S|a|]3/d|S/3|8/8|8]8
83 2| &
c = - o © . .
2o - _qg ; gt 2 ‘Ha:i @ g Operation Code (OP) Field
Instruction el dlE| S8 2|
¥ ® B B Q0 0 0 & K| & 4 5 6
SHAL.B <EAd> 212|342 |2|3]|4 00011000
SHAL.W <EAd> 212|342 |2|3]|4 00011000
SHAR.B <EAd> 212|342 |2|3]|4 00011001
SHAR.W <EAd> 212|342 |2|3]|4 00011001
SHLL.B <EAd> 212|342 |2|3]|4 00011010
SHLL.W <EAd> 212|342 |2|3]|4 00011010
SHLR.B <EAd> 212|342 |2|3]|4 00011011
% SHLR.W <EAd> 212|342 |2|3]|4 00011011
%)
ROTL.B <EAd> 2123|422 |3]|4 00011100
ROTL.W <EAd> 212|342 2|3|4 00011100
ROTR.B <EAd> 2|12 |3|4]2|2|3]|4 00011101
ROTR.W <EAd> 212|342 |2|3]|4 00011101
ROTXL.B <EAd> 212|342 |2|3]|4 00011110
ROTXL.W <EAd> 2|12 |3|4]2|2|3]|4 00011110
ROTXR.B <EAd> 212|342 |2|3]|4 00011111
ROTXR.W <EAd> 212|342 |2|3]|4 00011111
AND.B <EAs>,Rd 2|12 |3|4|12]2]3]|4]3 01010rdrdrd
AND.W <EAs>,Rd 2123|412 |2|3]|4 4 101010rdrdrd
g OR.B <EAs>,Rd 2|12 |3|4|12]2]3]4]3 01000rdrdrd
g OR.W <EAs>,Rd 2|12 |3|4]2|2|3]|4 4 |01000rdrdrd
o
8 XOR.B <EAs>,Rd 2|12 |13|412|2|3|4]|3 01100rdrdrd
=)
S | XOR.W <EAs>,Rd 2|12 |3|4]2|2|3]|4 4 |01100rdrdrd
NOT.B <EAd> 2123|422 |3]|4 00010101
NOT.W <EAd> 212|342 |2|3|4 00010101
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Table A-1(a) Machine-Language Instruction Codes[General Format] (4)

B
o _
™ @ _%
4 =
) a 5 o
9] i) o @
iT T < [a)
< =
u 2 |z
g~ 318 |€
2 T [ I N R
=] o o T| T = =
° K2 ) o|g| 8| ®©
< S| © | <] 0] A
()
= o o
i3] |l E|lE|lE|lEIQ|S] Q]2
O = = = = = = — — o o
y— N N N N N N N N - —
Hlolalala|lolvlal a|lan|g| o
o - o - — o o - o o
- o — — I o o o o o
o — — — o - o o o o
— — — — — — o o o o
83 g &
= - | © © . .
b > c g ; Elt C_g 'Hﬂi ® g Operation Code (OP) Field
Instruction GlelElsISlalEl SIS 5|3
r ® ® 0 0 0 8 8 £ & 4 5 6
BSET.B #xx,<EAd> 212|342 ]2|3]|4 1100 data
BSET.W #xx,<EAd> 212(3|4]2]2|3]4 1100 data
BSET.B Rs,<EAd> 21234 2]2|3]4 01001rs rsrs
BSET.W Rs,<EAd> 212(3]4]2]2|3]4 01001rsrsrs
BCLR.B #xx,<EAd> 212(3|4(2]2|3|4 1101 data
BCLR.W #xx,<EAd> 2123|412 ]2|3|4 1101 data
g BCLR.B Rs,<EAd> 2123 |4]2]2|3]4 01011rsrsrs
% BCLR.W Rs,<EAd> 2|2|3|al2|2|3]|a4 01011rsfsrs
? BTST.B #xx,<EAd> 212342 ]2|3]4 1111 data
@ BTST.W #xx,<EAd> 212342 ]2]3]|4 1111 data
BTST.B Rs,<EAd> 2123 |4]2]2|3]|4 01111rsrsrs
BTST.W Rs,<EAd> 212|134 |12|2|3)|4 01111rsrsrs
BNOT.B #xx,<EAd> 2123 |4]2]2|3]|4 1110 data
BNOT.W #xx,<EAd> 2123 |4]2]2|3]|4 1110 data
BNOT.B Rs,<EAd> 212|342 ]2|3]|4 01101rsrsrs
BNOT.W Rs,<EAd> 21234 2]2|3]4 01101rsrsrs
LDC.B <EAs>,CR 2123|412 ]2|3|4|3 10001ccc
LDC.W <EAs>,CR 212(3|4(2]2|3|4 4 110001ccc
STC.B CR,<EAd> 2123|412 ]2|3|4 10011ccc
E STC.W CR,<EAd> 2|1 2(3|4]2]2|3]4 10011ccc
c
8 | ANDC.B #xx:8, CR 3 01011ccc
£
% ANDC.W #xx:16, CR 4 101011ccc
>
? | ORC.B #xx:8, CR 3 01001ccc
ORC.W #xx16, CR 4 101001ccc
XORC.B #xx:8, CR 3 01101ccc
XORC.W #xx:16, CR 4 101101ccc
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Table A-1 (b) Machine-Language Instruction Codes [Special Format: Short For mat]

Machine-Language Code

Byte
Instruction Length 1 2 3 4
MOV:E.B #xx8, Rd 2 01010rdrdrd Data
MOV:IL.W #xx16, Rd 3 01011rdrdrd Data (high) Data (low)
MOV.L.B @aa:8, Rd 2 01100rdrdrd Address (low)
MOV:L.W @aa:8, Rd 2 01102rdrdrd Address (low)
MOV:S.B Rs, @aa:8 2 01110rsrsrs Address (low)
MOV:S.W Rs, @aa:8 2 01111rsrsrs Address (low)
MOV:F.B @(d:8,R6), Rd 2 10000rdrdrd disp
MOV:EW @(d:8,R6), Rd 2 10001rdrdrd disp
MOV:FEB Rs, @(d:8, R6) 2 10010rsrsrs disp
MOV:EW Rs, @(d:8, R6) 2 10011rsrsrs disp
CMP:E #xx8, Rd 2 01000rdrdrd Data
CMP:| #xx16, Rd 3 01001 rdrdrd Data (high) Data (low)
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Table A-1(c) Machine-Language Instruction Codes
[Special Format: Branch Instructions] (1)

Machine-Language Code

Byte

Instruction Length 1 2 3

Bcc d:8 BRA (BT) 2 00100000  disp
BRN (BF) 00100001  disp
BHI 00100010  disp
BLS 00100011  disp
BCC (BHS) 00100100  disp
BCS (BLO) 00100101  disp
BNE 00100110  disp
BEQ 00100111 disp
BVC 00101000  disp
BVS 00101001  disp
BPL 00101010 disp
BMI 00101011 disp
BGE 00101100  disp
BLT 00101101 disp
BGT 00101110  disp
BLE 00101111 disp

Bcc d:16 BRA (BT) 3 00110000  disp H disp L
BRN (BF) 00110001 dispH disp L
BHI 00110010  disp H disp L
BLS 00110011 disp H disp L
BCC (BHS) 00110100 dispH disp L
BCS (BLO) 00110101  dispH disp L
BNE 00110110 disp H disp L
BEQ 00110111 dispH disp L
BVC 00111000 dispH disp L
BVS 00111001 disp H disp L
BPL 00111010 dispH disp L
BMI 00111011  disp H disp L
BGE 00111100 disp H disp L
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Table A-1(c) Machine-Language Instruction Codes
[Special Format: Branch Instructions] (2)

Machine-Language Code

Byte

Instruction Length 1 2 3 4
Bcc d:16 BLT 3 00111101 dispH disp L

BGT 00111110 disp H disp L

BLE 00111111  disp H disp L
JMP @Rn 2 00010001 11010rrr
JMP @aa:16 3 00010000  Address (high) Address (low)
JMP @(d:8, Rn) 3 00010001 11100rrr disp
JMP @(d:16, Rn) 4 00010001 11110rrr disp H disp L
BSR d:8 2 00001110 disp
BSR d:16 3 00011110 dispH disp L
JSR @Rn 2 00010001 11011rrr
JSR @aa:16 3 00011000  Address (high) Address (low)
JSR @(d:8, Rn) 3 00010001 11101rrr disp
JSR @(d:16, Rn) 4 00010001 11111rrr disp H disp L
RTS 1 00011001
RTD #xx:8 2 00010100 Data
RTD #xx:16 3 00011100 Data (high) Data (low)
SCB/cc Rn,disp SCB/F 3 00000001 10111rrr disp

SCB/NE 00000110 10111rrr disp
SCB/EQ 00000111  10111rrr disp

PIMP @aa:24 4 00010011 Page Address (high) Address (low)
PIMP @Rn 2 00010001 11000rrr
PJSR @aa:24 4 00000011 Page Address (high) Address (low)
PJSR @Rn 2 00010001 110021rrr
PRTS 2 00010001 00011001
PRTD #xx:8 3 00010001 00010100 Data
PRTD #xx:16 4 00010001 00011100 Data (high) Data (low)
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Table A-1(d) Machine-Language Instruction Codes
[Special Format: System Control Instructions]

Instruction Byte Machine-Language Code
Length 1 2 3

TRAPA #xx 2 00001000 0001 #VEC

TRAP/VS 1 00001001

PTE 1 00001010

LINK FP#xx:8 2 00010111 Data

LINK FP#xx:16 3 00011111 Data (high) Data (low)

UNLK FP 1 00001111

SLEEP 1 00011010

NOP 1 00000000
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A.4 Number of States Required for Execution

Tables A-7 (1) to (6) indicate the number of states required to execute each instruction in each
addressing mode. These tables are read as explained below. Thevaluesof 1, J, and K are used to
calculate the number of execution states when the instruction is fetched from an external address
or an operand is written or read at an external address. Formulas for calculating the number of
states are given on the next page.

How to Read Table A-7

J + K is the number of instruction fetches Addressing Mode
| is the total number of bytes ~| =
. c |
written or read when the operand x| g ©
is in memory c| P2 EIEIR T ol
c| 2|88 T || o] X%
x ® 0 ® Q| 0 8 0 &£ &
Instruction I g 1/1/2(3/1|1/2/3|2]|3
ADD.B 1 1/2|5|5|/6|5|6|5|6|3
ADD.W 2 1/2|5|5|/6|5|6|5]|6 4
ADD:Q.B 2 1,2|7|7|8|7|8,7]8
ADD:Q.W 4 1,27 |7|8|7|8|7]8
DADD 2|4
Shading in the | column indicates that Shading in these columns
the instruction cannot have a memory indicates addressing modes
operand. that cannot be specified for

the instruction.
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Calculation of Number of States Required for Execution (H8/538 and H8/539): One state is
one cycle of the system clock (). When g =10 MHz, one state is 100 ns.

Instruction Fetch

Operand Read/Write

Formula

16-bit-bus,
2-state-access area

16-bit-bus, 2-state-access
area or general register

(value in table A-7) + (value in table A-8)

16-bit-bus, 3-state-access
area

Byte (value in table A-7) + (value in
table A-8) + |

Word  (value in table A-7) + (value in
table A-8) +1/2

8-bit-bus, 2-state-access
area or on-chip supporting
module

Byte (value in table A-7) + (value in
table A-8) + |

Word  (value in table A-7) + (value in
table A-8) + 2I

16-bit-bus,
3-state-access area

16-bit-bus, 2-state-access
area or general register

(value in table A-7) + (value in table A-8) +
J+K)2

16-bit-bus, 3-state-access
area

Byte (value in table A-7) + (value in
table A-8) + | + (J + K)/2

Word  (value in table A-7) + (value in
table A-8) + (I + J + K)/2

8-bit-bus, 2-state-access
area or on-chip supporting
module

Byte (value in table A-7) + (value in
table A-8) + | + (J + K)/2

Word  (value in table A-7) + (value in
table A-8) + 21 + (J + K)/2

8-bit-bus,
3-state-access area

16-bit-bus, 2-state-access
area or general register

(value in table A-7) + 2 + (J + K)

16-bit-bus, 3-state-access
area

Byte (value in table A-7) + | + 2 (J + K)

Word  (value in table A-7) +1/2 +2 (J + K)

8-bit-bus, 2-state-access
area or on-chip supporting
module

Byte (value in table A-7) + 1 + 2 (J + K)

Word  (value in table A-7) + 2 (1 + J + K)

Notes: 1. When an instruction is fetched from the 16-bit-bus access area, the number of states
differs by 1 or 2 depending on whether the instruction is stored at an even or odd
address. This point should be noted in software timing routines and other situations in
which the precise number of states must be known.

2. If wait states or Tp states are inserted in access to the 3-state-access area, add the
necessary number of states.

3. When an instruction is fetched from the 16-bit-bus 3-state-access area, fractions in the
term (J + K)/2 should be rounded up.
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Examples of Calculation of Number of States Required for Execution

Example 1: Instruction fetched from 16-bit-bus, 2-state-access area

Assembler Notation

Formula
(Value in Table

Operand Start A-7) + (Valuein  Execution
Read/Write  Address Address Code Mnemonic Table A-8) States
16-bit-bus, Even H'0100 D821 ADD @RO,R1 5+1 6
2-state- odd H0101 D821 ADD @RORL 5+0 5
access area
or general
register
Example 2: Instruction fetched from 16-bit-bus, 2-state-access area
Formula
. (Value in Table
Operand Start Assembler Notation A-7) + (Valuein  Execution
Read/Write  Address Address Code Mnemonic Table A-8) + 2I States
On-chip Even H'FCO00 11D8 JSR @RO 9+0+2x2 13
supporting 5 HFCO1  11D8  JSR @RO 9+1+2x2 14
module or
8-bit-bus,
3-state-
access area
(word)
Example 3: Instruction fetched from 8-bit-bus, 3-state-access area
] Formula
Operand Assembler Notation (Value in Table  Execution
Read/Write Address Code Mnemonic A-7)+2 (I +K) States
16-bit-bus, H'9002 D821 ADD @RO,R1 5+2x(1+1) 9
2-state-
access area
or general
register
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Example 4: Instruction fetched from 16-bit-bus, 2-state-access area

Assembler Notation

Formula
(Value in Table
A-7) + (Value in

Operand Start Table A-8) + Execution
Read/Write Address Address Code Mnemonic J +K)/2 States
16-bit-bus, Even H'0100 D821 ADD @RO,R1 5+ 1+ (1+1)2 7

2-state- 0dd H0101 D821 ADD@RORL 5+0+(1+1)2 6

access area

or general

register
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Table A-7 Number of States Required for Instruction Execution (1)

Addressing Mode

Instruction

P

w | #xx:16

ADD:G.B <EAs>,Rd

w | N[ #xX:8

ADD:G.W <EAs>,Rd

N

ADD:Q.B #xx,<EAd>

ADD:Q.W #xx,<EAd>

ADDS.B <EAs>,Rd

ADDS.W <EAs>,Rd

ADDX.B <EAs>,Rd

ADDX.W <EAs>,Rd

AND.B <EAs>,Rd

AND.W <EAs>,Rd

N (R[NP IN PR NIN|RP|—

NINININ|W WINININ|NIF]IRN

U'IU'IU'IU'IU'IU'I\I\IUWU'IH@R[]

gla|ala|ala|~N|~|o|o| N | @(d:8,Rn)
olo|oo|o|lo|m o oo w|l@(dl6,Rn)
galolalalala|N|~N|o|olk|@-Rn
olo|lo|o|o|o|w|o|o|o|+|@RnN+
gjlalalalga|alN|(N|ola|N|@aa8

olo|o|lo|lo|o|wm o o|o|w|@aa:lb

ANDC #xx,CR

BCLR.B #xx,<EAd>

BCLR.W #xx,<EAd>

BNOT.B #xx,<EAd>

BNOT.W #xx,<EAd>

BSET.B #xx,<EAd>

BSET.W #xx,<EAd>

BTST.B #xx,<EAd>

BTST.W #xx,<EAd>

CLR.B <EAd>

CLR.W <EAd>

CMP:G.B <EAs>,Rd

CMP:G.W <EAs>,Rd

NINDNINDNIDNW W | AP D

CMP:G.B #xx:8,<EA>

RINRINRINR[R N[NNI

I e e e e N N e N R N R R R R R R

CMP:G.B #xx:16,<EA>

N

w

N/ojgjonjor|orOoO01 NN (NN (NN

Njojojonjon|o10 01NN (NN (NN
DO IN[OD|O|O|OO || |00 |00|00|00|00 |0
~Njojgjonjon|o1O0|01 NN (NN (NN
VO IN[OD|O|O|OO|OO|O»|00|00|00|00|00 |0
N/oggooao|o|o|N NN NN N

O IN[OD|O|O OO || |00 | 00|00 |00|00 |0

Note: * Rs can also be specified for the source operand.
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Table A-7 Number of States Required for Instruction Execution (2)

Addressing Mode

Rn

Instruction

X

| @Rn

N | @(d:8,Rn)
w | @(d:16,Rn)
~ | @-Rn

| @Rn+
N [ @aa:8

w | @aa:l6

w | #xX:16

CMP:E #xx:8,Rd

N | N | #xX:8

CMP:| #xx:16,Rd

w

DADD Rs,Rd

DIVXU.B <EAs>,Rd

23

231241232423

24

21

DIVXU.W <EAs>,Rd

29

29130293029

30

28

DSUB Rs,Rd

EXTS Rd

EXTU Rd

LDC.B <EAs>,CR

LDC.W <EAs>,CR

MOV:G.B

MOV:G.W

MOV:G.B #xx:8,<EAd>

MOV:G.W #xx:16,<EAd>

N FRLINEFEIN|FP

0 |IN|loh|o | N O

N0 N O
OO | |00 |
O |IN|jO|jol N O
Ol | |00 |
O |IN|jO|jOol N O

OO o |0 |~

MOV:E #xx:8,Rd

MOV:I #xx:16,Rd

MOV:L.B @aa:8,Rd

MOV:L.W @aa:8,Rd

MOV:S.B Rs,@aa:8

MOV:S.W Rs,@aa:8

gjon|or| ol

MOV:F.B @(d:8,R6),Rd

MOV:F.W @(d:8,R6),Rd

MOV:F.B Rs,@(d:8,R6)

MOV:FW Rs,@(d:8,R6)

NIFEINEFELINPEFPINEF

O|0O/0O|0O|O|O|0O|O|O|IO|W|IN|FP|IFPIPIFPIFPIFPINPFPPFPINDNONO

gajojo|o
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Table A-7 Number of States Required for Instruction Execution (3)

Addressing Mode

Rn

Instruction

N | #xx:8

w [#xx:16

(MOVFPE <EAs>,Rd)*

N-t |+ |@-Rn
N-5Inv | @aa8

(MOVTPE Rs,<EA>)*

-6|8-& ™| @@d:8,Rn)

20

MULXU.B <EAs>,Rd

18

MULXU.W <EAs>,Rd

25

NEG.B <EAd>

NEG.W <EAd>

NOT.B <EAd>

NOT.W <EAd>

OR.B <EAs>,Rd

OR.W <EAs>,Rd

NIRLRIBINBEININ|PEP

NN RN e .
o o |mw o ® 5 S| RN RR|®|@d16,Rn)
R
S
N NN RN e
olo|o|olo|o/RININTINEI~|@Rn+
R
S

N[N PN e .
o|o|o oo o FINR-RIR-R|w|@aa:16

ORC #xx,CR

ROTL.B <EAd>

ROTL.W <EAd>

ROTR.B <EAd>

ROTR.W <EAd>

ROTXL.B <EAd>

ROTXL.W <EAd>

ROTXR.B <EAd>

ROTXR.W <EAd>

SHAL.B <EAd>

SHAL.W <EAd>

SHAR.B <EAd>

SHAR.W <EAd>

SHILL.B <EAd>

SHLL.W <EAd>

AINIANIDINIANIDINIADNIDIDN

RPlRrlRrIRIRPRIRPRPRPIRPIRPIRPIRPIRPIRPIRPRIRPIRLRIRIRPRIRPR|IRP|(RP|R

NINININDININDININININDIDIDIDIN

N (N (NN NN NN NN NN NN

N (NN NN NN NN N NN NN
0 |00 |00 | 00| co|co|co|oo|oo|0o|0|oo|o|
N NN NN N NN NN NN NN
0 |00 |00 |00|0o|co|co|oo|oo|0o|0|0o||m
N NN NN N NN NN N N NN

00 | 0O |00 (0O |00 |CO |00 |00 |00 |CO|CO |00 |0O|CO

Note: * Not available in the H8/538 and H8/539.
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Table A-7 Number of States Required for Instruction Execution (4)

Addressing Mode

= =
6l e e
(8IS 8% EEE T
r ® 8 8 ® 8 B 8 &£ X
Instruction [ Ki1j1]2[3/1/1]2/3|2]3
SHLR.B <EAd> 2 1127 ,7|8|7|8|7]8
SHLR.W <EAd> 4 127,787 |,8|7]8
STC.B CR,<EAd> 1 1|47 ,7|8|7|,8|7]8
STC.W CR,<EAd> 2 1147 ,7|8|7|,8|7]8
SUB.B <EAs>,Rd 1 1/2|5|5|6|5|6|5|6/|3
SUB.W <EAs>,Rd 2 1/2|5/5|6|5|6|[5]|6 4
SUBS.B <EAs>,Rd 1 1/3/5|/5|6|5|6|5|6/|3
SUBS.W <EAs>,Rd 2 1/{3|5/5|6|5|6|5]|6 4
SUBX.B <EAs>,Rd 1 1/2|5|/5|6|5|6|5|6|3
SUBX.W <EAs>,Rd 2 1/2|5|/5|6|5|6|5]|6 4
SWAP Rd 1|3
TAS <EAd> 2 1147 8,78 8
TST.B <EAd> 1 1/2|5|/5|6|5|6|5]|6
TST.W <EAd> 1/2|5/5|6|5|6|5]|6
XCH Rs,Rd 1|4
XOR.B <EAs>,Rd 1 1/2|/5|/6|5|5|6|5|6/|3
XOR.W <EAs>,Rd 2 1/2|5/6|5|5|6|5]|6 4
XORC #xx,CR 1 519
AN
DIVXU.B zero divide, minimum mode 6 7 12023232423 |24 (23|24 |21
DIVXU.B zero divide, maximum mode 10 11 1(25|28(28|29(28|29(28|29 |21
DIVXU.W zero divide, minimum mode 6 8 1,20(23(23|24|23|24|23 |24 27
- . 10
DIVXU.W zero divide, maximum mode 12 1/25(28(28|29|28|29|28/|29 27
DIVXU.B overflow 1 8 /1111121112 |11|12| 9
DIVXU.W overflow 2 1|8 (1111|1211 (12|11 |12 10

Note: * /—z[Register operand or immediate data

Memory operand
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Table A-7 Number of States Required for Instruction Execution (5)

Instruction (Condition) Execution States | J+K
Bcc d:8 Condition false, branch not taken 3 2
Condition true, branch taken 7 5
Bcc d:16 Condition false, branch not taken 3 3
Condition true, branch taken 7 6
BSR d:8 9 2 4
d:16 9 2 5
JMP @aa:16 7 5
@RnN 6 5
@(d:8,Rn) 7 5
@(d:16,Rn) 8 6
JSR @aa:16 9 2 5
@Rn 9 2 5
@(d:8,Rn) 9 2 5
@(d:16,Rn) 10 2 6
LDM 6 + 4n* 2n 2
LINK #xx:8 6 2 2
#xx:16 7 2 3
NOP 2 1
RTD #xx:8 9 2 4
#xx:16 9 2 5
RTE Minimum mode 13 4 4
Maximum mode 15 6 4
RTS 8 2 4
SCB Condition true, branch not taken 3 3
Count = -1, branch not taken 4 3
Other conditions, branch taken 8 6
SLEEP Until transition to sleep mode 2 0
STM 6 + 3n* 2n 2
TRAPA Minimum mode 17 6 4
Maximum mode 22 10 4

Note: * n: number of registers in register list
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Table A-7 Number of States Required for Instruction Execution (6)

Instruction Condition Execution States J+K
TRAP/VS V = 0, branch not taken 3 1

V =1, branch taken, minimum mode 18 6 4

V =1, branch taken, maximum mode 23 10 4
UNLK 2 1
PIMP @aa:24 9 6

@Rn 5
PJSR @aa:24 15 4 6

@Rn 13 4 5
PRTS 12 4 5
PRTD #xx:8 13 4 5

#xx:16 13 4 6

Table A-8 (a) Correction Values (branch instructions)

Instruction Branch Address Correction
BSR,JMP,JSR,RTS,RTD,RTE Even 0
TRAPA,PIMP,PJSR,PRTS,PRTD oOdd 1
Bcc,SCB, TRAP/VS (if branch is taken) Even 0

Odd 1
Table A-8 (b) Correction Values (general instructions, for each addressing mode)
Instruction A(?g:retss Rn | @Rn @I(?dr;& @(2;16, @-Rn | @Rn+ | @aa:8 @aa: 16| #xx:8 |#xx:16
MOV.B #xx:8 <EA> | Even 1 1 1 1 1 1 1
Odd 1 1 1 1 1 1 1
MOV.W #xx:16 <EA> Even 2 0 2 2 2 0 2
Odd 0 2 0 0 0 2 0
All other insructions Even 0 1 0 1 1 1 0 1 0 0
Odd 0 0 1 0 0 0 1 0 0 0
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A5 Instruction Set

A.5.1 Features

Features of the H8/500 CPU instruction set are as follows:

e Genera-register architecture

e Highly orthogonal instruction set

e Supports register-register and register-memory operations
e Oriented toward C language

A.5.2 Instruction Types

The H8/500 CPU instruction set consists of 63 instructions. Table A-9 classifies the instruction

set.

Table A-9 Instruction Types

Number of

Type Instructions Instructions
Data transfer MOV LDM STM XCH SWAP MOVTPE MOVFPE 7
Arithmetic operations ADD SUB ADDS SUBS ADDX SUBX DADD DSUB 17

MULXU DIVXU CMP EXTS EXTU TST NEG CLR

TAS
Logic operations AND OR XOR NOT 4
Shift SHAL SHAR SHLL SHLR ROTL ROTR ROTXL

ROTXR
Bit manipulation BSET BCLR BTST BNOT 4
Branch Bce* JMP PJMP BSR JSR PJSR RTS PRTS RTD 11

PRTD SCB(/F/NE/EQ)
System control TRAPA TRAP/VS RTE SLEEP LDC STC ANDC ORC 12

XORC NOP LINK UNLK

Note: * Bcc is the generic designation for a conditional branch instruction.
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A.5.3 Basic Instruction Formats

(1) General Format: Thisformat consists of an effective address (EA) field, an effective address
extension field, and an operation code (OP) field. The effective address is placed before the
operation code because this resultsin faster execution of the instruction. Table A-10 describes the
three fields of the general instruction format.

Effective address field Effective address extension Operation code

Table A-10 Fieldsin General Instruction Format

Name Byte Length Description

EA field 1 Information used to calculate the effective address of
an operand

EA extension 0-2 Byte length is defined in EA field
Displacement value, immediate data, or absolute
address

OP field 1-3 Defines the operation carried out on the operand

Some instructions (DADD, DSUB, MOVFPE, MOVTPE)
have an extended format in which the operand code is
preceded by a one-byte prefix code (example 1)

Example 1. Instruction with prefix code: DADD instruction

Effective address Prefix code Operation code

|10100rrrOOOOOOOOlOlOOrrr

(2) Special Format: In this format the operation code comes first, followed by the effective
address field and effective address extension. Thisformat is used in branching instructions,
system control instructions, and some short-format instructions that can be executed faster if the
operation is specified before the operand. Table A-11 describes the three fields of the special
instruction format.

Operation code Effective address field Effective address extension
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Table A-11 Fieldsin Special Instruction For mat

Name Byte Length Description

OP field 1-2 Defines the operation performed by the instruction
EA field and EA 0-3 Information used to calculate an effective address
extension

A.5.4 Data Transfer Instructions
There are seven data transfer instructions. The function of each instruction is described next.

(1) MOV Instruction: Transfers data between two general registers, or between a general register
and memory. Can aso transfer immediate data to aregister or memory.

Operation: (EAs) - (EAd),
#MM - (EAd)

Registers (CPU) Memory

Rs

(EAd) | =~

Example: MOV:G.W Rs, EAd

Instructions and Operand Sizes: The following table lists the possible combinations.

Size
Instruction B/W B w
MOV:G g
MOV:E g
MOV:F 0
MOVl g
MOV:L g
MOV:S o
B: Byte
W: Word
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(2) LDM Instruction (W): Loads data saved on the stack into one or more registers. Multiple
registers can be loaded simultaneously.

Operation: @SP+ (stack) — Rn (register list)

Registers (CPU) Memory
RO
R1 \
R2 N RO
R3 \ —
R2

(Old SP)

Example: LDM RO-R2, @SP+

Instructions and Operand Sizes. The operand sizeis always word size.

(3) STM Instruction (W): Saves data onto the stack. Multiple registers can be saved
simultaneously.

Operation: Rn (register list) — @-SP (stack)

Registers (CPU) Memory
RO SP
R1
L
R2 T~ RO
R3 s R1
T—a R2
(Old sP)

Example: STM @-SP, RO-R2

Instructions and Operand Sizes: The operand sizeis awaysword size.
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(4) XCH Instruction (W): Exchanges data between two general registers.

Operation: Rs - Rd, Rd - Rs

Registers (CPU)

RO A RO B
R1 ] R1
R2 B R2 A

R3 R3

<Before execution> — » <After execution>

Example: XCH RO, R2

Instructions and Operand Sizes. The operand sizeis always word size.

(5) SWAP Instruction (W): Exchanges data between the upper and lower bytes of a general
register.

Operation: Rd (upper byte) - Rd (lower byte)

Registers (CPU)

RO| A | B RO| B A
R1| 4 A R1
R2 R2
R3 R3

<Before execution> —  » <After execution>

Example: SWAP RO

Instructions and Operand Sizes. The operand size is always byte size.
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(6) MOVTPE Instruction (B): Transfers general register contents to memory in synchronization
with the E clock. (Note: The H8/538 and H8/539 do not output an E clock).

Operation: Rn - (EAd)

Registers (CPU) Memory

Rs

(EAD) | =

Example: MOVTPE Rs, EAd

Instructions and Operand Sizes. The operand sizeis always byte size.

(7) MOVFPE Instruction (B): Transfers memory contents to ageneral register in
synchronization with the E clock. (Note: The H8/538 and H8/539 do not output an E clock).

Operation: (EAs) - Rd

Registers (CPU) Memory

Rd

(EASs)

Example: MOVFPE EAs, Rd

Instructions and Operand Sizes: The operand sizeis always byte size.
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A.5.5 Arithmetic Instructions

There are 17 arithmetic instructions. The function of each instruction is described next.
(1) ADD Instruction (B/W)

(2) SUB Instruction (B/W)

(3) ADDS Instruction (B/W)

(4) SUBSInstruction (B/W)

These instructions perform addition and subtraction on datain two general registers, datain a
general register and memory, datain a general register and immediate data, or datain memory and
immediate data.

Operation: Rd+ (EAs) - Rd, (EAd) £ #iIMM - (EAd)

Registers (CPU)

Rd A -

ALU A+1

Example: ADD.W #1, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.
(5) ADDX Instruction (B/W)
(6) SUBX Instruction (B/W)

These instructions perform addition and subtraction with carry on datain two general registers,
datain ageneral register and memory, or datain a general register and immediate data.
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Operation: Rd+ (EAs)=C - Rd

Registers (CPU)

Rd A -

C 1
e

ALUi A+1+C /

Example: ADDX.W #1, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.

(7) DADD Instruction (B)

(8) DSUB Instruction (B)

These instructions perform decimal addition and subtraction on datain two general registers.

Operation: (Rd)1g* (RS)10% C - (Rd)1g

Registers (CPU)

Rd A -
Rs B
c

-
ALU \ (A+B+C) ;10

Example: DADD Rs, Rd

Instructions and Operand Sizes: The operand sizeis always byte size.
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(99 MULXU Instruction (B/W): Performs 8-bit x 8-bit or 16-bit x 16-bit unsigned
multiplication on datain a general register and datain another general register or memory, or on
datain ageneral register and immediate data.

Operation: Rd x (EAs) —» Rd

Registers (CPU)

Rd
Rs

Rd Result
Rs B

<After execution>

ALU

Example: MULXU.B Rs, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.

(10) DIVXU Instruction (B/W): Performs 16-bit + 8-bit or 32-bit + 16-bit unsigned division on
datain ageneral register and data in another general register or memory, or on datain ageneral
register and immediate data.

Operation: Rd+ (EAs) - Rd

Registers (CPU) Result

Rd
Rs

Rd
Rs

<After execution>
ALU

Example: DIVXU.B Rs, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.

603



(11) CMP Instruction: Compares datain a general register with datain another general register
or memory, or with immediate data, or compares immediate data with datain memory.

Operation: Rd-(EAS), (EAd) —#IMM

Registers (CPU)

Rd A 7 Left unchanged
B

Rs

Y \i

\/
ALU 1\ A-B /— ccRr

Example: CMP:G.B Rs, Rd

Instructions and Operand Sizes: The following table lists the possible combinations.

Size

Instruction B/W B W

CMP:G O

CMP:E g

CMP:I a

B: Byte
W: Word
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(12) EXTSInstruction (B): Converts byte datain a general register to word data by extending
the sign bit.

Operation: (<bit 7> of <Rd>) - (<bits 15 to 8> of <Rd>)

Registers (CPU)
15 87 0
RO| Dontcare |[1]01101 0 1]
(Before execution)
15 87 0
RO[11111111[1011010 1]

(After execution)  Sign extension

Example: EXTS RO

Instructions and Operand Sizes. The operand size is always byte size.

(13) EXTU Instruction (B): Converts byte datain a genera register to word data by padding
with zero hits.

Operation: 0 - (<bits15to 8> of <Rd>)

Registers (CPU)
15 87 0
R0| Don'’t care |10110101|

(Before execution)
15 87 0
RO|00000000{1011010 1]

(After execution) ~ Zero extension

Example: EXTU RO

Instructions and Operand Sizes. The operand size is always byte size.
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(14) TST Instruction (B/W): Compares general register or memory contents with zero.

Operation: (EAd) -0

Registers (CPU)

RO A Left unchanged

ALU A-0 — ™| CCR

Example: TST.W RO

Instructions and Operand Sizes: Byte or word operand size can be selected.

(15) NEG Instruction (B/W): Obtains the two's complement of general register or memory
contents.

Operation: 0—(EAd) - (EAd)

Registers (CPU)

RO | 2's complement

<After execution>

Example: NEG.W RO

Instructions and Operand Sizes: Byte or word operand size can be selected.
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(16) CLR Instruction (B/W): Clears general register or memory contents to zero.

Operation: 0 - (EAd)

Registers (CPU)

15 0

RO | Don't care |
(before execution) ¢

15 0

ROJ0000000000000000 |

(after execution) Cleared to zero

Example: CLR.W RO

Instructions and Operand Sizes: Byte or word operand size can be selected.

(17) TASInstruction (B): Tests general register or memory contents, then sets the most
significant bit (bit 7) to 1.

Operation: (EAd) -0, (1), — (<bit 7> of <EAd>)

Registers (CPU)

RO| (| A

0
Y ;
ALU A0 — | CCR
15 87 0
RO| Don’t care |(l)******* |
(after execution) Setto 1

Example: TAS RO

Instructions and Operand Sizes: The operand size is always byte size.
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A.5.6 LogicInstructions
There are four logic instructions. The function of each instruction is described next.

(1) AND Instruction (B/W): Performs alogical AND operation on a general register and another
general register, memory, or immediate data.

Operation: RdO(EAS) - Rd

Registers (CPU) Result
Rd A Rd Y
Rs B Rs B
L / Y _
ALU ALB <After execution>

Example: AND.B Rs, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.

(2) OR Instruction (B/W): Performs alogical OR operation on a general register and another
general register, memory, or immediate data.

Operation: RdO(EAS) - Rd

Registers (CPU)

Rd A Rd Result
Rs B Rs B
\ \i
ALU AOB <After execution>

Example: OR.W Rs, Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.
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(3) XOR Instruction (B/W): Performs alogical exclusive OR operation on a general register and
another general register, memory, or immediate data.

Operation: Rd O (EAs) - Rd

Registers (CPU)

Rd Result
Rs B

ALU <After execution>

Example: XOR.W Rs, Rd

Instructions and Operand Sizes. Byte or word operand size can be selected.

(4) NOT Instruction (B/W): Takes the one’'s complement of general register or memory
contents.

Operation: - (EAd) - (EAd)

Registers (CPU)

Rd| 1's complement

ALU <After execution>

Example: NOT.W Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.
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A.5.7 Shift Instructions

There are eight shift instructions. The function of each instruction is described next.

(1) SHAL Instruction (B/W)

(2) SHAR Instruction (B/W)

These instructions perform an arithmetic shift operation on general register or memory contents.

Operation: (EAd) arithmetic shift — (EAd)

MSB LSB
C (CCR) =—| |=— (0);

-

Example: SHAL.W Rd

LSB

MSB
d | [~ c(ceRr)

Example: SHAR.W Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.
(3) SHLL Instruction (B/W)
(4) SHLR Instruction (B/W)

These instructions perform alogic shift operation on general register or memory contents.
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Operation: (EAd) logic shift — (EAd)

MSB LSB
C (CCR) =— ~— (0),

-

Example: SHLL.W Rd

MSB LSB

(0),—| = c(ccr)

R

Example: SHLR.W Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.
(5) ROTL Instruction (B/W)

(6) ROTR Instruction (B/W)

These instructions rotate general register or memory contents.

Operation: (EAd) rotate - (EAd)

MSB LSB

T —

Example: ROTL.W Rd

MSB LSB

S M—

Example: ROTR.W Rd

Instructions and Operand Sizes. Byte or word operand size can be selected.
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(7) ROTXL Instruction (B/W)
(8) ROTXR Instruction (B/W)
These instructions rotate general register or memory contents through the carry hit.

Operation: (EAd) rotate through carry — (EAd)

MSB LSB
“oeome [ ]

Example: ROTXL .W Rd

MSB LSB

T»{ H C (CCR)—»

Example: ROTXR.W Rd

Instructions and Operand Sizes: Byte or word operand size can be selected.

A.5.8 Bit Manipulation Instructions

There are four bit manipulation instructions. The function of each instruction is described next.
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(1) BSET Instruction (B/W): Tests a specified bit in ageneral register or memory, then sets the
bitto 1. The bit is specified by immediate data or a bit number in a general register.

Operation: - (<bit-No.> of <EAd>) - Z
1 - (<bit-No.> of <EAd>)

Registers (CPU)

14 14
7l —] 7l o]

1 <After execution>

v
ALU \ -A /» Z (CCR)

Example: BSET.W H'E, R1

Instructions and Operand Sizes: Byte or word operand size can be selected.

(2) BCLR Instruction (B/W): Tests a specified bit in a general register or memory, then clears
thebitto 0. The bit is specified by immediate data or a bit number in a general register.

Operation: - (<bit-No.> of <EAd>) - Z
0 - (<hit-No.> of <EAd>)

Registers (CPU)

14 14
SN0 — - g

Y 0 <After execution>

ALU \ -A /» Z (CCR)

Example: BCLR.W H'E, R1

Instructions and Operand Sizes: Byte or word operand size can be selected.
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(3) BNOT Instruction (B/W): Tests a specified bit in a general register or memory, then inverts
the bit. The bit is specified by immediate data or a bit number in a general register.

Operation: - (<bit-No.> of <EAd>) - Z - (<hit-No.> of <EAd>)

Registers (CPU) -A

14 14
R1 |A|< R1 |)f

L <After execution>

ALU \ -A ;—+ Z (CCR)

Example: BNOT.W H'E, R1

Instructions and Operand Sizes: Byte or word operand size can be selected.

(4) BTST Instruction (B/W): Tests aspecified bit in ageneral register or memory. Thebitis
specified by immediate data or a bit number in ageneral register.

Operation: - (<bit-No.> of <EAd>) - Z

Registers (CPU)

14
R1 |A| — [ Left unchanged

\J

ALU \ -A [~ 7 (CCR)

Example: BTST.W HE, R1

Instructions and Operand Sizes: Byte or word operand size can be selected.
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A.5.9 Branch Instructions

There are 11 branch instructions. The function of each instruction is described next.

(1) BcecInstruction (—): Branches if the condition specified in the instruction is true.

Operation: If condition istrue then
PC +disp - PC
else next;

Start of next

instruction
BRA ] ]
- BRA instruction
disp
T < 0ldPC
o A = T
o
"I PC + disp - PC
LABEL | -— New PC J
Start
instruction

Example: BRA LABEL

Note: Thisinstruction cannot branch across a page boundary.
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Addressing of Branch Destination: Specified by an eight-bit or 16-bit displacement.

Mnemonic Description Condition
BRA (BT) Always (true) True

BRN (BF) Never (false) False

BHI High Cz=0

BLS Low or same coz=1

BCC (BHS) Carry clear (high or same) C=0

BCS (BLO) Carry set (low) c=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Oveflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greater or equal NOV=0

BLT Less than NOV=1

BGT Greater than ZONOV)=0
BLE Less or equal ZONNOV)=1

(2) IMP Instruction (—): Branches unconditionally to a specified address in the same page.

Operation: <EA> - PC

JMP
JMP instruction
—@LABEL:16— l
Start of 7 8
instruction @LABEL: 16 - PC
LABEL -«— New PC J

Example: IMP @LABEL

Addressing of Branch Destination: Register indirect, register indirect with eight-bit or 16-bit
displacement, or 16-bit direct addressing.

Note: Thisinstruction cannot branch across a page boundary.
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(3) PIMP Instruction (—): Branches unconditionally to a specified address in a specified page.

Operation: <EA> - CP,PC

PIMP ) )
@Rz } PJMP instruction
R2 | High
. A R3 | Low
Start of Y \j
instruction R3-PC R2-CP
~ ~<— New CP, PC 1

Example: PIMP @R2

Addressing of Branch Destination: Register indirect or 24-bit direct addressing.
Note: Thisinstruction isinvalid in minimum mode.
(4) BSR Instruction (—): Branches to a subroutine at a specified address in the same page.

Operation: PC - @-SP, PC+disp - PC

Start of next

instruction BSR . .
: BSR instruction
disp

a A ~—0ld PC

© v A 2 PC +disp - PC

LABEL |, =—New PC
Start of old PC < New SP
instruction -—0Old SP

Example: BSR LABEL

Addressing of Branch Destination: Specified by an eight-bit or 16-bit displacement.

Note: Thisinstruction cannot branch across a page boundary.
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(5) JSR Instruction (—): Branchesto a subroutine at a specified address in the same page.

Operation: PC - @-SP, <EA> -, PC

_Start of_ next ISR
instruction JSR instruction
@R2
~ L Old PC
. - @R2 - PC
e —New PCJ
Start of = ot New SP
. . -t ew
instruction old PC »
-«— Old SP
Example: JSR @R2

Addressing of Branch Destination: Register indirect, register indirect with eight-bit or 16-bit
displacement, or 16-hit direct addressing.

Note: Thisinstruction cannot branch across a page boundary.

(6) PJISR Instruction (—): Branchesto a subroutine at a specified addressin a specified page.

Operation: PC - @-SP, CP - @-SP, <EA> - PC

Start of next PJSR | High
instruction PJSR instruction
@R2 R3 . Low
B —— Old CP, PC— ] v
n ] R3 - PC R2 - CP
B ] | —
v — New CP, PC |
Startof ~ = T New TP:SP
instruction Old PC |= :
Old PC -
-— QOld TP:SP
Example: PJSR @R2

Addressing of Branch Destination: Register indirect or 24-bit direct addressing.

Note: Thisinstruction isinvalid in minimum mode.
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(7) RTSInstruction (—): Returns from a subroutine in the same page.

Operation: @SP+ - PC

Start of next
instruction

JSR

@R2

-«—New PC

RTS

— Old PC

J<«— Old SP

}JSR instruction

New PC

Example: RTS

<— New SP

RTS can return from a subroutine called by a BSR or JSR instruction.

(8) PRTSInstruction (—): Returns from a subroutine in another page.

Operation: @SP+ - PC, @SP+ - CP

Start of next

instruction

Example: PRTS

PJSR . .
PJSR instruction
@R2
M — Old CP, PC —
PRTS l«— New CP, PC
T« Old TP:SP
New CP
New PC
-<«— New TP:SP

PRTS can return from a subroutine called by a PISR instruction.
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(9) RTD Instruction (—): Returns from a subroutine in the same page and adjusts the stack
pointer.

Operation: @SP+ - PC, SP+# MM - SP

JSR
Start of next }JSR instruction

instruction @R2
BN -«— New PC -

RTD «— Old PC
#xx:8

Old SP—

New PC
3 3 SP+#xx:8

-— New SPJ

Example: RTD #xx:8

RTD can return from a subroutine called by a BSR or JSR instruction. The stack-pointer
adjustment is specified by eight-bit or 16-bit immediate data.

Note: Theimmediate data must have an even value. If the stack pointer is set to an odd address,
an address error will occur when the stack is accessed.
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(10) PRTD Instruction (—): Returns from a subroutine in another page and adjusts the stack
pointer.

Operation: @SP+ - PC, @SP+ - CP, SP+# MM - SP

Start of next PJSR
instruction @R2

} PJSR instruction

l«—New CP, PC —

~ ~L

PRTD l«— Old CP, PC

#xX:8
| old SP
New CP
New PC
: ] SP+#xx:8
- New SP

Example: PRTD #xx:8

PRTD can return from a subroutine called by a PIJSR instruction. The stack-pointer adjustment is
specified by eight-hit or 16-bit immediate data.

Note: Theimmediate data must have an even value. If the stack pointer is set to an odd address,
an address error will occur when the stack is accessed.

621



(11) SCB Instruction: Controlsaloop using aloop counter and/or a specified termination
condition.

Operation; If condition is true then next
eseRn-1 - Rn;
If Rn = -1 then next
else PC + disp —» PC;

Start of next
instruction SCBIF SCBIF
instruction
disp
bl —0ld PC
% A A~
5 a PC+disp — PC
LABEL 4 R2| Loop counter
Start of instruction -1
= end of loop
Example: SCB/F R2, LABEL

Addressing of Branch Destination: Specified by an eight-bit displacement.

Description
Instruction Function Condition
SCB/F False —
SCB/NE Not Equal Z=0
SCB/EQ Equal Z=1
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A.5.10 System Control Instructions
There are 12 system control instructions. The function of each instruction is described next.
(1) TRAPA Instruction (—): Generates atrap exception with a specified vector number.

Operation: PC - @-SP, (maximum mode: CP -~ @-SP), SR - @-SP
<vector> - PC (maximum mode: <vector> - CP)

H'0028 PCH
TRAPA #4 vector
H'0029 PCL
Start of next TRAPA
instruction | #4
N —OId PC—
y ~<—New PC
start of. e T« New SP
instruction Old SR - SR
Old PC -
-— QOld SP

Example: TRAPA #4

623



(2) TRAP/VSInstruction (—): Generates atrap exception if the V bit isset to 1.

Operation: If V bit of CCR =1 then

PC - @-SP, (maximum mode: CP - @-SP), SR -» @-SP
<vector> - PC (maximum mode: <vector> - CP)
else next;

H'0008 PCh
H'0009 PC, TRAP/VS vector
Start of next q
instruction TRAPA
N ——OId PC—
4 -—New PC
Start of. A T New SP
instruction Old SR - SR
Id P - =
OdPC 12 6gsp V=1

Example: TRAP/VS

624



(3) RTE Instruction (—): Returns from an exception-handling routine.

Operation: @SP+ - PC,

(maximum mode: @SP+ - CP),

@SP+ - SR
H'0028 PCh
H'0029 PC, TRAPA #4 vector
Start of next TRAPA
instruction | #4
[«— New PC —
RTE
i J<—0ld sP
New SR - SR
New PC
-«— New SP
Example: RTE
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(4) LINK Instruction (—): Creates a stack frame.

Operation: FP(R6) -~ @-SP,
SP - FP(RS),
SP+#MM - SP

LINK
. LINK instruction
disp
Old SP + #IMM - SP——
A A R6 Old FP
New SP —»| Area C (FP—6)| 4 R7 Old sP
Stack frame
Area B (FP — 4) created by
Area A (FP - 2) LINK <Before execution>
New FP —» old EP Y instruction
Old SP —» Data 1 R6 New FP
Old FP—{ Initial SP (= FP) R7 New SP
Initial SP Return PC
(= FP) <After execution>

Example: LINK FP, #-6

Stack Frame Area: Specified by eight-bit or 16-bit immediate data.
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(5) UNLK Instruction (—): Releases a stack frame created by the LINK instruction.

Operation: FP(R6) —» SP,

@SP+ - FP(R6)
UNLK UNLK instruction
@SP+ - FP
8 a8 R6 old FPY
Old SP | AreaC (FP—6)| 4 R7| Y oldspP
Stack frame
Area B (FP - 4) released _
Area A (FP — 2) by UNLK <Before execution>
OIdFP _» New FP JLinstruction
New SP —= Data 1 R6 New EP
New FP —»{ Initial SP (= FP) R7 New SP
Initial SP —{  Return PC )
(= FP) <After execution>

Example: UNLK FP

(6) SLEEP Instruction (—): Causes atransition to a power-down state.

(7) LDC Instruction (B/W): Movesimmediate data or general register or memory contents into
aspecified control register.

Operation: (EAs) - CR

General register Page registers

CP
R1 - DP
TP

Example: LDC.B R1, DP

Instructions and Operand Sizes: The operand size depends on the control register.
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(8) STC Instruction (B/W): Moves specified control register datato a general register or
memory.

Operation: CR - (EAd)

General register Page registers
CP
R1 DP |- DP
TP

Example: STC.B DP, R1

Instructions and Operand Sizes: The operand size depends on the control register.
(9) ANDC Instruction (B/W): Logically ANDs a control register with immediate data.

Operation: CRO#MM - CR

General register Status register

Example: ANDC.W R1, SR

Instructions and Operand Sizes: The operand size depends on the control register.
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(10) ORC Instruction (B/W): Logicaly ORsa control register with immediate data.

Operation;: CRO#IMM - CR

General register Status register

R1 SR

Example: ORC.W R1, SR

Instructions and Operand Sizes. The operand size depends on the control register.
(11) XORC Instruction (B/W): Logically exclusive-ORs a control register with immediate data.

Operation: CRO#MM - CR

General register Status register

Example: XORC.W R1, SR

Instructions and Operand Sizes. The operand size depends on the control register.
(12) NOP Instruction (—): Only increments the program counter.

Operation: PC+1 - PC
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A.5.11 Short-Format Instructions

The ADD, CMP, and MOV instructions have special short formats. The short formats are a byte
shorter than the corresponding general formats, and most of them execute one state faster. Table
A-12 lists these short formats together with the equivalent general formats.

Table A-12 Short-Format Instructions and Equivalent General Formats

Short-Format Execution Equivalent General- Execution
Instruction Length States*2 Format Instruction Length States*?
ADD: Q #xx, Rd*1 2 2 ADD: G #xx:8, Rd 3 3

CMP: E #xx: 8, Rd 2 2 CMP: G.B #xx: 8, Rd 3 3

CMP: | #xx: 16, Rd 3 3 CMP: G.W #xx: 16, Rd 4 4

MQOV: E #xx: 8, Rd 2 2 MOV: G.B #xx: 8, Rd 3 3

MOV: | #xx: 16, Rd 3 3 MOV: G.W #xx: 16, Rd 4 4

MOV: L @aa: 8, Rd 2 5 MOV: G @aa: 8, Rd 3 5

MQOV: S Rs, @aa: 8 2 5 MOV: G Rs, @aa: 8 3 5
MOV:F @ (d; 8, R6), Rd 2 5 MOV: G @ (d: 8, R6), Rd 3 5

MOV: F Rs, @ (d: 8, R6) 2 5 MOV: G Rs, @ (d: 8, R6) 3 5

Notes: 1. The ADD:Q instruction accepts other destination operands in addition to a general

register.
2. Number of execution states for access to on-chip memory.
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Appendix B Initial Values of CPU Registers

TableB-1 Register Values after Reset Exception Handling

Initial Value

Minimum Mode

Maximum Mode

Undetermined

Undetermined

Loaded from
vector table

Loaded from
vector table

H'070*

* The last four bits
(N,V, Z,and C)

are undetermined.

H'070*

* The last four bits
(N, V, Z,and C)
are undetermined.

Undetermined

loaded from
vector table

DP, EP, and TP:
undetermined

CP:

Register
15 0
RO
R1
R2
R3
R4
R5
R6 (FP)
R7 (SP)
15 0
PC
SR
4 N
CCR
E—
15 8 7 0
T———— bl lg———NVZ c|
7 0
cpP
DP
EP
TP
7 0
BR

Undetermined

Undetermined
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Appendix C On-Chip Registers

) Bit Names .
Address ~ Module  Register Initial

(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Value

H'FE80 Port 1 P1IDDR  P1,DDR P1;DDR P1sDDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR H'00

HFE81 Port 2 P2DDR  P2;DDR P2,DDR P2;DDR P2,DDR P2;DDR P2,DDR P2,DDR P2,DDR H'00

HFES2  Portl  PIDR  Pl, Pl Pl P1, P1, P1, PL P1, H00

HFES3  Port2  P2DR P2, P2 P2 P2, P2, P2, P2, P2, H00

H'FE84 Port 3 P3DDR  — — P3;DDR P3,DDR P3;DDR P3,DDR P3,DDR P3,DDR H'CO

H'FE85 Port 4 PADDR  P4;,DDR P44,DDR P4;DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR H'00

HFES6  Port3  P3DR  — - P3; P3, P3, P3, P3, P3,  HCO

HFES7  Port4  PADR P4, P4 Phg P4, P4, P4, P4, P4y HOO

H'FE88 Port5 PSDDR  P5;DDR P5,DDR P5;DDR P5,DDR P5,DDR P5,DDR P5,DDR P5,DDR H'00

H'FE89 Port 6 P6DDR  — — — P6,DDR P6;DDR P6,DDR P6,DDR P6,DDR H'EO

HFESA  Pot5 ~ PS5DR PS5, P5¢ P5; P5, P5, P5, P5, P5, H00

HFESB  Porté  P6DR  — — — P6, P6, P6, P6, P6, HEO

H'FESC Port 7 P7DDR  P7,DDR P7¢,DDR P7sDDR P7,DDR P7,DDR P7,DDR P7,DDR P7,DDR H'00

H'FESD — — — — — — — — HFF

HFESE  Port7 ~ P7TDR  P7, P PTs P7, P, P7, P7, P, H00

H'FE8F Port 8 P8DR — — — — P8, P8, P8, P8, Undeter-
mined

(continued on next page)
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(continued from previous page)

. Bit Names .

Address  Module  Register Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value

H'FE90 — — — — — — — — H'FF

H'FE91 Port A PADDR  — PADDR PA;DDR PA,DDR PA;DDR PA,DDR PA,DDR PA,DDR H'80
H'FE92 Port 9 PIDR P9, P9 P9 P9, P9, P9, P9, P9, Undeter-
mined

H'FE93 Port A PADR — PAg PA; PA, PA; PA, PA; PA, H'80

HFE%4 Port B PBDDR  PB;DDR PB¢DDR PBDDR PB,DDR PB3;DDR PB,DDR PB,;DDR PB,DDR H'00

HFE95  PortC ~ PCDDR  PC,DDR PC,DDR PCiDDR PC,DDR PC,DDR PC,DDR PC,DDR PC,DDR H00

HFE96  PortB  PBDR  PB,  PB;  PBg PB, PB, PB, PB, PB,  HO0

HFE97  PotC  PCDR PC, PC, PCs PC, PGy PC, PC;,  PC,  H00

HFE98  PortB PBPCR  PB,PON PBGPON PB:PON PB,PON PB,PON PB,PON PB;PON PBGPON H00

H'FE99 Port C PCPCR  PC,PON PCiPON PC;PON PC,PON PCsPON PC,PON PC,PON PC,PON H00

HFE9A  @CR* aCR gOE  — — — — — — — HFF
H'FE9B — — — — — — — — HFF
H'FE9C — — — — — — — — HFF
HFE9ID — — — — — — — — HFF
H'FE9E — — — — — — — — HFF
H'FE9F — — - — — - — — HFF
Note: * gCR is not present in the H8/538. (continued on next page)
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(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFEAO  AD ADDROH  AD ADq AD; AD4 AD; AD, AD4 AD, H'00
HFEAL ADDROL  ADq ADq — — — — — — H'00
HFEA2 ADDRIH  AD ADq AD;, ADg AD; AD, AD;, AD, H'00
HFEA3 ADDRIL AD, ADq — — — — — — H'00
HFEA4 ADDR2H  AD ADg AD; ADg ADg AD, AD4 AD, H'00
H'FEAS ADDR2L  AD; ADq — — — — — — H'00
HFEA6 ADDR3H  AD ADq AD; AD4 AD; AD, AD4 AD, H'00
H'FEA7 ADDR3L  AD; ADq — — — — — — H'00
HFEA8 ADDR4H  AD ADq AD;, ADg AD; AD, AD;, AD, H'00
HFEA9 ADDR4L  AD, ADq — — — — — — H'00
HFEAA ADDRSH  AD ADg AD; ADg ADg AD, AD4 AD, H'00
HFEAB ADDRSL  ADq ADq — — — — — — H'00
HFEAC ADDR6H  AD ADq AD; ADg AD; AD, AD4 AD, H'00
H'FEAD ADDR6L  AD{ ADq — — — — — — H'00
HFEAE ADDR7H  AD ADq AD;, ADg AD; AD, AD;, AD, H'00
H'FEAF ADDR7L  AD, ADq — — — — — — H'00
Legend (continued on next page)

AID: A/D converter
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(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFEBO  AD ADDRSH  AD, AD4 AD; ADg ADg AD, AD4 AD, H'00
H'FEB1 ADDRSL  AD; AD, — — — — — — H'00
H'FEB2 ADDR9H  AD, ADg AD, ADg ADg AD, AD4 AD, H'00
HFEB3 ADDRIL  AD, ADqy — — — — — — H'00
H'FEB4 ADDRAH  AD, ADg AD; ADg ADs AD, AD,4 AD, H'00
H'FEBS ADDRAL  AD,; AD, — — — — — — H'00
H'FEB6 ADDRBH  AD, AD4 AD; ADg ADg AD, AD4 AD, H'00
H'FEB7 ADDRBL  AD; AD, — — — — — — H'00
H'FEBS ADCSR  ADF ADIE ADM1 ADMO CH3 CH2 CH1 CHO H'00
H'FEB9 ADCR TRGE  CKS ADST — — — — — H1F
H'FEBA — — — — — — — — HFF
H'FEBB — — — — — — — — HFF
H'FEBC — — — — — — — — HFF
H'FEBD — — — — — — — — H'FF
HFEBE — — — — — — — — HFF
H'FEBF — — — — — — — — HFF
Legend (continued on next page)

AID: AID converter
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(continued from previous page)

SCI1: Serial communication interface 1
SCI3: Serial communication interface 3

Note: * SCI3 is not present in the H8/538. If this register is not present, the initial value is H'FF.

636

Address ~ Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFECO  SCI3*  SMR CA  CHR  PE OlE STOP  MP CKSL  CKSO  HO00
HFEC1 BRR H'FF
H'FEC2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO H'00
HFEC3 TDR H'FF
H'FEC4 SSR TDRE RDRF ORER  FER PER TEND MPB MPBT  H'84F
H'FEC5 RDR H'00
HFEC6 — — — — — — — — H'FF
H'FEC7 — — — — — — — — Undeter-
mined
HFEC8  SCIL SMR CA  CHR PE OE  STOP MP CKSL  CKSO  HO0
H'FEC9 BRR H'FF
HFECA SCR TIE RIE TE RE MPIE TEIE CKE1 CKEOQ H'00
HFECB TDR H'FF
HFECC SSR TDRE  RDRF  ORER FER PER TEND MPB MPBT  H'84
H'FECD RDR H'00
H'FECE — — — — — — — — H'FF
H'FECF — — — — — — — — Undeter-
mined
Legend (continued on next page)



(continued from previous page)

SCI2; Serial communication interface 2

INTC: Interrupt controller

BSC: Bus controller

Notes: 1. PACR and P67CR are not present in the H8/538. If this register is not present, the initial value is H'FF.

2. Initial value in modes 5 and 6. In modes 1 to 4 and mode 7 the initial value is H'BF.
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFEDO  SCI2 SMR CA  CHR PE OE  STOP MP CKSL  CKSO  HO0
HFED1 BRR HFF
H'FED2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO H'00
H'FED3 TDR HFF
H'FED4 SSR TDRE RDRF ORER FER PER TEND MPB MPBT  H84
H'FED5 RDR H'00
H'FED6 — — — — — — — — HFF
H'FED7 — — — — — — — — Undeter-
mined
H'FED8 — — — — — — — — HFF
H'FED9 — — — — — — — — HFF
H'FEDA Port A"l PACR — TXD3E RXD3E — SCK3E PW3E PW2E PW1E  H90
H'FEDB Port 6/7*1  P67CR PW2E PWIE — — — — — PW3E  H3E
HFEDC ADTRG  EXTRG — — — — — — — HFF
HFEDD — — — — — — — — HFF
HFEDE  INTC IRQFR  — — — — IRQ3F  IRQ2F  IRQIF — HF1
HFEDF  BSC BCR BCRE OP3T  — POAE  EXIOP PCRE PBCE PI2E  H3F2
Legend (continued on next page)



(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFEEO — — — — — — — — H'FF
HFEEL — — — — — — — — HFE
HFEE2 - — — — — — — — HFF
HFEE3 — — — — — — — — H'FF
H'FEE4 — — — — — — — — HFE
HFEE5S — — — — — — — — HFF
H'FEE6 — — — — — — — — H'FF
HFEE7 — — — — — — — — HFE
HFEE8 — — — — — — — — HFF
HFEE9 — — — — — — — — H'FF
HFEEA — — — — — — — — HFE
HFEEB - - — — - — — - HFF
HFEEC — — — — — — — — H'FF
H'FEED — — — — — — — — HFF
HFEEE — — — — — — — — HFF
HFEEF — — — — — — — — H'FF

(continued on next page)
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(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FEFO PWM1*  TCR OE oS — — — CKS2 CKS1 CKS0 H'38
H'FEF1 DTR HFF
H'FEF2 TCNT H'00
H'FEF3 — — — — — — — — HFF
H'FEF4 PWM2*  TCR OE oS — — — CKS2 CKS1 CKS0 H'38
H'FEF5 DTR HFF
H'FEF6 TCNT H'00
H'FEF7 — — — — — — — — HFF
H'FEF8 PWM3*  TCR OE (O] — — — CKS2 CKS1 CKSO0 H'38
H'FEF9 DTR HFF
H'FEFA TCNT H'00
HFEFB — — — — — — — — HFF
HFEFC — — — — — — — — HFF
H'FEFD — — — — — — — — H'FF
H'FEFE — — — — — — — — HFF
H'FEFF — — — — — — — — HFF
Legend (continued on next page)

PWM: Pulse Width Modulation

Note: * PWMZ1, PWM2, and PWM3 are not present in the H8/538. The initial value is H'FF.
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(continued from previous page)

INTC: Interrupt controller
DTC: Data transfer controller

640

) Bit Names -
Address ~ Module  Register Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF00 INTC IPRA 0 0 H'00
H'FFO1 IPRB 0 0 H'00
H'FF02 IPRC 0 0 H'00
H'FF03 IPRD 0 0 H'00
H'FF04 IPRE 0 0 H'00
H'FF05 IPRF 0 0 H'00
H'FF06 DTC — — — — — — — — Undeter-
mined
H'FFO7 — — — — — — — — Undeter-
mined
H'FF08 DTEA 0 ADI (IRQO)  IRQO 0 IRQ3 IRQ2 IRQ1 H'00
H'FF09 DTEB 0 TICMIL2 TUMI2  TuMIL O TICMI3,4 T1IMI4  T1MI3  H00
H'FFOA DTEC 0 T2CMIL2 T2IMI2  T2MIL O T3CMI1,2 T3IMI2  T3IMIZ  H'00
H'FFOB DTED 0 TACMIL2 T4IMI2  T4IMIL 0 T5CMI1,2 T5IMI2  T5IMIZ  H'00
H'FFOC DTEE 0 0 T6IMI2  T6IMIL 0 0 T7IMI2  T7IMIZ  H'00
H'FFOD DTEF 0 TiL RI1 0 0 TI2 RI2 0 H'00
H'EFOE _ — — — — — — — Undeter-
mined
H'FFOF — — — — — — — — Undeter-
mined
Legend (continued on next page)



(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF10 WDT (TCSR)*t  OVF WT/T  TME — — CKS2 CKS1 CKS0 H'18
H'FF11 TCNT*L H'00
HFF12 — — — — — — — — HFF
HFF13 — — — — — — — — HFF
HFF14 WSC WCR — — — — WMS1 WMSO WC1 WCo H'F3
HFF15 RAMCR RAMCR RAME1l — RAME2*3 — — — — — Undeter-
mined
H'FF16 BSC ARBT HFF
HFF17 AR3T H'0E*2
H'FF18 — — — — — — — — HFF
H'FF19 MDCR — — — — — MDS2 MDS1 MDSO  Undeter-
mined
HFF1A SBYCR  SSBY — — — — — — — H7F
H'FF1B BRCR — — — — — — — BRLE HFE
HFF1C NMICR — — — — — — — NMIEG HFE
HFF1D IRQCR  — — — — IRQ3E  IRQ2E  IRQIE IRQOE HFO
HFF1E (Write CR)
HFF1F RSTCSR WRST RSTOE — — — — — — H'3F
Legend (continued on next page)

WDT: Watchdog timer
WSC: Wait-state controller
RAMCR: RAM controller
BSC: Bus controller

Notes: 1. These registers are write-protected by a password. See section 13.2.4 , “Notes on Register Access” for details.
2. Initial value in modes 5 and 6. In modes 1 to 4 and mode 7 the initial value is HEE.
3. Bit RAME2 is not present in the H8/538. In the H8/538 this bit always reads 1.
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(continued from previous page)

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF20 IPU T1CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
HFF21 Channel 1 T1CRL — CCLR2 CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10  H'80
H'FF22 TISRAH — — — OVIE CMIE2 CMIE1  IMIE2 IMIEL HEO
H'FF23 TISRAL — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
H'FF24 TIOERA DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOEl1l1 GOE10 H'00
H'FF25 TMDRA  MD6-7 MD4-7 MD3-5 MD2-6 SYNC3 SYNC2 SYNC1 SYNCO H00
H'FF26 TICNTH* H'00
H'FF27 TICNTL* H'00
H'FF28 T1GR1H* HFF
H'FF29 TIGR1L* H'FF
H'FF2A T1GR2H* H'FF
H'FF2B T1GR2L* HFF
HFF2C T1DR1H* H'FF
H'FF2D T1DR1L* H'FF
H'FF2E T1DR2H* HFF
HFF2F T1DR2L* H'FF
Legend (continued on next page)

IPU: 16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF30 IPU TSTR — STR7 STR6 STR5 STR4 STR3 STR2 STR1 H'80
H'FF31 Channel 1 TICRA — — — — IEG41 IEG40 IEG31 IEG30 HFO
H'FF32 TISRBH — — — — CMIE4 CMIE3 IMIE4 IMIE3 H'FO
H'FF33 TISRBL — — — — CMF4 CMF3 IMF4 IMF3 H'FO
H'FF34 TIOERB DOE41 DOE40 DOE31 DOE30 GOE41 GOE40 GOE31 GOE30 H'00
H'FF35 TMDRB  — — MDF PWM4  PWM3 PWM2 PWM1 PWMO HCO
H'FF36 — — — — — — — — HFF
H'FF37 — — — — — — — — HFF
H'FF38 T1GR3H* HFF
H'FF39 T1GR3L* HFF
H'FF3A T1GR4H* HFF
H'FF3B T1GRAL* HFF
HFF3C T1DR3H* HFF
H'FF3D T1DR3L* HFF
HFF3E T1DR4H* HFF
HFF3F T1DRAL* HFF
Legend (continued on next page)

IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.

644

Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF40 IPU T2CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
H'FF41 Channel 2 T2CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
H'FF42 T2SRH — — — QOVIE CMIE2 CMIE1  IMIE2 IMIEL HEO
H'FF43 T2SRL — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
H'FF44 T20ER DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOEl1l1 GOE10 H'00
H'FF45 — — — — — — — — HFF
H'FF46 T2CNTH* H'00
H'FF47 T2CNTL* H'00
H'FF48 T2GR1H* HFF
H'FF49 T2GR1L* H'FF
H'FF4A T2GR2H* H'FF
H'FF4B T2GR2L* HFF
HFF4C T2DR1H* H'FF
H'FF4D T2DR1L* H'FF
H'FF4E T2DR2H* HFF
H'FF4F T2DR2L* H'FF
Legend (continued on next page)
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF50 IPU T3CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
H'FF51 Channel 3 T3CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
H'FF52 T3SRH — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
H'FF53 T3SRL — — — OVF CMF2 CMF1 IMF2 IMF1 H'EO
H'FF54 T30ER DOE21 DOE20 DOE1l1 DOE10 GOE21 GOE20 GOE1l GOE10 H'00
H'FF55 — — — — — — — — HFF
H'FF56 T3CNTH* H'00
H'FF57 T3CNTL* H'00
H'FF58 T3GR1H* HFF
H'FF59 T3GR1L* HFF
H'FF5A T3GR2H* HFF
H'FF5B T3GR2L* HFF
HFF5C T3DR1H* HFF
H'FF5D T3DR1L* HFF
H'FF5E T3DR2H* HFF
H'FF5F T3DR2L* HFF
Legend (continued on next page)

IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF60 IPU T4CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
H'FF61 Channel 4 T4CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
H'FF62 T4SRH — — — QOVIE CMIE2 CMIE1  IMIE2 IMIEL HEO
H'FF63 T4ASRL — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
H'FF64 T40ER DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOEl1l1 GOE10 H'00
H'FF65 — — — — — — — — HFF
H'FF66 TACNTH* H'00
H'FF67 TACNTL* H'00
H'FF68 T4GR1H* HFF
H'FF69 T4GR1L* H'FF
H'FF6A T4GR2H* H'FF
H'FF6B T4GR2L* HFF
HFF6C T4DR1H* H'FF
H'FF6D TADR1L* HEE
H'FF6E T4DR2H* HFF
H'FF6F T4DR2L* HFF
Legend (continued on next page)
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IPU: 16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
HFF70 IPU T5CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
HFF71 Channel 5 T5CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
HFF72 T5SRH — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
HFF73 T5SRL — — — OVF CMF2 CMF1 IMF2 IMF1 H'EO
HFF74 T50ER DOE21 DOE20 DOE1l1 DOE10 GOE21 GOE20 GOE1l GOE10 H'00
HFF75 — — — — — — — — HFF
HFF76 T5CNTH* H00
HFF77 T5CNTL* H00
HFF78 T5GR1H* HFF
HFF79 T5GRIL* HFF
HFF7A T5GR2H* HFF
HFF7B T5GR2L* HFF
HFF7C T5DR1H* HFF
HFF7D T5DRIL* HFF
HFF7E T5DR2H* HFF
HFFTF T5DR2L* HFF
Legend (continued on next page)
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF80 IPU T6CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
H'FF81 Channel 6 T6CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10  H'CO
H'FF82 T6SRH — — — — — OVIE IMIE2 IMIE1 H'F8
H'FF83 T6SRL — — — — — OVF IMF2 IMF1 HF8
H'FF84 T60ER — — — — GOE21 GOE20 GOE1l GOE10 H'00
H'FF85 — — — — — — — — HFF
H'FF86 T6CNTH* H'00
H'FF87 T6CNTL* H'00
H'FF88 T6GR1H* HFF
H'FF89 T6GR1L* HFF
H'FF8A T6GR2H* H'FF
H'FF8B T6GR2L* HFF
HFF8C — — — — — — — — H'FF
H'FF8D — — — — — — — — H'FF
H'FF8E — — — — — — — — HFF
H'FF8F — — — — — — — — HFF
Legend (continued on next page)

IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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Address  Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FF90 IPU T7CRH — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO HCO
H'FFI1 Channel 7 T7CRL — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
H'FF92 T7SRH — — — — — OVIE IMIE2 IMIE1 H'F8
H'FF93 T7SRL — — — — — OVF IMF2 IMF1 HF8
H'FF94 T70ER — — — — GOE21 GOE20 GOE1l GOE10 H'00
H'FF95 — — — — — — — — HFF
H'FF96 T7CNTH* H'00
H'FF97 T7CNTL* H'00
H'FF98 T7GR1H* HFF
H'FF99 T7GR1L* HFF
H'FF9A T7GR2H* HFF
H'FF9B T7GR2L* HFF
HFFIC — — — — — — — — HFF
H'FFID — — — — — — — — HFF
H'FFOE — — — — — — — — HFF
H'FFOF — — — — — — — — HFF
Legend (continued on next page)

IPU:  16-bit integrated timer pulse unit

Note: * These registers support 16-bit access.
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Address ~ Module  Register Bit Names Initial
(low) Name Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Value
H'FFAO MULT* MLTCR CLR SON — — — SIGN MUL MAC H'38
HFFAL MLTBR  — — — — — — — — H00
H'FFA2 MLTAR  — — — — — — — — H'00
H'FFA3 MLTMAR — — — — — — — — H'00
H'FFA4 — — — — — — — — H'FF
H'FFA5 — — — — — — — — HFF
H'FFA6 — — — — — — — — HFF
H'FFA7 — — — — — — — — H'FF
HFFA8 — — — — — — — — HFF
H'FFA9 — — — — — — — — HFF
HFFAA — — — — — — — — H'FF
H'FFAB — — — — — — — — HFF
H'FFAC — — — — — — — — HFF
HFEED — — — — — — — — H'FF
H'FFAE — — — - — — - — H'FF
H'FFAF — — — — — — — — HFF
Legend (continued on next page)

MULT: Multiplier
Note: * MULT is not present in the H8/538. The initial values are H'FF.
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(continued from previous page)

) Bit Names .
Address ~ Module  Register Initial
(low) Name Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Value
H'FFBO MULT* CA H'00
H'FFB1 (CA) H'00
H'FFB2 CB H'00
H'FFB3 (CB) H'00
H'FFB4 ccC H'00
H'FFB5 (CC) H'00
H'FFB6 XH Undeter-
mined
H'FFB7 (XH) Undeter-
mined
HFFB8 H Undeter-
mined
H'FFB9 H) Undeter-
mined
H'FFBA L Undeter-
mined
HFFBB (L) Undeter-
mined
H'FFBC MR H'00
H'FFBD (MR) H'00
H'FFBE MMR H'00
H'FFBF (MMR) H'00

Legend
MULT: Multiplier

Note: * MULT is not present in the H8/538. The initial values are H'FF.
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Appendix D Pin Function Selection

D.1 Port 3 Function Selection

TableD-1 IPU and P3DDR Settings and Selected Functions of P3¢/T10C,

DOE11, 10 (T10ERA)

00

01, 10,11

P3,DDR

0

1

Don't care

Selected function

P3g input port

P3( output port

T10C; output

TableD-2 IPU and P3DDR Settings and Selected Functions of P3;/T10C»

DOEZ21, 20 (T1OERA)

00

01, 10,11

P3;DDR

0

1

Don't care

Selected function

P3, input port

P3; output port

T10C, output

TableD-3 IPU and P3DDR Settings and Selected Functions of P3,/T10C3

DOE31, 30 (TLOERB)

00

01, 10,11

P3,DDR

0

1

Don't care

Selected function

P3, input port

P3, output port

T10C3 output

TableD-4 IPU and P3DDR Settings and Selected Functions of P33/T10C,

DOE41, 40 (TIOERB)

00

01, 10,11

P3;DDR

0

1

Don't care

Selected function

P35 input port

P33 output port

T10C, output

TableD-5 IPU and P3DDR Settings and Selected Functions of P34/T20Cq

DOEL11, 10 (T20ER)

00

01, 10,11

P3,DDR

0

1

Don't care

Selected function

P3, input port

P34 output port

T20C; output

TableD-6 IPU and P3DDR Settings and Selected Functions of P35/T20C,»

DOE21, 20 (T20ER)

00

01, 10,11

P3;DDR

0

1

Don't care

Selected function

P35 input port

P35 output port

T20C, output
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D.2 Port 4 Function Selection

Table D-7 IPU and PADDR Settings and Selected Functions of P4¢/T410C4

GOE11, 10 (T40ER) 00 Don’t care 01, 10, 11
IEG11, 10 (T4CRL) 00 01, 10,11 00
P4,DDR 0 1 0 1 0 1
Selected function P4g input | P4q output| P4q input | P4 output T410C, output
port port port port
T410C, input

Table D-8 IPU and P4ADDR Settings and Selected Functions of P44/T410C,

GOEZ21, 20 (T40ER) 00 Don't care 01, 10, 11
IEG21, 20 (T4CRL) 00 01, 10,11 00
P4,DDR 0 1 0 1 0 1
Selected function P4, input | P4, output | P44 input | P4, output T410C, output
port port port port
T410C; input

TableD-9 IPU and PADDR Settings and Selected Functions of P4,/T510C4

GOEL11, 10 (T50ER) 00 Don't care 01, 10, 11
IEG11, 10 (T5CRL) 00 01, 10, 11 00
P4,DDR 0 1 0 1 0 1
Selected function P4, input | P4, output | P4, input | P4, output T5l0C; output
port port port port
T5I0C; input

Table D-10 1PU and P4DDR Settings and Selected Functions of P45/T510C,

GOEZ21, 20 (T50ER) 00 Don't care 01, 10, 11
IEG21, 20 (T5CRL) 00 01, 10, 11 00
P4,DDR 0 1 0 1 0 1
Selected function P45 input | P43 output| P43 input | P43 output T5I0C, output
port port port port
T5I0C, input
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TableD-11 1PU and P4DDR Settings and Selected Functions of P4,/T610C

GOE11, 10 (T60OER) 00 Don't care 01, 10,11
IEG11, 10 (T6CRL) 00 01, 10, 11 00
P4,DDR 0 1 0 1 0 1
Selected function P4, input | P44 output | P44 input | P44 output T6I0C; output
port port port port
T6I0C, input

TableD-12 1PU and PADDR Settings and Selected Functions of P4g/T6l OC-

GOE21, 20 (T6OER) 00 Don't care 01, 10,11
IEG21, 20 (T6CRL) 00 01, 10,11 00
P4sDDR 0 1 0 1 0 1
Selected function P45 input | P4g output| P4ginput | P4g output T61OC, output
port port port port
T6I0C; input

TableD-13 |IPU and PADDR Settings and Selected Functions of P4g/T710C4

GOEL11, 10 (T70ER) 00 Don't care 01, 10, 11
IEG11, 10 (T7CRL) 00 01, 10, 11 00
P4¢DDR 0 1 0 1 0 1
Selected function P4g input | P4g output | P4g input | P4g output T710C; output
port port port port
T710C; input

TableD-14 |PU and PADDR Settings and Selected Functions of P47/T710C,

GOEZ21, 20 (T70ER) 00 Don't care 01, 10,11
IEG21, 20 (T7CRL) 00 01, 10, 11 00
P4,DDR 0 1 0 1 0 1
Selected function P4 input | P4; output| P47 input | P4, output T710C, output
port port port port
T710C, input
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D.3 Port 5 Function Selection

Table D-15 1PU and P5DDR Settings and Selected Functions of P5g/T110Cq

GOEL11, 10 (T10ERA) 00 Don’t care 01, 10, 11
IEG11, 10 (T1CRAL) 00 01, 10, 11 00
P5oDDR 0 1 0 1 0 1
Selected function P5p input | P5¢ output | P5q input | P5¢ output T110C, output
port port port port
T110C, input

TableD-16 1PU and P5DDR Settings and Selected Functions of P5,/T110C»

GOE21, 20 (TLOERA) 00 Don'’t care 01, 10, 11
IEG21, 20 (T1CRAL) 00 01, 10, 11 00
P5,DDR 0 1 0 1 0 1
Selected function P5, input | P5; output| P5; input | P5; output T110C, output
port port port port
T110C, input

TableD-17 |PU and P5DDR Settings and Selected Functions of P5,/T11OC3

GOE31, 30 (TIOERB) 00 Don't care 01, 10, 11
IEG31, 30 (T1CRB) 00 01, 10, 11 00
P5,DDR 0 1 0 1 0 1
Selected function P5, input | P5, output| P5, input | P5, output T110C3 output
port port port port
T1IOC3 input

TableD-18 1PU and P5DDR Settings and Selected Functions of P53/T110C,4

GOEA41, 40 (T10ERA) 00 Don'’t care 01, 10, 11
IEG41, 40 (T1CRB) 00 01, 10, 11 00
P5;DDR 0 1 0 1 0 1
Selected function P53 input | P53 output | P53 input | P53 output T1I0C4 output
port port port port
T1IOC, input
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Table D-19 |1PU and P5DDR Settings and Selected Functions of P5,/T210C4

GOEL11, 10 (T20ER) 00 Don’t care 01, 10,11
IEG11, 10 (T2CRL) 00 01, 10, 11 00
P5,DDR 0 1 0 1 0 1
Selected function P54 input | P54 output | P54 input | P54 output T210C, output
port port port port
T2I0C, input

Table D-20 1PU and P5DDR Settings and Selected Functions of P55/T210C,

GOEZ21, 20 (T20ER) 00 Don't care 01, 10,11
IEG21, 20 (T2CRL) 00 01, 10,11 00
P5sDDR 0 1 0 1 0 1
Selected function P55 input | P55 output| P55 input | P55 output T210C, output
port port port port
T2I0C; input

TableD-21 1PU and P5DDR Settings and Selected Functions of P5g/T310C

GOEL11, 10 (T30ER) 00 Don't care 01, 10, 11
IEG11, 10 (T3CRL) 00 01, 10, 11 00
P5¢DDR 0 1 0 1 0 1
Selected function P5g input | P5¢ output | P5¢ input | P5¢ output T3I0C, output
port port port port
T3I0C; input

Table D-22 1PU and P5DDR Settings and Selected Functions of P57/T310C,

GOEZ21, 20 (T30ER) 00 Don't care 01, 10, 11
IEG21, 20 (T3CRL) 00 01, 10, 11 00
P5,DDR 0 1 0 1 0 1
Selected function P57 input | P57 output| P57 input | P5; output T3IOC, output
port port port port
T3I0C, input
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D.4 Port 6 Function Selection

TableD-23 P67CR, PWM3, IRQCR, and P6DDR Settings and Selected Functions
of P6o/IRQ,/PW 5 (H8/539)

PW3E (P67CR) 0 1
OE (TCR: PWM3) * 1
IRQ,E (IRQCR) 0 1 0 1 0 1
P6,DDR 0 1 0 1 0 1 0 1 0 1 0 1
Selected function | P6, |P6y | IRQ,input | P6y |P6y | IRQyinput | PW3output | PWs output
input |output P6, |P6, input |output P6, |P6, _and IRQ,
port - port input |output port - port input |output Input
port |port port |port
Note: Settings when PW3E = 0 applies in the H8/538.
Table D-24 IRQCR and P6DDR Settings and Selected Functions of P6;/IRQ3
IRQ3E (IRQCR) 0 1
0 1 0 1

P6,DDR

Selected function

P64 input port

P6, output port

P61 input port

P6, output port

IRQj3 input

Table D-25 1PU and P6DDR Settings and Selected Functions of P6,/TCLK ¢

TPSC3-0 (TCRH)

0000-1100, 1110, 1111

1101

P6,DDR

0

1

0

1

Selected function

P6, input port

P6, output port

P6, input port

P6, output port

TCLKj input

Table D-26 1PU and P6DDR Settings and Selected Functions of P63/TCLK

TPSC3-0 (TCRH)

0000-1101, 1111

1110

P63DDR

0

1

0

1

Selected function

P65 input port

P63 output port

P65 input port

P63 output port

TCLK; input
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TableD-27 1PU and P6DDR Settings and Selected Functions of P64/TCLK 3

TPSC3-0 (TCRH)

0000-1110

1111

P6,DDR

0

1

0 1

Selected function

P6, input port

P6, output port

P6, input port

P64 output port

TCLK3 input

D.5 Port 7 Function Selection

TableD-28 IRQCR and P7DDR Settings and Selected Functions of P7g/IRQq

IRQOE (IRQCR) 0 1

P7,DDR 0 1 0 1

Selected function P7q input port | P7q output port | P7qinput port | P74 output port
IRQq input

TableD-29 IRQCR, A/D Converter, and P7DDR Settings and Selected Functions
of P74/IRQ{/ADTRG

TRGE (ADCR: A/D) 0 1 1
IRQ1E (IRQCR) 1 0 1
P7,DDR 0 1 0 1 0 1 0 1
Selected function *1 *2 *1 *2 *1 *2 *1 *2
IRQ, input ADTRG input | IRQ; and
ADTRG input

Notes: 1. P74 input port
2. P74 output port

Table D-30 SClland P7DDR Settings and Selected Functions of P75/TXD1

TE (SCR: SCI1)

P7,DDR

0

1

Selected function

P7, input port

P7, output port

TXD; output
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Table D-31 SCl1and P7DDR Settings and Selected Functions of P75/RXDq

RE (SCR: SCI1) 0 1
P7,DDR 0 1 0 | 1
Selected function P73 input port | P75 output port RXD; input
Table D-32 SCI2 and P7DDR Settings and Selected Functions of P74/TXD»
TE (SCR: SCI2) 0 1
P7,DDR 0 1 0 | 1
Selected function P7, input port | P7, output port TXD, output
TableD-33 SCI2 and P7DDR Settings and Selected Functions of P75/RXD»
RE (SCR: SCI2) 0 1
P7sDDR 0 1 0 | 1
Selected function P75 input port | P75 output port RXD, input
Table D-34 P67CR, PWM1, SCI1, and P7DDR Settings and Selected Functions of
P7¢/SCK 1/PW 4 (H8/539)
PW1E (P67CR) 0 1
OE (TCR: PWM1) * 0 1
CIA (SMR: SCI1) 0 1 * *
CKE1 (SMR: SCI1) 0 1 0 1 0 1 0 1
CKEO (SMR: SCI1) 0 1 * * * * * * *
P7¢,DDR 0 1 * * * * 0 1 0 1 * *
Selected function P7¢ |P7s |SCK; | SCK; [SCK; | SCK,| P75 |P7q |P7¢ |P7¢ |PW; [PW;
input |output |output | input |output| input | input |output| input |output|output |output
port |port port |port |port |port and
and |and SCK;
SCK; |SCK; input
input |input

Note: Settings when PW1E = 0 applies in the H8/538.
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Table D-35 P67CR, PWM2, SCI2, and P7DDR Settings and Selected Functions of

P7,/SCK ,/PW, (H8/539)
PW2E (P67CR) 0 1
OE (TCR: PWM2) * 1
C/A (SMR: SCI2) 0 1 *
CKE1 (SMR: SCI2) 0 1 0 1 0 1 0 1
CKEO (SMR: SCI2) 0 1 * * * * * * *
P7,DDR 0 1 * * * * 0 1 0 1 * *
Selected function P77 P77 SCKZ SCK2 SCK2 SCK2 P77 P77 P77 P77 PW2 PWZ
input |output |output | input |output | input | input |output | input |output |output |output
port |port port |port |port |port and
and |and SCK,
SCK, |SCK, input
input |input
Note: Settings when PW2E = 0 applies in the H8/538.
D.6 Port A Function Selection
TableD-36 Operating Mode, PACR, IPU, PWM 1, and PADDR Settings, and Selected
Functions of PAy/A1¢/T40C,/PW (H8/539)
Operating mode Modes 1, 2, 6, 7 Mode Mode 4
3or5
PW1E (PACR) 0 1 * 0 1
OE (TCR: PWM1) * 0 1 * 0 1
DOE11, 10 (T40ER) 00 01,10, * * *
11
PA,DDR 0 1 * 0 1 * * 0 1 0 1 *
Selected function PAO PAO T4OCl PAO PAO PWl Alﬁ PAO AlG PAO PAO PWl
input |output |output| input |output|output [address| input |address| input |output|output
port |port port |port bus port |bus port |port

Note: Settings when PW1E = 0 applies in the H8/538.
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Table D-37 Operating Mode, PACR, |PU, PWM 2, and PADDR Settings, and Selected
Functions of PA1/A17/T40C,/PW, (H8/539)

Operating mode Modes 1, 2, 6, 7 Mode Mode 4
3or5

PW2E (PACR) 0 1 * 0 1

OE (TCR: PWM2) * 1 * 1

DOEZ21, 20 (T40ER) 00 01,10, * * *

11

PA;DDR 0 1 * 0 1 * * 0 1 0 1 *

Selected function PAl PAl T4OC2 PAl PAl PWZ A17 PA]_ A17 PAl PAl PWZ
input |output |output | input |output |output |address| input |address| input |output |output
port |port port |port bus port |bus port |port

Note: Settings when PW2E = 0 applies in the H8/538.
Table D-38 Operating Mode, PACR, |PU, PWM 3, and PADDR Settings, and Selected
Functions of PA,/A1g/T50C/PW 3 (H8/539)
Operating mode Modes 1, 2, 6, 7 Mode Mode 4
3or5

PW3E (PACR) 0 1 * 0 1

OE (TCR: PWM3) * 0 1 * * 0 1

DOE11, 10 (T50ER) 00 01,10, * * * * * *

11

PA,DDR 0 1 * 0 1 * * 0 1 0 1 *

Selected function PA2 PA2 TSOC]_ PA2 PA2 PW3 AlS PAZ AlS PA2 PA2 PW3
input |output |output | input |output |output |address| input |address| input |output |output
port |port port |port bus port |bus port |port

Note: Settings when PW3E = 0 applies in the H8/538.
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Table D-39 (1) Operating Mode, PACR, IPU, SCI3, and PADDR Settings, and Selected
Functions of PA3/A19/T50C,/SCK 3 (H8/539)

Operating mode Modes 1, 2, 6, 7 Mode 3
or5
SCKS3E (PACR) 0 1 *
C/A (SMR: SCI3) * 0 *
CKEL1 (SMR: SCI3) * 0 1 *
CKEOQ (SMR: SCI3) * 0 1 0 1 *
DOE11, 10 (T50ER) 00 01, 10, * * * * *
11
PA;DDR 0 1 * 0 1 * * * *
Selected function PA3 PA3 T50C2 PA3 PA3 SCK3 SCK3 SCK3 A19
input output | output input | output | output input input | address
port port port port bus

Note: Settings when SCK3E = 0 applies in the H8/538.

Table D-39 (2) Operating Mode, PACR, IPU, SCI3, and PADDR Settings, and Selected
Functions of PA3/A19/T50C,/SCK 5 (H8/539)

Operating mode Mode 4
SCK3E (PACR) 0
C/A (SMR: SCI3) * 0
CKEL1 (SMR: SCI3) * 0
CKEO (SMR: SCI3) * 0 1 0 1
CKEL11, 10 (T50ER) * * * * *
PA3DDR 0 1 0 1 * * *
Selected function PAginput | A PAz input | PA3 output SCK3 SCKj3 SCK3
port address | port port output input input
bus
Note: Settings when SCK3E = 0 applies in the H8/538.
Table D-40 Operating Mode, WCR and PADDR Settings, and Selected Functions
of PAYWAIT
Operating Mode Modes 1to 6 Mode 7
WMS1 (WCR) 1 Don’t care
PA,DDR 0 1 0 1 0 1
Selected function Input | Output |  WAIT input PA, input PA, output
port port port port
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Table D-41 (1) Operating Mode, PACR, BRCR, IPU, SCI 3, and PADDR Settings, and
Selected Functions of PAg/T30C/BREQ/RXD3 (H8/539)

Operating mode Modes 1 to 6

RXD3E (PACR) 0 1 1

RE (SCR: SCI3) * 0 1

BRLE (BRCR) 0 1 0 1 0 1

DOE11, 10 (T30ER) 00 01, 10, * 00 01, 10, * * *

11 11

PA;DDR 0 1 * * 0 1 * * * *

Selected function PAg PAg T30C, | BREQ | PAg PAg T30C; | BREQ | RXD3; | BREQ
input | output | output | input input | output | output | input input | input
port | port port | port and

RXD5
input
Note: Settings when RXD3E = 0 applies in the H8/538.
Table D-41 (2) Operating Mode, PACR, BRCR, IPU, SCI 3, and PADDR Settings, and
Selected Functions of PA5/T30C/BREQ/RXD3 (H8/539)

Operating mode Mode 7

RXD3E (PACR) 0 1

RE (SCR: SCI3) * 0 1

BRLE (BRCR) * * *

DOE11, 10 (T30ER) 00 01, 10, 11 00 01, 10, 11 *

PAsDDR 0 1 * 0 1 * *

Selected function PAg input | PAg output | T30C; PAs input | PA5 output | T30C; RXD3
port port output port port output input

Note: Settings when RXD3E = 0 applies in the H8/538.
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Table D-42 (1) Operating Mode, PACR, BRCR, IPU, SCI 3, and PADDR Settings, and
Selected Functions of PAg/T30C,/BACK/TXD3 (H8/539)

Operating mode Modes 1 to 6

TXD3E (PACR) 0 1 1

TE (SCR: SCI3) * 0 1

BRLE (BRCR) 0 1 0 1 0 1

DOEZ21, 20 (T30ER) 00 01, 10, * 00 01, 10, * * *

11 11

PAsDDR 0 1 * * 0 1 * * * *

Selected function PAg PAg T30C, | BACK | PAg PAg T30C, | BACK | TXD3; | BACK
input | output | output | output | input | output | output | output | output | output
port | port port | port

Note: Settings when TXD3E = 0 applies in the H8/538.

Table D-42 (2) Operating Mode, PACR, BRCR, IPU, SCI 3, and PADDR Settings, and
Selected Functions of PAg/T30C,/BACK/TXD3 (H8/539)

Operating mode Mode 7
TXD3E (PACR) 0 1 1
TE (SCR: SCI3) * 0 1
BRLE (BRCR) * * *
DOEZ21, 20 (T30ER) 00 01, 10, 11 00 01, 10, 11 *
PAsDDR 0 1 * 0 1 * *
Selected function PAg input | PAg output | T30C, PAg input | PAg output | T30C, TXD3
port port output port port output output

Note: Settings when TXD3E = 0 applies in the H8/538.
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Appendix E 1/0 Port Block Diagrams

— Potl —m— —
! G ) : 1 Modes 1to 6
! | ———1 Write to PADDR
1 - —— Write to P1DR
| | — Read P1DR
| f_i :
' — ! {1 Read external
! i address
| CI : < Write to external
_ w address
Read/write - - - ______| ________ '
control <] Reset
AN
CLR
P1nDDR
L —~
wn
,,,,,,,,,,,,,,,, o
| Output multiplexer [a)
! 1 CLR C;
° . : D 2
Pin [ g R 2
| n
: ! [a)
7777777777777777 : CK o
(n=0-7) o)
a
)
ko
©
,,,,,,,,,,,,,,,, ©
| ! E
‘ CL g
: T =
|- Input multiplexer
L~
N

FigureE-1 Port 1 Block Diagram
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— Port 2

control

<1 Mode 1, 3, 4,5,
or6

— Write to P2DDR

—O Write to P2DR
< Read P2DR

<1 Read external
address

Read/write - - - - -

<J Write to external
address

P2nDDR
CK

<J Reset

CLR

(n=0-7)

P2nDR
CK

Internal data bus (PDB8 to PDB15)
Internal data bus (PDBO to PDB7)

FigureE-2 Port 2 Block Diagram
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— Port 3

<J IPU output
enable

— < Write to P3DDR

control

— Write to P3DR
— Read P3DR

< Reset

CLR

Lo D

P3nDDR
CK

[

CLR

P3n

(n=0-5)

Q D

P3nDR
CK

[

Internal data bus (PDB8 to PDB15)

N

— < IPU compare match output

(T10Cy//3/4, T20Cyj0)

FigureE-3 Port 3 Block Diagram
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P4n

— Port 4

<J IPU output
enable

<J IPU input
capture enable

(n=0-7)

L

Port 4 direction .
control T T T T[Tt TTTToo — Write to PADDR
— Write to PADR
—< Read P4DR
<J Reset
CLR
P4nDDR &
CK b
L | a)
o
,,,,,,,,,,,,,,,, o]
' Output multiplexer | ©
I : CLR g
1 ‘ Q O T
| i P4nDR 9
T CK ﬁ
— g
©
£
Q
I ‘ =
;%D e

N

IPU compare match output (T410C,,
T5I0Cy/,, T6IOCy 5, T7I0Cy5)

IPU input capture (T4IOCy,, T510Cy5,

T6IOC, ), T7I0C, )

FigureE-4 Port 4 Block Diagram
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P5n

— Port5

(n=0-7)

| (j > ; <1 IPU output
! | enable
3 : 1 IPU input
. C | |
: ( I : capture enable
Port 5 direction | )
control T T T TTTTTTo — Write to P5SDDR
— Write to P5SDR
— Read P5DR
<] Reset
CLR
L Q D
P5nDDR &
CK o
L £
,,,,,,,,,,,,,,,, o)
' Output multiplexer | ©
I : CLR g
1 ‘ Q D <
1 P5nDR a
b CK =
— 5
©
E
[}
,,,,,,,,,,,,,,, ‘ =
— b ¢
"~ __ Input multiplexer N4

= IPU compare match output
(TLIOCy213/4, T210Cy 5, T3IOCy)5)
IPU input capture

(TLOCy213/4, T210Cy 2, T3IOCy)2)

FigureE-5 Port 5Block Diagram
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P6,

—— H8/539 Port 6

O PW,E

—d Write P6DDR

—
\JO—Q’ .

! — Write P6DR

Port6 direction | —1 Read P6DR

control
<J IRQ, input
enable
&
CLR
P6,DDR —
CK 3
— 2
,,,,,,,,,,,,,,,, i<}
' Output multiplexer | ©
| ‘ CLR Q
1 ‘ Q ° 3
| i P6,DR 4
CK =
— ] |8
©
£
2
,,,,,,,,,,,,,,, ‘ E
;%Dl e

L PW; output

Edge detector
{L Y. [—D IRQyinput

FigureE-6 (a) Port 6 Block Diagram (1) (H8/539)
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P6q

— H8/538 Port 6

<J IRQ, input enable

— Write to P6DDR
— Write to P6DR

L

— Read P6DR
<1 Reset
CLR

Q D
P6nDDR &
CK o
L g
e
e}
CLR a
Q D ()
P6NDR Ei
cK -
g
o
E
[}
E

dge detector

1

N

Y. D IRQ, input

Figure E-6 (b) Port 6 Block Diagram (1) (H8/538)
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P6,

— Port 6

<1 IRQ input enable

(IRQy)

—— Write to PEDDR

— Write to P6DR

< Read P6DR
<{J Reset
CLR
° Q D

P6nDDR &
CK 5'
— 3
]
g
CLR a
< Q D a
P6NDR 3
CK p
_tg
T
£
(]
S

N

Edge detector
L _L HI@nput

(IRQ3)

Figure E-7 Port 6 Block Diagram (2)
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— Port 6

<7 IPU external clock

input enable

— Write to PEDDR
— Write to P6DR

(n=2-4)

/

— Read P6DR
<J Reset
AN
CLR

Q D
P6nNDDR &
cK =
L g
=]
oo}
CLR a
Q D a
P6nDR E
cK po
I g
=
=
Q
=

{L—D IPU external clock input

(TCLKy/2/3)

Figure E-8 Port 6 Block Diagram (3)
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— Port 7

<J IRQq input enable

— Write to P7DDR
— Write to P7TDR
— Read P7DR
<J Reset
AN
CLR
Q D
P7,DDR —~
CK 2
— 2
e
%
CLR a
PT7o < Q D e
P7,DR E
CK po
[N g
©
£
[
£
é O IRQg input

FigureE-9 Port 7 Block Diagram (1)
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P71

— Port7

<] IRQ; input enable

<J ADTRG input enable
— Write to P7TDDR
— Write to P7DR

Edge detector

— Read P7DR
{J Reset
CLR
Q D
P7,DDR &
CK o
L 8
IS
[oe]
CLR a
< Q D S
P7,DR Ei
CK -
[ 5
@
<
[7]
=
N
T:Di IRQ; input
ADTRG input

FigureE-10 Port 7 Block Diagram (2)
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P7n

— Port 7

Port 7 direction
control

<] SCI transmit
enable

,,,,,,,,,,,,,,, — Write to P7DDR

— Write to P7DR
— Read P7DR

CLR

< Reset

P7nDDR

CK

CLR

(n=2,4)

P7nDR
CK

Internal data bus (PDB8 to PDB15)

(TXDy4, TXD,)

—J SCI transmit data output

FigureE-11 Port 7 Block Diagram (3)

676




P7n

— Port 7

Port 7 direction
control

<] SCI receive
enable

,,,,,,,,,,,,,,, — Write to P7TDDR

— Write to P7DR

(n=3,5)

L

—< Read P7DR
<J Reset
CLR
7Q D

P7nDDR .
CK )
I a)
o
o
[e)
CLR 8
Q D a
P7nDR 9
CK ﬁ
—J |E
©
£
I
=

{$—D SClI receive data input

(RXD;, RXDy)

FigureE-12 Port 7 Block Diagram (4)
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— H8/539 Port 7

Port 7 direction
control

] SClI serial clock

input enable

SCI serial clock
output enable

31 PWM enable

e ats

PWM output enable
— P7DDR write
— P7DR write
—J P7DR read

CLR

Output

Q D
P7nDDR
CK

{7 Reset

N

CLR

P7n

(n=6,7)

P7nDR
CK

Internal data bus (PDB8 to PDB15)

\Van

<] SCI serial clock output

(SCK1, SCK2)

L1 PWM output (PW;, PW,)

{$—G SCI serial clock input

(SCKy, SCKy)

FigureE-13 (a) Port 7 Block Diagram (5) (H8/539)
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P7n

— H8/538 Port 7

—1 SCI serial clock output
enable

<1 SCI serial clock input

(n=6,7)

( b enable
Port 7 direction .
control T T T T[Tt — Write to P7DDR
— Write to P7DR
—< Read P7DR
< Reset
AN
CLR
L Q D
P7nDDR &
CK 2
— 2
77777777777777777 o]
' Output multiplexer ! ©
I CLR 003
3 3 Q b e
| | P7nDR 9
bommmmm oo ' CK ﬁ
—— | |z
©
£
Q
,,,,,,,,,,,,,,, ‘ E
:%Dl e

< SCI serial clock output
(SCK4, SCKy)
SCI serial clock input

(SCK;, SCKy)

FigureE-13 (b) Port 7 Block Diagram (5) (H8/538)
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Port 8

< A/D converter
input sampling

<7 Read P8DR

< Internal data bus (PDB8 to PDBlS)>

1> {5 A/D converter analog input
(ANg to AN7)

q
P8n N >
(n=0-3)
'f/ O A/D converter analog input
(ANB to ANll)
FigureE-14 Port 8 Block Diagram
Port 9
<7 A/D converter
input sampling
<J Read P9DR
AN
o
—
0
a
a
8
! &
Pon %':D % g
2
(n=0-7) %
©
<
c
8
k=
N

FigureE-15 Port 9 Block Diagram
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H8/539 Port A

<1 Mode 1, 2,6,0r 7
<7 Mode 4

<1 Mode 3or5

Port A direction p
control

pEi=

<J Software standby mode

Bus released

IPU output enable

(T40C,),, T50C;)
PWM enable
PWM output enable

— PADDR write

PAnN

(n=0-2)

b1 Output |
) multiplexer

— PADR write
— PADR read
<7 Reset
AN\
CLR
PANDDR —
CK g
. I <
: o
! = |e
| 2 e
: CLR el |2
1 Q D =] o
1 PANDR g |2
CK E 0
] e 3
3 3
S| |8
‘ sl | &
| ; ] 2
o [
| 1% o -
| =S

< IPU compare match output
(T40Cy),, T50C;)

—C PWM output (PW4/53)

Figure E-16 (@) Port A Block Diagram (1) (H8/539)
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PA;

— H8/539 Port A

<J Mode 4
<J Mode 3 or5

Port A direction P
control

R

i

|
|
|
|
|
|
| -
|
|
|
|
|
|

Bus released

IPU output enable

(T40Cy),, T50C,)
‘ PWM enable
PWM output enable

—3 PADDR write
— PADR write

I Output
) multiplexer

'-=-Input multiplexér

— PADR read
<J Reset
CLR

PANDDR —

CK %

[— <

: o
! © e
: B| |5
; CLR el |2
1 Q D 2 o
1 PANDR 2 2
w CK 2 »
| - 2| |8
3 3

e 3

S| |

© I}

c =

1 5 =

E

— IPU compare match output

(T40C4)5, T50C,)

— PWM output (PW4y5/3)

Figure E-16 (b) Port A Block Diagram (1) (H8/539)
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— H8/538 Port A

| — 1 Mode 1, 2, 6, or 7
; B |
} i <J Mode 3 or5
P : 1 Mode 4
} t ( 8 i <] Software standby mode
: C 1 1 LCI Bus released
! —O——e !
! 1 - <] IPU output enable
! 1 (T4OCyjp, TSOCy2)
' Port A direction i .
control - Ao - —d Write to PADDR
— Write to PADR
—d Read PADR
<] Reset
CLR
PANDDR 5
=] CK 2
RN - - L <
I I o
| | %) 2
| | 1BE
PAN <] : | CLR a <
! ‘ PANDR 2l |2
(n=0-3) ! output | CcK 21 |9
| multiplexer; I e o
””””””””” 5 3
| |B
777777777777777 ‘ gl |z
i >
e gl |2
7 ) -
| £
'=--Input multiplexer

) VAV

—J IPU compare match output
(T40Cyqp, T50C1)5)

Figure E-16 (c) Port A Block Diagram (1) (H8/538)
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PA,

— Port A

- Port A direction-------F--------
control

1 ClQ ; i <] WAIT input enable

— Write to PADDR

— Write to PADR
— Read PADR

CLR

<J Reset

Q D

PA,DDR
CK

CLR

PA,DR
CK

Internal data bus (PDB8 to PDB15)

-~ Input multiplexe

& D WAIT input

Figure E-17 Port A Block Diagram (2)
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— H8/539 Port A

<] Modes 1to 6
<7 Bus release enable

IPU output enable (T30C1)
RXD3 enable
RXD3 input enable

_ Port A direction ! —3 Write to PADDR

control —d Write to PADR
< Read PADR

<] Reset
AN
CLR
L Q D
PAsDDR
CK
L |

e

| CK
Output |
””” multiplexer '

| CLR
PAg <] : o !% Q D
! PAsDR

Internal data bus (PDB8 to PDB15)

NS
>

|
I
|
i
I
|
'~~~ Input multiplexer

1 IPU compare match output
(T30C,)

BREQ input

Figure E-18 (@) Port A Block Diagram (3) (H8/539)
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PAg

— H8/538 Port A

{7 Modes 1to 6

{1 Bus release enable

_ Port A direction
control

<7 IPU output enable
(T30C,)

—d Write to PADDR
— Write to PADR
— Read PADR

CLR

< Reset

Q D
PAsDDR
CK

[

Ruse

Output
multiplexer

CLR

Q D

PAsDR
CK

|

Internal data bus (PDB8 to PDB15)

NS
1%

|
-~~~ Input multiplexer

(T30Cy)

{$—D BREQ input

N

—CJ IPU compare match output

Figure E-18 (b) Port A Block Diagram (3) (H8/538)
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— H8/539 Port A

| s : <J Modes 1 to 6
| — : <] Bus release enable
L 3
8 |
1 @7—0 |
. _PortAdirection | | | 1
control || IPU output enable (T30C,)
TXD3 enable
TXD83 output enable
—d Write to PADDR
—d Write to PADR
— Read PADR
<] Reset
AN
CLR
[ Q D
PAGDDR
[ K @
Ay \; S
! o
, o
| e
| 2
PAG <] : : QCLR 5 )
PADR 9
| = cK F
' | Output multiplexer ! | =
[ A S
©
IS
777777777777777 Q
' | - <
;‘—E—@ | l/
'-=-Input multiplexér

—J BACK output

——J IPU compare match output
(T30C,)

—J TXD; output

FigureE-19 (@) Port A Block Diagram (4) (H8/539)
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— H8/538 Port A

| 1 : <] Modes 1 to 6
i —t ; < Bus release enable
. O !
: : < IPU output enable
! 1 (T30Cy)
; B—; |
| ! — Write to PADDR
__PortAdirecton ________| _______ 1 —— Write to PADR
control
— Read PADR
<J Reset
AN
CLR
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| | o
| | e
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777777777777777 multiplexer by
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—J BACK output
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(T30C,)

Figure E-19 (b) Port A Block Diagram (4) (H8/538)
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< Mode 2 or 4
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FigureE-20 Port B Block Diagram




PCn

— Port C

<{J Mode 1, 3,5,0r6

<] Software standby
mode

<J Mode 2 or 4

G;—¢

Port C direction
control

i —— 1 Bus released

<1 Mode 7

< Write to PBCPCR
—d Write to PCDDR
— Write to PCDR
—< Read PCDR

<J Reset
AN

o [

PCnPCR
”””””””””” CK

CLR
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CK

(n=0-7)

G%:;CLR
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1 | Output multiplexer | CK

Internal address bus (AO to A7)

Internal data bus (PDB8 to PDB15)

FigureE-21 Port C Block Diagram
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F.1 H8/538

Appendix F Memory Maps

Expanded Minimum Modes

Modes 1 and 6 Mode 2
H'0000 H'0000
HooFF | Vectortable | HooFF | Vectortable |
H'0100 H'0100
On-chip ROM
External (60 kbytes)
address space
HEE7F
H'EE80 External
H'F67F H'F67F | address space
H'F680 On-chip RAM H'F680 On-chip RAM
HEE7E (2 kbytes) H'EE7E (2 kbytes)
H'FE80 |On-chip registers H'FE8O | On-chip registers
(384 bytes) (384 bytes)
H'FFFF H'FFFF
Expanded Maximum Modes Single-Chip Mode
Modes 3 and 5 Mode 4 Mode 7
H'00000 S H'00000 T H'0000
HOOLFF | Vectortable HOOLFF | Vector table | R R
H'00200 H'00200 H'0100
) On-chip ROM
On-chip ROM (60 kbytes)
External (60 kbytes)
address space
P Page 0 H'ODEEE Page 0 H'EE7F
' H'EE80
H'OEO00 | Eytemal address
H'OF67F H'OF67F space HF67F
H'0F680 On-chip RAM H'0F680 On-chip RAM H'F680 Or&c&i)p R/—\)M
. tes
H'OFETE (2 kbytes) HOEETE (2 kbytes) ﬂEE;g : y .
H'OFE80 |On-chip registers H'OFE80 |On-chip registers On-chip registers
\ 384 bytes
H'OFFFF (384 bytes) BB H'OFFEF (384 bytes) v H'EEFE ( Y )
H'010000 H'010000
External External
address space Page 1 address space |Pagel
H'1FFFF H'1FFFF l
H20000 [~~~ . H'20000 [~~~ by
Pages Pages
2to0 15 2to 15
H'FFFFF Y| HFFFFF
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F.2 H8/539

Expanded Minimum Modes

Modes 1 and 6 Mode 2
H'0000 H0000
HooFF | Vectortable | HooFF | Vectortable |
H'0100 H'0100
On-chip ROM
External (16 kbytes)
address space
H'3FFF
H'4000 External
H'EET7F H'EE7F | address space
H'EES0 On-chip RAM H'EES0 On-chip RAM
H'EETE (4 kbytes) H'EETE (4 kbytes)
H'FE8O |On-chip registers H'FE80 |On-chip registers
(384 bytes) (384 bytes)
H'FFFF H'FFFF
Expanded Maximum Modes Single-Chip Mode
Modes 3 and 5 Mode 4 Mode 7
H'00000 — H'00000 __ H'00000
H'001FF Vector table
Hoo1FF | Veclortable | Hoo1FF | Veclortable | H00200 |77~~~
H'00200 H'00200 Hosree | On-ehip ROM
H'04000 (16 kbytes)
On-chip ROM
External (16 kbytes) H'OEE7F hi
address space HoEES0 | ©On-chip RAM
Page 0 | osrFF Page 0 HorETE | (4Kbytes)
H'04000 ,

) HOEETF Exterr;alaitidress H'OFE80 On-chip registers
HIOEE7F el p H'OEFFF (384 bytes)
HOEES0 On-chip RAM On-chip RAM '

H'10000 :
(4 kbytes) (4 kbytes) On-chip ROM
H'OFE7F H'OFE7F (64 kbytes)

: — . H'1FFFF v
H'OFE80 |On-chip registers H'OFE80 |On-chip registers 120000 -

. (384 bytes) HOFEEE | (384 bytes) On-chip ROM
HOFFFF X . X (64 kbytes)
H'10000 H'10000 ) H'2FFEF

External On-chip ROM
Page 1
address space g (64 kbytes) | Pagel
HIFFFF| | R e v
H'20000 On-chip ROM
(64 kbytes)
Pages | H2FFFF Pages
2to 15 | H'3FFFF 2to 15
External
address space
H'FFFFF Y| HFFFFF x
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Appendix G Pin States

G.1 Statesof I/O Ports

TableG-1 Statesof 1/O Ports

Program

Execution
Hardware Software Bus Mode
Standby Standby Sleep  Release (normal

Pin Name Mode Reset Mode Mode Mode  Mode operation)

[ — Clock T H Clock  Clock Clock

output output  output output

RD, AS, 1-6 H T T H T RD, AS,

HWR, LWR HWR, LWR

7 T T T T T —

P1,-P1, 1-6 T T T T T D15-Dg

7 keep keep keep I/O port
P2,-P2, 1,356 T T T T T D;-Dg
2,7 keep keep keep I/O port

P35-P3, 1-7 T T keep*1 keep keep I/O port

P4,—P4,

P5,—P5q

P6,—P6q

P7,-P7,

P8,—P8, 1-7 T T T T T Input port

P9,—P9,

PAg—PA, 1-7 T T keep*2 keep*3 keep™4 I/O port or
control
input/output

PAz—PAq 3,5 L T T L T Aro—A1s

1,2,4,6,7 T keep*l keep keep I/O port

PB,—PBg 1,3,5,6 L T T L T Ais—Ag

PC7—PCo 2,4,7 T keep keep keep I/O port

Legend

H: High, L: Low, T: High-impedance state
keep: Input pins are in the high-impedance state; output pins maintain their previous state.

Notes: 1. The on-chip supporting modules are reset, so these pins become input or output pins
according to their DDR and DR bits.
2. If PA5 is set for BACK output, it goes to the high-impedance state.

3. BREQ can be received, and BACK is high.
4. BACK is low.
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G.2 Pin States at Reset

(1) Modes 1 and 6: Figure G-1 isatiming diagram for the case in which RES goes low during
three-state accessin mode 1 or 6. As soon as RES goes low, all ports are initialized to the input
state. AS, RD, LWR, and HWR go high, and D5 to D go to the high-impedance state. A5 to
Ag areinitialized to the low state 1.5 system clock cycles (1.5) after the low level of RES is
sampled.

‘ RES is sampled here ‘

-——— 3-state external access ———

s IR
Aus-Ao ) . V"< +ioo0o

High impedance

v}
=
(J'||
O
o
N
N~—1
N~—1
N~—1
N~1
N~—1
|
N~—1
N~—1
|
N~—1

High impedance

I/O ports

Al JaT | | T

a—— 1.5 —»

Figure G-1 Reset during Three-State Access (modes 1 and 6)
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(2) Mode 2: Figure G-2 isatiming diagram for the case in which RES goes low during three-
state accessin mode 2. As soon as RES goes low, all ports areinitialized to the input state. AS,
RD, LWR, and HWR go high, and D;5 to Dg go to the high-impedance state. A;5to Agare
initialized as soon as RES goes low, and become input ports.

) RES is sampled here ‘

-———— 3-state external access ———»

T1 T2 T3

=/ /N

RES

Internal reset

signal

High impedance
A15—Ag
AS,RD
HWR

High impedance
D15-Dg

High impedance
I/O ports

Figure G-2 Reset during Three-State Access (mode 2)

695



(3) Modes3and 5: Figure G-3 isatiming diagram for the case in which RES goes low during
three-state access in mode 3 or 5. As soon as RES goes low, all ports are initialized to the input
state. AS, RD, LWR, and HWR go high, and D5 to Dy go to the high-impedance state. A ;g to
Ag areinitialized to the low state 1.5 system clock cycles (1.5) after the low level of RES is
sampled.

‘ RES is sampled here ‘

«——— 3-state external aCCeSSH
Ty T2
o /o ‘ \

RES

Internal reset
signal

Ago—Ao s H'0000

~

S \ /

High impedance

D1s5—Do

N
N~—1
N~—1
N~
N~—1
N~1
e~
N~—1
N~—1
e~
N~1

High impedance

1/0 ports

N O Pl I

la—— 1.5 —»

Figure G-3 Reset during Three-State Access (modes 3 and 5)
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(4) Mode4: Figure G-4 isatiming diagram for the case in which RES goes low during three-
state accessin mode 4. As soon as RES goes low, al ports are initialized to the input state. AS,
RD, LWR, and HWR go high, and D;5 to D go to the high-impedance state. A;gto Agare
initialized as soon as RES goes low, and become input ports.

) RES is sampled here ‘

~+——— 3-state external access ———»
T1 T2 T3

° [\ N\

RES

Internal reset

signal

High impedance
A1g-Ao >1
AS, RD
LWR, HWR

High impedance
D15-Do

High impedance
1/0O ports

Figure G-4 Reset during Three-State Access (mode 4)
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(5) Mode 7: Figure G-5isatiming diagram for the case in which RES goeslow inmode 7. As
soon as RES goes low, all ports are initialized to the input state.

RES is sampled here ‘

J

RES

Internal reset
signal

High impedance

1/0 ports

R

Figure G-5 Resetting of 1/0 Ports(mode 7)
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Appendix H Package Dimensions

Figure H-1 shows the FP-112 package dimensions of the H8/538 and H8/539.

Unit: mm

FigureH-1 Package Dimensions (FP-112)
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