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Preface

Introduction

The HMCS43X X Family of 4-bit microcomputers are built around the HMCS400 CPU core,
which has a powerful architecture designed for efficient programming. All of these
microcomputers include standard on-chip peripheral functions, including a multiple input channel
A/D converter, aseria interface, and multi-function timers.

The peripheral functions are developed individually as modules, and connected using a standard
interface.

This manual describes six product series in the HMCS43X X Family: the HD404344R,

HD404394, HD404318, HD404358, HD404358R, HD404339, and HD404369 series. The
products in these series form a fine-grained product line in which products are differentiated by
their memory capacities, medium and high voltage pins, high current pins, low power modes,
normal vs. high-speed versions, and other aspects. This allows an appropriate microcomputer to be
selected for awide range of applications.

All members of the HMCS4A3X X Family are available in both ROM and PROM (ZTAT™)
versions. PROM versions can be programmed freely by the user with a general purpose PROM
writer.

Note: ZTAT™ isaregistered trademark of Hitachi, Ltd.



Manual Layout

The microcomputers in the HMCS43X X family differ in their memory capacities and peripheral
functions. This table provides an overview of the differences between these products as they relate
to the structure of this manual. Use this table to determine which sections are relevant to the
product(s) of interest.

HD404358/
HD404344R HD404394 HD404318 HD404358R HD404339 HD404369
Organization Series Series Series Series Series Series
Section 1: Overview Provides a brief overview @ [ ] [ ] ([ ] [ ] [ ]
of the features of the
HMCS43XX Family.
Section 2:  Memory These sections descrie @ [ ] [ ] [ ] [ [
Section 3: CPU .the. HMCS400 CPUand o [ J ([ J [ J [ J [ J
its internal states.
Section 4: Exception ] [ J [ J [ J [ J [ J
Handling
Section 5:  Low Power [ ] ] [ ] [ — —
Modes
Section 6:  Low Power — — — — [ J [ J
Modes
Section 7:  1/O Ports These sections describe @ [ ] [ ] [ ] [ ] [
. the peripheral functions
Section 8: 1/0 Ports — [ ] — — — _
used in the HMCS43XX
Section 9: 1/O Ports Family. Note that the — — (] — — —
- - peripheral functions
Section 10: 1/O Ports actually present differ — — — [ — —
Section 11: 1/O Ports between product series. _ . _ PS .
Section 12: 1/0O Ports — — — — _ [ )
Section 13: Oscillator [ J ([ J ([ J o — —
Circuits
Section 14: Oscillator — — — — [ J [ J
Circuits
Section 15: A/D ] ] ) () o [
converter
Section 16: Prescaler [ ] [ ] () o [ [
Section 17: Timer A — — ([ J [ J [ J [ J
Section 18: Timer B [ J [ J [ J [ J [ J o
Section 19: Timer C ([ J ([ J ([ J [ J o o
Section 20: Serial ® [ ] [ ] [ [ [
Interface
Section 21: Alarm Output — — (] [ J o o
Section 22: ROM ([ J ([ J ([ J [ J [ J [ J

Section 23: RAM ([ J ([ J ([ J [ J [ J [ J




HD404358/
HD404344R HD404394 HD404318 HD404358R HD404339 HD404369

Organization Series Series Series Series Series Series
Section 24: Application Describes the use of the @ L J ® L] L] L
Examples A/D converter and timer

B. Refer to this section
when developing software
for any of these products.

Section 25: Electrical [ ] ] [ ] [ [ o
Characteristics

Appendices ] [ J [ J [ J [ J [ J

Note on How to Use this Manual

Either <series name(s)> or <All Products> is printed at the top of each page in this manual to
indicate that the page refers to one or more specific series or to all products, respectively. Since
the peripheral functions actually present differ between products, careis required when reading
this manual. Differences between products are specified in notes and by shading.

This manual describes seven product series, the HD404344R, HD404394, HD404318, HD404358,
HD404358R, HD404339, and HD404369 series. To use this manual as the manual for a particular
product be sure to read both the chapters that pertain to all products as well as the chaptersthat are
related to the product being used.



Function Overview

HD404344R HD404394  HD404318 HD404358 HD404358R HD404339 HD404369

Item Series Series Series Series Series Series Series
ROM Capacity Mask ROM  Mask ROM Mask ROM Mask ROM Mask ROM  Mask ROM  Mask ROM
(words) 1/2/4 k 1/2/14 k 4/6/8 k 4/6/8 k 4/6/8 k 4/6/8/12/16 k 4/8/12/16 k
ZTAT™ ZTAT™ ZTAT™ ZTAT™ ZTAT™ ZTAT™ ZTAT™
4k 4k 8k 16 k 16 k 16 k 16 k
RAM Capacity 256 256 384 384 512 512 512
(digits) (Mask ROM)/
512
(ZTAT™)
1/10 Pins 22 21 34 34 34 54 54
Medium — 3 — 4 — — 8
voltage pins
High voltage — — 22 — — 31 —
pins (of which one (of which one
is input-only) is input-only)
10 — — — 20 — —
Interrupts  Priority High INT, INT, INT, INT, INT, INT, INT,
— - INT, INT, INT, INT, INT,
— — Timer A Timer A Timer A Timer A Timer A
Timer B Timer B Timer B Timer B Timer B Timer B Timer B
Timer C Timer C Timer C Timer C Timer C Timer C Timer C
A/D A/ID A/D A/ID A/D A/D A/ID
Low Serial Serial Serial Serial Serial Serial Serial
Serial Pins 1 1 1 1 1 1 1
interface
Clock Prescaler Prescaler Prescaler Prescaler Prescaler Prescaler Prescaler

selection output divided output divided output divided output divided output divided output divided output divided
by 2 or4 by 2or4 by 2 or4 by 2or4 by 2 or4 by 2 or4 by 2or4

Idle control  Yes Yes Yes Yes Yes Yes Yes

Start STS STS STS STS STS STS STS

instruction  instruction instruction instruction instruction instruction instruction instruction
AID Channels 4 3 8 8 8 12 12
converter | o Yes Yes Yes Yes Yes Yes Yes

V . pin — Built-in — — — — —

Note: * Under development



HD404344R HD404394 HD404318 HD404358 HD404358R HD404339 HD404369
Item Series Series Series Series Series Series Series
Alarm output — — On-chip On-chip On-chip On-chip On-chip
System  Oscillator ~ Ceramic, Ceramic, Crystal, Crystal, Crystal, Crystal, Crystal,
clock external, external ceramic, ceramic, ceramic, CR, ceramic, ceramic,
oscillator CR external external external external external
Frequency 0.4to 0.4to 0.4 to 0.4 to 0.4 to 0.4 to 0.4 to
4.5 MHz 4.5 MHz 4.5 MHz 5.0 MHz 5.0 MHz 4.5 MHz 5.0 MHz
1.0to (5 MHz (5 MHz (5 MHz
3.5 MHz versions) versions) versions)
(CR versions) 0.4to 0.4to 0.4to
8.5 MHz 8.5 MHz 8.5 MHz
(8.5 MHz (8.5 MHz (8.5 MHz
versions) versions) versions)
1.0to
3.5 MHz
(CR versions)
Divisor 4 4 4 4 4 4/8/16/32 4/8/16/32
(software (software
selectable)  selectable)
Sub- Frequency — — — — — 32 kHz 32 kHz
Slysfm Divisor ~ — — — — — 418 4/8
¢ OC.” t (software (software
oscillator selectable) selectable)
Stopping in  — — — — — Yes Yes
stop mode
Low Watch — — — — — Yes Yes
power mode
modes Subactive  — — — — — Yes Yes
mode
Standby Yes Yes Yes Yes Yes Yes Yes
mode
Stop mode Yes Yes Yes Yes Yes Yes Yes
Direct return to active = — — — — — Yes Yes

mode from subactive
mode




Timer Function Overview

HD404344R/ HD404318/
HD404394 HD404358/ HD404339/
Series HD404358R Series HD404369 Series
Item B C A B C A B C
Timer  Prescaler S O O O O O O O O
Prescaler W — — — — — O — —
External event input O — — O — — O —
(falling edge, rising
edge, or double edge)
Free-running timer O O O O O O O O
Time base — — — — — O — —
Event counter O — — O — — O —
Reload O O — O O — O O
Watchdog — O — — O — — O
PWM - 0O - - 0 = = 0

Input capture —

I
I
O
I
I
O
I
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Section 1 Overview

1.1 Overview

The productsin the HMCS43X X Family are 4-bit microcomputers that include an on-chip A/D
converter with multiple input channels. The HMCS43X X Family encompasses an extensive
product line of microcomputers that include an on-chip A/D converter in packages with from 28 to
64 pins. Figure 1-1 shows the structure of the HMCS43X X Family.

ZTAT™ HD407A4369 HD404369 Series

Twelve A/D converter channels
Medium voltage pins provided

64 pins [
General-purpose HD404364/8/12/9 )

( HD40A4364/8/12/9 )

™ ( )
42 pins ZTAT HD407A4359

HD404354/6/8

HD404358 Series
Eight A/D converter channels
Medium voltage pins provided

(_ HD40A4354/6/8 )

ZTAT™( HD407A4359R

HDA40TC4350R } HDA404355R Series

HD404354R/6R/8R ) Eight A/D converter channels
(HD40A4354R/6R/8R> NMOS high current pins provided
(HD40C4354R/6R/8R)

ZTAT™( HD4074344 )

HD404341R/2R/4R )
(HD40C4341R/2R/4R )

HD404344R Series
Four A/D converter channels
NMOS high current pins provided

HD404394 Series
Three A/D converter channels
Medium voltage pins provided

HD4074394
HD404391/2/4

ZzTAT™( HD4074339 HD404339 Series

64 pins
Fluorescent display P ( HD404334/6/8/12/9 ) | Twelve A/D converter channels

driver products
(high voltage

products) _ ztaT™( HD4074318 HD404318 Series
42 pins HD404314/6/8 Eight A/D converter channels

Figure1-1 Structureof the HMCS43XX Family
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Table 1-1 listss HMCSA3X X Family product line, and table 1-2 lists the functions of those

products.
Table1-1 Product Lineup
ROM RAM
Series ROM Type Product Model (Words) (Digits) Package
HD404344R Mask Standard HD404341R HD404341RS 1,024 256 DP-28S
Series ROM  version HD404341RFP FP-28DA
HD404341RFT FP-30D
HD404342R HD404342RS 2,048 256 DP-28S
HD404342RFP FP-28DA
HD404342RFT FP-30D
HD404344R HD404344RS 4,096 256 DP-28S
HD404344RFP FP-28DA
HD404344RFT FP-30D
CR version HD40C4341R HD40C4341RS 1,024 256 DP-28S
HD40C4341RFP FP-28DA
HD40C4341RFT FP-30D
HD40C4342R HD40C4342RS 2,048 256 DP-28S
HD40C4342RFP FP-28DA
HD40C4342RFT FP-30D
HD40C4344R HD40C4344RS 4,096 256 DP-28S
HD40C4344RFP FP-28DA
HD40CA4344RFT FP-30D
ZTAT™ HD4074344 HD4074344S 4,096 256 DP-28S
HD4074344FP FP-28DA
HD4074344FT FP-30D
HD404394 Mask ROM HD404391 HD404391S 1,024 256 DP-28S
Series HD404391FP FP-28DA
HD404391FT FP-30D
HD404392 HD404392S 2,048 256 DP-28S
HD404392FP FP-28DA
HD404392FT FP-30D

Note: ZTAT™ is a registered trademark of Hitachi, Ltd.
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Table 1-1

Product Lineup (cont)

ROM RAM
Series ROM Type Product Model (Words) (Digits) Package
HD404394 Mask ROM HD404394 HD404394S 4,096 256 DP-28S
Series HD404394FP FP-28DA
HD404394FT FP-30D
ZTAT™ HD4074394 HDA4074394S 4,096 256 DP-28S
HD4074394FP FP-28DA
HDA4074394FT FP-30D
HD404318 Mask ROM HD404314 HD404314S 4,096 384 DP-42S
Series HD404314H FP-44A
HD404316 HD404316S 6,144 384 DP-42S
HD404316H FP-44A
HD404318 HD404318S 8,192 384 DP-42S
HD404318H FP-44A
ZTAT™ HD4074318 HD4074318S 8,192 384 DP-42S
HD4074318H FP-44A
HD404358 Mask 5 MHz HD404354 HD404354S 4,096 384 DP-42S
Series ROM  version HD404354H EP-44A
HD404356 HD404356S 6,144 384 DP-42S
HD404356H FP-44A
HD404358 HD404358S 8,192 384 DP-42S
HD404358H FP-44A
8.5 MHz HD40A4354 HD40A4354S 4,096 384 DP-42S
version HD40A4354H FP-44A
HD40A4356  HD40A4356S 6,144 384 DP-42S
HD40A4356H FP-44A
HD40A4358 HD40A4358S 8,192 384 DP-42S
HD40A4358H FP-44A
ZTAT™ HD407A4359 HD407A4359S 16,384 512 DP-42S
HD407A4359H FP-44A
Note: ZTAT™ is a registered trademark of Hitachi, Ltd
3
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ROM RAM

Series ROM Type Product Model (Words) (Digits) Package
HD404358R Mask 5 MHz HD404354R  HD404354RS 4,096 512 DP-42S
Series ROM  version HD404354RH EP-44A
HD404356R  HD404356RS 6,144 512 DP-42S
HD404356RH FP-44A
HD404358R  HD404358RS 8,192 512 DP-42S
HD404358RH FP-44A
8.5MHz  HD40A4354R HD40A4354RS 4,096 512 DP-42S
version HD40A4354RH FP-44A
HD40A4356R HD40A4356RS 6,144 512 DP-42S
HD40A4356RH FP-44A
HD40A4358R HD40A4358RS 8,192 512 DP-42S
HD40A4358RH FP-44A
CR version HD40C4354R HD40C4354RS 4,096 512 DP-42S
HD40C4354RH FP-44A
HD40C4356R HD40C4356RS 6,144 512 DP-42S
HD40C4356RH FP-44A
HD40C4358R HD40C4358RS 8,192 512 DP-42S
HD40C4358RH FP-44A
ZTAT™ 85MHz  HD407A4359R HD407A4359RS 16,384 512 DP-42S
version HD407A4359RH FP-44A
CR version HD407C4359R HD407C4359RS 16,384 512 DP-42S
HD407C4359RH FP-44A

Note: ZTAT™ is a registered trademark of Hitachi, Ltd.
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Table 1-1

Product Lineup (cont)

ROM RAM

Series ROM Type Product Model (Words) (Digits) Package
HD404339 Mask ROM HD404334 HD404334S 4,096 512 DP-64S
Series HD404334FS FP-64B
HD404336 HD404336S 6,144 512 DP-64S
HDA404336FS FP-64B
HD404338 HD404338S 8,192 512 DP-64S
HD404338FS FP-64B
HD4043312 HD4043312S 12,288 512 DP-64S
HD4043312FS FP-64B
HD404339 HD404339S 16,384 512 DP-64S
HDA404339FS FP-64B
ZTAT™ HD4074339 HD4074339S 16,384 512 DP-64S
HD4074339FS FP-64B
HD404369 Mask 5 MHz HD404364 HD404364S 4,096 512 DP-64S
Series ROM  version HD404364F FP-64B
HD404368 HD404368S 8,192 512 DP-64S
HD404368F FP-64B
HD4043612 HD4043612S 12,288 512 DP-64S
HD4043612F FP-64B
HD404369 HD404369S 16,384 512 DP-64S
HD404369F FP-64B
8.5 MHz HD40A4364 HD40A4364S 4,096 512 DP-64S

version HD40A4364F FP-64B
HD40A4368 HD40A4368S 8,192 512 DP-64S
HD40A4368F FP-64B
HD404369 Mask 8.5 MHz HD40A43612 HD40A43612S 12,288 512 DP-64S
Series ROM  version HD40A43612F FP-64B
HD40A4369 HD40A4369S 16,384 512 DP-64S
HD40A4369F FP-64B
ZTAT™ HD407A4369 HD407A4369S 16,384 512 DP-64S
HD407A4369F FP-64B
Note: ZTAT™ is a registered trademark of Hitachi, Ltd.
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HM CS43X X Family Functional Overview

Table 1-2
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HM CS43X X Family Functional Overview (cont)

Table 1-2
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HM CS43X X Family Functional Overview (cont)

Table 1-2
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HM CS43X X Family Functional Overview (cont)

Table 1-2
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1.2 Internal Block Diagrams

Figures 1-2 to 1-8 show the internal block diagrams for the HD404344R, HD404394, HD404318,
HD404358, HD404358R, HD404339, and HD404369 series microcomputers.

‘E [ %.) o
nnlo OO0 o2
L D D z
T oo 1o
4
v vy § IR _
Do
HMCS400 CPU — D!
— | § D
) S
Dy
Ds
ROM RAM
= RO
s RO;
NTo External interrupt g RO,
0 control circuit ROz
- R1,
. . <] R1
EVNB Tlr_ner B (8 bits) S Rll
(reload timer/event counter) |~ — 2
e R1
3
TOC Timer C (8 bits) — - R2,
(reload timer/watchdog timer) g_ R2;
E R22
SCK R23
Sl Clock synchronous 8-bit |
SO serial interface — ~ R3,
AN Q R3;
AN, Four-channel - R33
AN, AID converter —
AN3 L
Product ROM (Words) RAM (Digits)
HD404341R 1,024 256
HD40C4341R
HD404342R 2,048
HD40C4342R
HD404344R 4,096
HD40C4344R

HD4074344 4,096

Figure1-2 HDA404344R Series|nternal Block Diagram
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E [ 8 o
n nlo OO0 UD
L %) p4
rFlp 00 S0
/
- Dy
HMCS400 CPU Dy
e
U s
Dy
Ds
ROM RAM
o = RO
. 8_ - ROl
iNT, External |nt_errL_th S 8 = RO,
control circuit ] RO
- - |R1,
EVNB a Tlmer B (8 bits) - S - R1;
(reload timer/event counter) |~ - ~|R1,
m ,,,,,
Timer C (8 bits) R2,.
1R<Zo!
Toc (reload timer/watchdog timer) ——J 5 R2;
o i !
o ‘R2;;
— 'R23!
SCK = >l Clock synchronous 8-bit | B
Sl serial interface —
SO o
g R3;
o
0% R3,
ANy hd R33
AN, Three-channel
AN3 - A/D converter —
ref >
Product ROM (Words) RAM (Digits) — :\-I/l'gg_ currer:t pmSNMOS
: Medium voltage open
HD404391 1,024 256 drain pins
HD404392 2,048 I I Standard voltage NMOS open
HD404394 4,096 ~ drain high current pins

HD4074394 4,096

Figure 1-3 HD404394 SeriesInternal Block Diagram
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n nlo OO0 02
LU D D =4
il oo =0
[ [ [ | 4 [ |
v v oyov ] v i
Do
HMCS400 CPU D,
D,
e D;
O =3 D,
[a) Ds
Dg
ROM RAM D,
— Dg
< [T R0,
INT, External interrupt 8 7RO
INT, control circuit e = RO
t+—— RO,
. . [ R
Timer A (8 bits) g R1;
(free-running timer) - R1,
4 R1,
. . o] R2,
EVNB Tlmer B (8 hits) 5 R2,
(reload timer/event counter)
N R2,
o R2,
Timer C (8 bits) e [T~ R3
Toc (reload timer/watchdog timer) g TR
o *T*=R3,
& let=R3;
SCK Clock synchronous 8-bit = T R4
Sl ial i S |t
serial interface 8 R4,
SO
< 1™ R4,
& let>R4y
Alarm output = R8,|
BUZZ p s R8,|
© R8,!
x R8;!
AN, L |
AN, ]
AN, 5 P
AN, o {RAY
AN, Eight-channel é
ANjg A/D converter L |
ANg
AN,
AVcc
AVss
Product ROM (Words) RAM (Digits) High voltage pins
HD404314 4,096 384
HD404316 6,144
HD404318 8,192
HD4074318 8,192
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Figure1-4 HD404318 Series|nternal Block Diagram




Y
n nlo OO0 02
LU D N z
Tl o0 SO
L ] | |
L2 T I L]
== Dg
HMCS400 CPU =1 D1
et D,
e [*1™Ds
0 EEe
Q =t Ds
et Dg
ROM RAM et D,
. D8
= ROg

INT, External interrupt S RO,

INTy control circuit 2 RO,

RO3

Timer A (8 bits) = Sio
free-running ti a 1
(free-running timer) 2 R1,
as R1;

Timer B (8 bits) R2,|

EVNB (reload timer/event counter) §_ R21§
~ R2,|
o R23!

Timer C (8 bits) — | .

Toc (reload timer/watchdog timer) 5 Sgo
o 1
™ R3,
o R3,

SCK Clock synchronous 8-bit —

SIO serial interface = R4g
= R4,
< R4,
& R4,

BUZZ Alarm output —

B R8,
g RS,

ANg o [« R8,

AN, & e~ R8,

AN, —

ANj =

AN, Eight-channel g RA;

ANg A/D converter <

ANg

AN, I

AVcc

AVsg

Product ROM (Words) RAM (Digits) : Medium voltage NMOS open
HD404354/HD40A4354 4,096 384 drain pins
HD404356/HD40A4356 6,144

HD404358/HD40A4358 8,192

HD407A4359 16,384 512

Figure1-5 HD404358 Series|nternal Block Diagram
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INT,
INT,

EVNB

TOC

SCK
Sl
SO

BUzZZ

AN
AN,
AN
AN
AN,
ANs
ANg
ANy
AVce
AVss

— o
n nlo OO [Syya
W a7 Oz
il 00 S
T v v v ] L] .
Do
HMCS400 CPU =T D1
Dy
L
O o Dy
[a] D5
Dg
ROM RAM D
Dg
< ROg
External interrupt 9 RO;
control circuit 2 RO,
Timer A (8 bits) o Rl
free-running timer) g RL
( unning ti S R1,
@ R13
Timer B (8 bits) R2,
(reload timer/event counter) g R2,
&1 R2,
R23
Timer C (8 bits) R3
. . - 0
(reload timer/watchdog timer) 5 R3,
&) R32
R33
Clock synchronous 8 bits
serial interface = R4o
g R4,
) R4,
o
R43
Alarm output
- R803
8 R81§
© R85!
= R83]
=
Eight-channel g RA;
AID converter é

ROM RAM
Product (Words) (Digits)

HD404354R/HD40A4354R/HD40C4354R 4,096

HD404356R/HD40A4356R/HD40C4356R 6,144 512

HD404358R/HD40A4358R/HD40C4358R 8,192

HD407A4359R/HD407C4359R 16,384
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Figure1-6 HDA404358R Series|nternal Block Diagram
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Product

EVNB

TOC

SCK
Sl
SO

ROM RAM
(Words) (Digits)

HD404334
HD404336
HD404338
HD4043312
HD404339
HD4074339

4,096 512
6,144

8,192

12,288

16,384

16,384

~1T—RESET
1T TEST
~1T—STOPC
< osc,
_-osc,
—X1

—= X2
~—Vec
l«I—GND

HMCS400 CPU

0

ROM RAM

External interrupt

control circuit

Timer A (8 bits)
(free-running timer/
clock time base)

Timer B (8 bits)

(reload timer/event counter)

Timer C (8 bits)

(reload timer/watchdog timer)

Clock synchronous

8-bit serial interface

Alarm output

Twelve-channel

A/D converter

D port
e A O O O
IEEEEREREEERRE

| RA port || R9 port || R8 port |

FEEY PEEY OPEEY OPEEE OPEYE OYREG

Fet

Fit

|R7port|| R6port||R5port || R4port|| R3port|| R2port|| R1 port || ROport||

Figure 1-7 HD404339 SeriesInternal Block Diagram
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2
— o o
n nl0 OO L0
g %) 4
CEbO0OXKRSO
T
M = Dg
HMCS400 CPU K D B;
== Dj
== D,
0 i
e = o
ROM RAM K o l|-p;
== Dg
e DlO
_ . =1 D11
INT, External interrupt < D1,
INT, control circuit — = D13
= TR0,
Timer A (8 bits) — S 1™ RO,
(free-running timer/ G e ng
clock time base) L 3
= «» Rio
EVNB Timer B (8 bits) P — g Sil
(reload timer/event counter) &' «»iRli
[ [~ R2o
Timer C (8 bits) — K 8 1 R2;
Toc (reload timer/watchdog timer) o [+ "R2,
& lt=R2;
SCK £ [T R3
sl Clqck sync‘hronous — — & R3,;
8-bit serial interface o [T R3;
SO @ |« R3
L | 3
5 ™1™ R4q
BUZZ Alarm output —— kol ” sil
< [~ R4,
& |~ R4,
Ao £ == R5,
ANy 8 [~[=R5,
AN, < 5 l«{+~R5,
AN, @ |1~ R5,
AN, p—
Ase
ANg Twelve-channel L 2" R%
ANy A/D converter o2 bl 322
3
ANg L~
ﬁmg g =R,
10 S 1=R7;
ANy, < Sl R7,
AVcc 14
AVss
\
ROM RAM O O
Product (Words) (Digits) | | | | | |
HD404364/HD40A4364 4,096 512 RA port | | RO port || R8 port
HD404368/HD40A4368 8,192 T i i i i i i i i
HD4043612/HD40A43612 12,288 < SFSS  Sod'osd
HD404369/HD40A4369 16,384 o rroeey ceoo
HDA07A4369 16,384 Medium voltage NMOS open drain pins
Figure1-8 HD404369 Series|nternal Block Diagram
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13 Pin Functions

131 HD404344R and HD404394 Series Pin Functions

Figures 1-9 and 1-10 show the pin arrangements for the HD404344R and HD404394 Series
products in the DP-28S, FP-28DA, and FP-30D packages.

HD404344R Series

R, [J1 O 281 Ds
R1, ]2 271 D,/STOPC
R1, ] 3 261 Dg
Rlz[] 4 251D,
R29 []5 241D,
R2; ] 6 231 Dy/INTo/EVNB
R2, ] 7 DP-28S  22[1 R04/TOC
R23[]8  FP-28DA 21[1R0,/SO
0SC; []9 201 RO4/SI
0SC, [] 10 19 [] RO,/SCK
GND [] 11 181 RESET
R3u/ANg [] 12 17 [ TEST
R3,/AN; [] 13 16 [ Vce
R3,/AN, [] 14 15[] R35/AN;
HDA404394 Series
RioJ1 O 281 Ds
R1; ]2 271 D,/STOPC
R1,[]3 261 D3
Rl; [ 4 251D,
R29 []5 241 D,
R2;, ] 6 23 [ Dy/INT,/EVNB
R2, ] 7 DP-28S  22[] R0O4/TOC
R23[]8  FP-28DA  21[ ] R0,/SO
0SC;,[]9 201 RO4/SI
0SC, [] 10 19 [1 R0O,/SCK
GND [ 11 18 1 RESET
Vref 12 17 ] TEST
R31/AN; [] 13 16 1 Ve
R3,/AN, [] 14 15[] R33/AN;

Figure1-9 HD404344R and HD404394 Series Pin Arrangements
(DP-28S and FP-28DA Packages: Top View)
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HD404344R Series

Rl [J1 O 301 Ds
R1, ]2 291 D,/STOPC
R1, ] 3 281 Dg
Rl;[] 4 271D,
R2,[]5 261D,
R2, ] 6 251 Dy/INTo/EVNB
R2, ] 7 2471 RO4/TOC
R2;3[] 8 FP-30D  23[] R0,/SO
0SCy []9 221 RO4/SI
0SC, [] 10 21[7] ROG/SCK
GND [ 11 201 RESET
NC []12 191 TEST
R3¢/ANy [] 13 181 Ve
R31/AN; [] 14 17[CINC
R3,/AN, [] 15 16 ] R33/AN;

Note: No connections should be made to NC pins.

HD404394 Series

RioJ1 O 30 Dg
R1; ]2 29[ D,/STOPC
R1,[]3 281D,
R1; ] 4 271D,
R2, ] 5 261D,
R2; 6 251 Dy/INTo/EVNB
R2, ] 7 24 7] RO4/TOC
R2; ] 8 FP-30D  23[] R0,/SO
0SCq, []9 22 [ R0O,y/SI
0SC, [] 10 21 [1 RO/SCK
GND [] 11 20 [ RESET
NC ] 12 19 TEST
Vyes [] 13 181 Vee
R34/AN; [] 14 17[CJNC
R3,/AN, [] 15 16 [1 R33/AN3

Note: No connections should be made to NC pins.

Figure1-10 HD404344R and HD404394 Series Pin Arrangements
(FP-30D Package: Top View)
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Table 1-3 lists the pin assignments for the HD404344R and HD404394 Series microcomputers.

Table1-3 HD404344R and HD404394 Series Pin Assignments

Pin No. Pin Function

DP-28S,

FP-28DA  FP-30D Pin HD404344R Series HD404394 Series

1 1 R1, Standard voltage high current Medium voltage 1/O port
1/0 port

2 2 R1, Standard voltage high current Medium voltage 1/O port
1/0 port

3 3 R1, Standard voltage high current Medium voltage 1/O port
1/0 port

4 4 R1, Standard voltage high current Standard voltage high current
1/0 port I/0O port

5 5 R2, Standard voltage high current Standard voltage high current
1/0 port I/O port

6 6 R2, Standard voltage high current Standard voltage high current
1/0 port I/0O port

7 7 R2, Standard voltage high current Standard voltage high current
1/0 port I/O port

8 8 R2, Standard voltage high current Standard voltage high current
1/0 port I/O port

9 9 OSC, System clock oscillator connection: input

10 10 OSC, System clock oscillator connection: output

11 11 GND Ground

12 13 R3,/AN, Standard voltage 1/O port/ Analog reference voltage

(V.e* analog input channel

13 14 R3,/AN, Standard voltage 1/0 port/analog input channel

14 15 R3,/AN, Standard voltage 1/O port/analog input channel

15 16 R3,/AN, Standard voltage 1/O port/analog input channel

16 18 Vee Power supply

17 19 TEST Test

18 20 RESET Reset

19 21 R0O,/SCK  Standard voltage I/O port/serial transfer clock I/O

20 22 RO,/SI Standard voltage 1/O port/serial reception data input

Note: * Items without parentheses apply to the HD404344R Series and items in parentheses apply
to the HD404394 Series.
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Table1-3 HD404344R and HD404394 Series Pin Assignments (cont)

Pin No. Pin Function
DP-28S,
FP-28DA  FP-30D Pin HD404344R Series HD404394 Series
21 23 R0,/SO Standard voltage 1/O port/serial transmission data output
22 24 RO,/TOC  Standard voltage I/O port/timer C output
23 25 D,/INT,/  Standard voltage I/O port/external interrupt input/timer B
EVNB event input
24 26 D, Standard voltage high current I/O port
25 27 D, Standard voltage high current I/O port
26 28 D, Standard voltage 1/0 port
27 29 D,/STOPC Standard voltage I/O port/stop mode clear
28 30 D, Standard voltage 1/0 port
— 12 NC — —
— 17 NC — —

Note: No connections should be made to NC pins.
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Table 1-4 lists the pin functions for the HD404344R and HD404394 Series microcomputers.

Table1l-4 HD404344R and HD404394 Series Pin Functions

Type Symbol

I/0

Function

Power supply Ve

Power supply: Connect to the system power supply.

GND

Ground: Connect to the system ground

Y

ref

Analog reference voltage (HD404394 Series):
Connection for the A/D converter internal resistor
ladder power supply.

Clock 0OSsC,

Input

System clock oscillator connection 1. Connect a
ceramic oscillator or an oscillator circuit to this pin.
Alternately, for CR oscillation a resistor should be
connected. Use an oscillator with a clock frequency
between 400 kHz and 4.5 MHz. See section 13,
“Oscillator Circuits,” for examples of the circuits used
when connecting a ceramic oscillator or resistor, or
when using an external clock input.

0SC,

Output

System clock oscillator connection 2: Connect a
ceramic oscillator to this pin. Use an oscillator with a
frequency of between 400 kHz and 4.5 MHz.
Alternately, for CR oscillation a resistor should be
connected. Leave this pin open if an external clock is
input to the OSC, pin.

Port D, to D,

110

D port: I/0 pins (CMOS three state) that can be
accessed in 1-bit units. Pins D, and D, are high current
pins that can accept influx currents of up to 15 mA.

RO, to RO,

I/O

RO port: Standard 1/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R1,to R1,

110

R1 port (HD404344R Series): I/O pins (CMOS three
state) that can be accessed as a 4-bit unit. Pins R1, to
R1, are high current pins that can accept influx currents
of up to 15 mA.

R1 port (HD404394 Series): /O pins that can be
accessed as a 4-bit unit. Pins R1, to R1, are medium
voltage I/O pins (NMOS open drain). Also, pin R1,is a
standard voltage high current pin that can accept influx
currents of up to 15 mA.
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Table1-4 HD404344R and HD404394 Series Pin Functions (cont)

Type Symbol I/0 Function

Port R2,to R2, I/O R2 port (HD404344R Series): I/O pins (CMOS three
state) that can be accessed as a 4-bit unit. Pins R2, to
R2, are high current pins that can accept influx currents
of up to 15 mA.

R2 port (HD404394 Series): 1/0 pins (NMOS open
drain) that can be accessed as a 4-bit unit.

Pins R2, to R2, are high current pins that can accept
influx currents of up to 15 mA.

R3, to R3,, I/O R3 port: Standard 1/0O pins (CMOS three state) that

(R3, to R3,)* can be accessed as a 4-bit (3-bit)* unit.
System control TEST Input  Test: Connect to ground.
RESET Input  Reset: The microcomputer goes to the reset state

when a low level is applied to this pin.

STOPC Input  Stop mode clear: Input pin for clearing stop mode.
The microcomputer switches from stop mode to active
mode when a low level is applied to this pin.

Interrupt INT, Input  External interrupt input 0: Falling edge detection
external interrupt input.

8-bit timers TOC Output Timer C output: The timer C output. Generates a
PWM output signal.

EVNB Input  Timer B event input: The timer B event input. External
events can be counted on falling edges, rising edges,
or falling/rising edge pairs in this input.

Serial interface SCK I/O Serial transfer clock 1/0: 1/O pin for the serial
interface clock.
Sl Input  Serial reception data input: Data input pin for the
serial interface.
SO Output Serial transmission output: Data output pin for the
serial interface.
A/D converter AN, to AN, Input  Analog input channels 0 to 3 (HD404344R Series):
(AN, to AN,)* Analog input channels for the A/D converter.

Analog input channels 1 to 3 (HD404394 Series):
Analog input channels for the A/D converter.

Note: * Items without parentheses apply to the HD404344R Series and items in parentheses apply
to the HD404394 Series.
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HD404318/HD404358/HD404358R Series Pin Functions

Figures 1-11 and 1-12 show the pin arrangements for the HD404318, HD404358 and HD404358R
Series products in the DP-42S and FP-44A packages.

HD404318 Series

HD404358/

HD404358R Series

RAINVGisp 11 O 42 R2;
R0o/SCK [ 2 41 R2,
RO./SI [ 3 40 R2;
R0,/SO [ 4 39 R2,
RO3/TOC [] 5 38 [ Ri,
TEST[] 6 37[R1,
RESET [] 7 36 R1,
0OSC; []8 35 R1g
0SC, []9 34 Rs;
GND [] 10 33[Rs,
AVgs 11 DP-42S  33[Rg,
R3¢/ANg [ 12 31[JR8,
R3./AN; [] 13 301 Dg
R3,/AN, [] 14 291Dy
R33/AN; [] 15 281 Dg
R4o/AN, [] 16 271 Dg
R441/ANs [] 17 26 [1 D,/STOPC
R4,/ANg [] 18 2571 D4/BUZZ
R43/AN; [] 19 241 D,/EVNB
AVce [ 20 231 D4/INT,
Vee [ 21 22 [ Dy/INT,
RACIL O 42[71R2,
R0G/SCK [ 2 41 R2,
RO,/SI [] 3 40[J R2,
R0,/SO [] 4 39 R2,
RO4/TOC [] 5 38 [ Ri,
TEST[] 6 37[R1,
RESET []7 361 R1,
OSC; []8 35 R1,
0SC, ]9 341 R8;
GND [ 10 33 RS,
AVgs |11 DP-42S  33[Rg,
R3g/ANg [] 12 31 R8s,
R3./AN; [] 13 301 Dg
R3,/AN, [] 14 291D,
R33/AN3 [] 15 281 Dg
R4¢/AN4 [] 16 271 Dg
R441/ANs [] 17 26 [1 D,/STOPC
R4,/ANg [] 18 25[] D4/BUZZ
R44/AN7 [ 19 241 D,/EVNB
AVcc [ 20 231 D4/INT;
Vee [ 21 2271 Dy/INT,

(DP-42S Package: Top View)
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Figure1-11 HD404318, HD404358 and HD404358R Series Pin Arrangements
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ST |

Ozy [

Ted [

Ced [

fed |
aSIPAMyY [
MOS/P0d [
IS/fod [
0OS/rfod [
20L/504 [

33[_1R1,
32 1RL,
31[1R1,
30__1R8;
29 1RS8,
28 __1R8,;
27[1RS8,
26 _1Dg
251Dy
241 Dg
231D

FP-44A

ON[]

HD404318 Series

44 43 42 41 40 39 38 37 36 35 34
12 13 14 15 16 17 18 19 20 21 22

[ TON

_1zzng/fa
1 49NA3FQ
[ 1TINI'a
[ 191NI°a
] 204
] 2opy
1 ‘NV/Evd
1 ONV/rd
1 °Nv/'vd

2
osc,; 3
osc, |4
GND[]5
AVess |6
R3g/AN, [ 7
R3,/AN; [ 8
R3,/AN, (|9
R33/AN; [ 10
R4o/AN, [ 11

TEST 1

RESET

[ 190dols/Fa

HD404358/

ST |

Ozd [

ey [

e ]

fzd [

vy [
MOS0 [_|
IS/fod [
0s/fod [
201/808 ]

33 _1R1,
32 1Ry
31 1R1,
30 __1R8;
29 1RS8,
28 __1R8,;
27 1RS8,
26 __1Dg
251Dy
241 Dg
231D

FP-44A

ON[]

HD404358R Series

44 43 42 41 40 39 38 37 36 35 34
12 13 14 15 16 17 18 19 20 21 22

[ 1ON

[ 10dols/a
—_1zzndg/fa
1 9NA3fa
1IN
[ 1%NI°a
] 205
] o7y
1 *NvV/Ev
1 °Nv/Ard
1 Nv/7vd

]2
osc; [ 3
0sc, 4
GND[]5
Avgs 16
R3/ANg [ 7
R3;/AN; |8
R3,/AN, |9
R33/AN; [ 10
R4g/AN, [ 11

TEST 1

RESET

Figure1-12 HD404318, HD404358 and HD404358R Series Pin Arrangements
(FP-44A Package: Top View)
HITACHI
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Table 1-5 lists the pin assignments for the HD404318, HD404358 and HD404358R Series
microcomputers.

Table1-5 HD404318, HD404358 and HD404358R Series Pin Assignments

Pin No. Pin Function
DP-42S FP-44A Pin HD404318 Series HD404358 Series HD404358R Series
1 39 RA,/ High voltage input Standard voltage

(Vas)*  port/high voltage pin  input port
output power supply

2 40 R0O,/SCK Standard voltage I/O port/serial transfer clock Standard voltage high
/0 current 1/O port/serial
transfer clock I/O
3 41 R0O,/SI  Standard voltage I/O port/serial reception Standard voltage high
data input current I/O port/serial
reception data input
4 42 R0,/SO Standard voltage I/O port/serial transmission Standard voltage high
data output current I/O port/
serial transmission data
output
5 43 R0,/TOC Standard voltage I/O port/timer C output Standard voltage high

current I/O port/
timer C output

6 1 TEST Test

7 2 RESET Reset

8 3 0OSsC, System clock oscillator connection: input

9 4 OSC, System clock oscillator connection: output

10 5 GND Ground

11 6 AV Analog ground

12 7 R3,/AN, Standard voltage I/O port/analog input channel
13 8 R3,/AN, Standard voltage I/O port/analog input channel
14 9 R3,/AN, Standard voltage I/O port/analog input channel
15 10 R3,/AN, Standard voltage I/O port/analog input channel
16 11 R4,/AN, Standard voltage I/O port/analog input channel
17 12 R4,/AN, Standard voltage I/O port/analog input channel
18 13 R4,/AN, Standard voltage I/O port/analog input channel
19 14 R4./AN, Standard voltage I/O port/analog input channel
20 15 AV . Analog power supply

Note: * Items in parentheses apply only to the HD404318 Series.
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Table 1-5

Pin No.

DP-42S FP-44A Pin

Pin Function

HD404318, HD404358 and HD404358R Series Pin Assignments (cont)

HD404318 Series

HD404358 Series

HD404358R Series

21 16 Ve Power supply
22 17 D,/INT, High voltage I/0 port/ Standard voltage I/0 port/external interrupt
external interrupt input input
23 18 D,/INT, High voltage I/O port/ Standard voltage I/0 port/external interrupt
external interrupt input input
24 19 D,/EVNB High voltage 1/O port/ Standard voltage 1/O port/timer B event input
timer B event input
25 20 D,/BUZZ High voltage I/O port/ Standard voltage 1/O port/alarm output
alarm output
26 21 D,/ High voltage I/O port/ Standard voltage 1/O port/stop mode clear
STOPC stop mode clear
27 23 D, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
28 24 D; High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
29 25 D, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
30 26 D, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
31 27 R8, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
32 28 R8, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
33 29 R8, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
34 30 R8, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
35 31 R1, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
36 32 R1, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
37 33 R1, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
38 34 R1, High voltage I/O port Standard voltage I/O  Standard voltage high
port current 1/0O port
Note: No connections should be made to NC pins.
26
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Table1-5 HD404318, HD404358 and HD404358R Series Pin Assignments (cont)
Pin No. Pin Function

DP-42S FP-44A Pin HD404318 Series HD404358 Series HD404358R Series

39 35 R2, High voltage I/0 port Medium voltage I/O  Standard voltage high
port current 1/O port

40 36 R2, High voltage I/0 port Medium voltage I/O  Standard voltage high
port current 1/O port

41 37 R2, High voltage I/0 port Medium voltage I/O  Standard voltage high
port current 1/O port

42 38 R2, High voltage I/0O port Medium voltage I/O  Standard voltage high
port current 1/O port

— 22 NC — — —

— 44 NC — — —

Note: No connections should be made to NC pins.

HITACHI
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Table 1-6 lists the pin functions for the HD404318, HD404358 and HD404358R Series

microcomputers.

Table1l-6 HD404318, HD404358 and HD404358R Series Pin Functions

Type Symbol

110

Function

Power supply Vee

Power supply: Connect to the system power supply.

GND

Ground: Connect to the system ground

AV

Analog power supply: The A/D converter power
supply connection. Connect to a potential identical to
that of V. at a point as close as possible to the V.
pin. Note that a bypass capacitor (about 0.1 pF) should
be connected between the AV, pin and the AV pin if
a power supply separate from the V.. power supply is
used for the A/D converter power supply. This
capacitor is not required if the AV pin is connected
directly to the V. pin.

AVgq

Analog ground: The A/D converter ground
connection. Connect to a potential identical to that of
GND at a point as close as possible to the GND pin.

disp

High voltage pin output power supply (HD404318
Series): Used as the output power supply by the high
voltage pins.

Clock 0OSsC,

Input

System clock oscillator connection 1: Connect a
ceramic or crystal oscillator, or an external oscillator
circuit. Use an oscillator or clock with a frequency of
between 400 kHz and 4.5 MHz for the HD404318 and
a frequency between 400 kHz and 8.5 MHz for the
HD404358/HD404358R. Alternately, for CR oscillation*
a resistor should be connected. See section 13,
“Oscillator Circuits” for examples of the circuits used
when a ceramic or crystal oscillator, a resistor, or an
external clock is used.

0sc,

Output

System clock oscillator connection 2: Connect a
ceramic or crystal oscillator to this pin. Use an
oscillator with a frequency of between 400 kHz and
4.5 MHz for the HD404318 and a frequency between
400 kHz and 8.5 MHz for the HD404358/HD404358R.
Alternately, for CR oscillation* a resistor should be
connected. Leave this pin open if an external clock is
input to the OSC, pin.
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Table1-6 HD404318, HD404358 and HD404358R Series Pin Functions (cont)

Type Symbol I/0 Function

Port D, to Dy I/0 High voltage D port (HD404318 Series): High voltage
1/0 pins (PMOS open drain) that can be accessed in
1-bit units.

D port (HD404358 Series): Standard voltage 1/O pins
(CMOS three state) that can be accessed in 1-bit units.

D port (HD404358R Series): Standard voltage 1/O
pins (CMOS three state) that can be accessed in 1-bit
units. Pins D, to D, are high-current pins (CMOS three
state) capable of handling current levels of up to 15
mA.

RO, to RO, I/0 RO port: Standard voltage 1/0O pins (CMOS three state)
that can be accessed as a 4-bit unit.

RO port (HD404358R Series): Standard voltage high
current 1/O pins (CMOS three state) that can be
accessed as a 4-bit unit. Pins RO, to RO, are high -
current pins capable of handling current levels of up to
15 mA.

R1,to R1, I/0 High voltage R1 port (HD404318 Series): High
voltage I/0O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

R1 port (HD404358 Series): Standard voltage 1/O pins
(CMOS three state) that can be accessed as a 4-bit
unit.

R1 port (HD404358R Series): Standard voltage high
current I/O pins that can be accessed as a 4-bit unit.
Pins R1, to R1, are high-current pins (CMOS three
state) capable of handling current levels of up to 15
mA.

R2,to R2, I/0 High voltage R2 port (HD404318 Series): High
voltage I/0O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

Medium voltage R2 port (HD404358 Series): Medium
voltage I/0 pins (NMOS open drain) that can be
accessed as a 4-bit unit.

R2 port (HD404358R Series): Standard voltage high
current I/O pins that can be accessed as a 4-bit unit.
Pins R2, to R2, are high-current pins (CMOS three
state) capable of handling current levels of up to 15
mA.

R3,to R3, le] R3 port: Standard voltage I/O pins (CMOS three state)
that can be accessed as a 4-bit unit.

R4, to R4, I/10 R4 port: Standard voltage 1/0 pins (CMOS three state)
that can be accessed as a 4-bit unit.
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Table1-6 HD404318, HD404358 and HD404358R Series Pin Functions (cont)

Type

Symbol

110

Function

Port

R8, to R8,

110

High voltage R8 port (HD404318 Series): High
voltage I/O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

R8 port (HD404358 Series): Standard voltage /O pins
(CMOS three state) that can be accessed as a 4-bit
unit.

R8 port (HD404358R Series): Standard voltage large
current I/O pins that can be accessed as a 4-bit unit.
Pins R8, to R8, are high-current pins (CMOS three
state) capable of handling current levels of up to 15
mA.

RA,

Input

High voltage RA port (HD404318 Series): Single bit
high voltage input pin.

RA port (HD404358/HD404358R Series): Single bit
standard input pin.

System control

Input

Test: Connect to ground.

Input

Reset: The microcomputer goes to the reset state
when a low level is applied to this pin.

Input

Stop mode clear: Input pin for clearing stop mode.
The microcomputer switches from stop mode to active
mode when a low level is applied to this pin.

Interrupt

Input

External interrupts 0 and 1: Falling edge detection
external interrupt inputs.

Alarm

Output

Alarm output: Output pin for the alarm output.

8-bit timers

Output

Timer C output: The timer C output.

Input

Timer B event input: The timer B event input. External
events can be counted on falling edges, rising edges,
or falling/rising edge pairs in this input. This pin can
also be used as an input capture trigger.

Serial interface

I/10

Serial transfer clock 1/0: 1/O pin for the serial
interface clock.

Input

Serial reception data input: Data input pin for the
serial interface.

SO

Output

Serial transmission output: Data output pin for the
serial interface.

A/D converter

AN, to AN,

Input

Analog input channels 0 to 7: Analog input channels
for the A/D converter.

Note: * Apply to the HD404358R Series.
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HD404339/HD404369 Series Pin Functions

Figures 1-13 and 1-14 show the pin arrangements for the HD404339 and HD404369 Series
products in the DP-64S, and FP-64B packages.

HD404339 Series

R6, ]

R6, [

R6, [

R65 ]

R7,

R7,

R7, ]
ROo/SCK []
RO,/SI []
R0,/SO []
RO4/TOC ]
TEST ]
RESET []
0sc, [
0SsC, ]
GND ]

X1 [

X2 ]

AVgs [
R30/ANg [
R3,/AN; [
R3,/AN, []
R33/AN3 [
R4o/AN, [
R4,/ANs [
R4,/ANg [
R44/AN; [
R50/ANg []
R51/ANg []
R5,/AN;o []
R54/ANy; []
AVcce [

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

O

DP-64S

64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
a7
46
45
44
43
42
41
40
39
38
37
36
35
34
33

| RAllvdisp
1R2,
1R2,
1R2;

:l RZO
1R1
1R1,
1R1,
1R1,

[ 1R9;3
1R9,
1R9;
1R9,

[ 1R8;3
1R8,
1R8;

[ 1R8,
[1Ds3
1Dy,
1Dy
1D
1Dg
1Dg
1D,
1Dg
1Ds

1 D4/STOPC
[—1D4/BUZZ
[—1D,/EVNB
1 D4/INT,
1 Dg/INT,
I Vee

HD404369 Series
R J1 O 64 1RA;
R6, ]2 63[1R2;3
R6,[]3 62[1R2,
R65[]4 61 1R2;
R7,[]5 60 [1R2,
R7,[]6 59 [1R1;
R7,[]7 58 [1R1,
RO,/SCK []8 57[R1;
RO,/SI (]9 56 [1R1,
R0,/SO []10 55[_1R9;
RO5/TOC []11 54[1R9,
TEST []12 53[1R9;
RESET []13 52 [1R9,
0sc, []14 51[1R8;3
0SC, []15 50 [1RS,
GNDJ16  PPO4S 49 Rs;
X1[]17 48 [1R8,
X2[]18 471Dy
AvVgs []19 461Dy,
R3/ANg []20 451Dy
R3,/AN; []21 441Dy
R3,/AN, []22 431Dy
R34/AN; []23 42[1Dg
R4o/AN, []24 411Dy
R44/ANs []25 401 Dg
R4,/ANg []26 39[1Ds
R44/AN; [] 27 38 [1D,/STOPC
R5¢/ANg []28 37 [ Dy/BUZZ
R5/ANg []29 36 1 D,/EVNB
R5,/AN;o []30 35 [ D4/INT,
R53/ANy; []31 34 [ Dy/INT,
AVcc []32 33[JVce

Figure1-13 HD404339 and HD404369 Series Pin Arrangements
(DP-64S Package: Top View)
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X1[]11 41[1D13
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GND[] 10 42[1R8,
X1[]11 41[1D13
X2[]12 40[1D1»
AVgs []13 39[1D11
R3p/ANg [] 14 38[1Djo
R3;/AN; [] 15 37[1Dg
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Figure 1-14 HD404339 and HD404369 Series Pin Arrangements
(FP-64B Package: Top View)
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Table 1-7 lists the pin assignments for the HD404339 and HD404369 Series microcomputers.

Table1-7 HD404339 and HD404369 Series Pin Assignments

Pin No. Pin Function
DP-64S FP-64B  Pin HD404339 Series HD404369 Series
1 59 R6, Standard voltage I/O port
2 60 R6, Standard voltage 1/O port
3 61 R6, Standard voltage 1/0 port
4 62 R6, Standard voltage I/O port
5 63 R7, Standard voltage 1/O port
6 64 R7, Standard voltage 1/0O port
7 1 R7, Standard voltage I/O port
8 2 R0,/SCK Standard voltage I/O port/serial transfer clock 1/0
9 3 RO./SI Standard voltage 1/O port/serial reception data input
10 4 R0,/SO Standard voltage 1/0 port/serial transmission data output
11 5 R0O,/TOC Standard voltage 1/O port/timer C output
12 6 TEST Test
13 7 RESET Reset
14 8 OSsC, System clock oscillator connection: input
15 9 OSsC, System clock oscillator connection: output
16 10 GND Ground
17 11 X1 Subsystem clock oscillator connection: input
18 12 X2 Subsystem clock oscillator connection: output
19 13 AVgq Analog ground
20 14 R3,/AN, Standard voltage 1/0 port/analog input channel
21 15 R3,/AN, Standard voltage 1/O port/analog input channel
22 16 R3,/AN, Standard voltage 1/0 port/analog input channel
23 17 R3,/AN, Standard voltage 1/0 port/analog input channel
24 18 R4,/AN, Standard voltage 1/0 port/analog input channel
25 19 R4,/AN, Standard voltage 1/0 port/analog input channel
26 20 R4,/AN4 Standard voltage 1/0 port/analog input channel
27 21 R4,/AN, Standard voltage 1/O port/analog input channel
28 22 R5,/ANg Standard voltage 1/0 port/analog input channel
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Table1-7

HD404339 and HD404369 Series Pin Assignments (cont)

Pin No. Pin Function

DP-64S FP-64B Pin HDA404339 Series HDA404369 Series

29 23 R5, /AN, Standard voltage 1/0 port/analog input channel

30 24 R5,/AN,, Standard voltage 1/0 port/analog input channel

31 25 R5,/AN,, Standard voltage 1/O port/analog input channel

32 26 AV . Analog power supply

33 27 Ve Power supply

34 28 D,/INT, High voltage 1/O port/ Standard voltage 1/O port/
external interrupt input external interrupt input

35 29 D, /INT, High voltage 1/O port/ Standard voltage 1/O port/
external interrupt input external interrupt input

36 30 D,/EVNB High voltage 1/O port/ Standard voltage 1/O port/
timer B event input timer B event input

37 31 D,/BUZZ High voltage 1/O port/ Standard voltage 1/O port/
alarm output alarm output

38 32 D,/STOPC High voltage I/O port/ Standard voltage 1/O port/
stop mode clear stop mode clear

39 33 D, High voltage 1/0O port Standard voltage 1/O port

40 34 D; High voltage 1/0O port Standard voltage 1/O port

41 35 D, High voltage I/0 port Standard voltage 1/0 port

42 36 D, High voltage 1/0O port Standard voltage 1/O port

43 37 D, High voltage 1/0O port Standard voltage 1/O port

44 38 D,, High voltage I/0 port Standard voltage 1/0 port

45 39 D, High voltage 1/0O port Standard voltage 1/0 port

46 40 D, High voltage 1/0O port Standard voltage 1/O port

47 41 D,; High voltage I/0 port Standard voltage 1/0 port

48 42 R8, High voltage 1/0O port Standard voltage 1/0 port

49 43 R8, High voltage 1/0O port Standard voltage 1/O port

50 44 R8, High voltage I/0 port Standard voltage 1/0 port

51 45 R8, High voltage 1/0O port Standard voltage 1/0 port

52 46 R9, High voltage 1/0O port Standard voltage 1/O port

53 a7 R9, High voltage I/0 port Standard voltage 1/0 port

54 48 R9, High voltage 1/0O port Standard voltage 1/0 port
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Table 1-7

HD404339 and HD404369 Series Pin Assignments (cont)

Pin No. Pin Function
DP-64S FP-64B Pin HD404339 Series HDA404369 Series
55 49 R9, High voltage 1/0O port Standard voltage 1/O port
56 50 R1, High voltage I/0 port Medium voltage I/O port
57 51 R1, High voltage 1/O port Medium voltage I/O port
58 52 R1, High voltage 1/0O port Medium voltage I/O port
59 53 R1, High voltage I/0 port Medium voltage I/O port
60 54 R2, High voltage 1/O port Medium voltage I/O port
61 55 R2, High voltage 1/0O port Medium voltage I/O port
62 56 R2, High voltage I/0 port Medium voltage I/O port
63 57 R2, High voltage 1/O port Medium voltage I/O port
64 58 RA,/ High voltage input port/ Standard voltage input port

(Vdisp)* high voltage pin output power

supply

Note: * Items in parentheses apply only to the HD404339 Series.
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Table 1-8 lists the pin functions for the HD404339 and HD404369 Series microcomputers.

Table1l-8 HD404339 and HD404369 Series Pin Functions

Type Symbol

I/0

Function

Power supply Ve

Power supply: Connect to the system power supply.

GND

Ground: Connect to the system ground

AV

Analog power supply: The A/D converter power
supply connection. Connect to a potential identical to
that of V. at a point as close as possible to the V.
pin. Note that a bypass capacitor (about 0.1 pF) should
be connected between the AV pin and the AV pin if
a power supply separate from the V.. power supply is
used for the A/D converter power supply. This
capacitor is not required if the AV pin is connected
directly to the V. pin.

AV

Analog ground: The A/D converter ground
connection. Connect to a potential identical to that of
GND at a point as close as possible to the GND pin.

disp

High voltage pin output power supply (HD404339
Series): Used as the output power supply by the high
voltage pins.

Clock OSC,

Input

System clock oscillator connection 1: Connect a
ceramic or crystal oscillator to this pin. Alternatively, an
external clock signal may be input to this pin. Use an
oscillator or clock with a frequency of between 400 kHz
and 4.5 MHz for the HD404339 and a frequency
between 400 kHz and 8.5 MHz for the HD404369. See
section 14, “Oscillator Circuits” for examples of the
circuits used when a ceramic or crystal oscillator or an
external clock is used.

0sc,

Output

System clock oscillator connection 2: Connect a
ceramic or crystal oscillator to this pin. Use an
oscillator with a frequency of between 400 kHz and

4.5 MHz for the HD404339 and a frequency between
400 kHz and 8.5 MHz for the HD404369. Leave this pin
open if an external clock is input to the OSC, pin.

X1

Input

Subsystem clock oscillator connection 1: Connect a
32.768 kHz crystal oscillator to this pin. Tie this pin to
ground if the subsystem clock is not used.

X2

Output

Subsystem clock oscillator connection 2: Connect a
32.768 kHz crystal oscillator to this pin. Leave this pin
open if the subsystem clock is not used.
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Table 1-8

Type

HD404339 and HD404369 Series Pin Functions (cont)

Symbol

110

Function

Port

D,to D,

I/1O

High voltage D port (HD404339 Series): High voltage
1/0 pins (PMOS open drain) that can be accessed in 1-
bit units.

D port (HD404369 Series): Standard 1/O pins (CMOS
three state) that can be accessed in 1-bit units.

RO, to RO,

110

RO port: Standard 1/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R1, to R1,

I/O

High voltage R1 port (HD404339 Series): High
voltage I/0 pins (PMOS open drain) that can be
accessed as a 4-bit unit.

Medium voltage R1 port (HD404369 Series): Medium
voltage 1/0 pins (NMOS open drain) that can be
accessed as a 4-bit unit.

R2,to R2,

110

High voltage R2 port (HD404339 Series): High
voltage I/0O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

Medium voltage R2 port (HD404369 Series): Medium
voltage I/0O pins (NMOS open drain) that can be
accessed as a 4-bit unit.

R3, to R3,

I/O

R3 port: Standard 1/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R4, to R4,

110

R4 port: Standard 1/0 pins (CMOS three state) that
can be accessed as a 4-bit unit.

R5, to R5,

I/O

R5 port: Standard 1/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R6, to R6,

110

R6 port: Standard 1/0O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R7,to R7,

I/O

R7 port: Three-bit standard 1/0O pins (CMOS three
state).

R8, to R8,

110

High voltage R8 port (HD404339 Series): High
voltage I/0O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

R8 port (HD404369 Series): Standard 1/O pins (CMOS
three state) that can be accessed as a 4-bit unit.

R9, to R9,

110

High voltage R9 port (HD404339 Series): High
voltage 1/0O pins (PMOS open drain) that can be
accessed as a 4-bit unit.

R9 port (HD404369 Series): Standard 1/O pins (CMOS
three state) that can be accessed as a 4-bit unit.
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Table1-8 HD404339 and HD404369 Series Pin Functions (cont)

Type Symbol I/O Function
Port RA, Input  High voltage RA port (HD404339 Series): Single bit
high voltage input pin.
RA port (HD404369 Series): Single bit standard input
pin.
System control TEST Input  Test: Connect to ground.
RESET Input  Reset: The microcomputer goes to the reset state
when a low level is applied to this pin.
STOPC Input  Stop mode clear: Input pin for clearing stop mode.

The microcomputer switches from stop mode to active
mode when a low level is applied to this pin.

Interrupt INT,, INT, Input  External interrupts 0 and 1: Falling edge detection
external interrupt inputs.

Alarm BUZZ Output Alarm output: Output pin for the alarm output.

8-bit timers TOC Output Timer C output: The timer C output.

EVNB Input  Timer B event input: The timer B event input. External
events can be counted on falling edges, rising edges,
or falling/rising edge pairs in this input. This pin can
also be used as an input capture trigger.

Serial interface SCK I/O Serial transfer clock 1/0: 1/O pin for the serial
interface clock.

Sl Input  Serial reception data input: Data input pin for the
serial interface.

SO Output Serial transmission output: Data output pin for the

serial interface.

A/D converter

AN, to AN,,  Input

Analog input channels 0 to 11: Analog input
channels for the A/D converter.
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Section2 Memory

2.1 Overview

Table 2-1 lists ROM and RAM capacities of the productsin the HMCSA3X X Family.

Table2-1 ROM and RAM Capacities

Series Product ROM RAM
HDA404344R HD404341R/HD40C4341R 1,024 words 256 digits
HD404342R/HD40C4342R 2,048 words
HD404344R/HD40C4344R 4,096 words
HD4074344 4,096 words
HD404394 HD404391 1,024 words 256 digits
HD404392 2,048 words
HD404394 4,096 words
HD4074394 4,096 words
HD404318 HD404314 4,096 words 384 digits
HD404316 6,144 words
HD404318 8,192 words
HD4074318 8,192 words
HD404358 HD404354/HD40A4354 4,096 words 384 digits
HD404356/HD40A4356 6,144 words
HD404358/HD40A4358 8,192 words
HD407A4359 16,384 words 512 digits
HD404358R HD404354R/HD40A4354R/HD40C4354R 4,096 words 512 digits
HD404356R/HD40A4356R/HD40C4356R 6,144 words
HD404358R/HD40A4358R/HD40C4358R 8,192 words

HD407A4359R 16,384 words
HD407C4359R 16,384 words
Note: 1 word: 10 bits
1 digit: 4 bits

HITACHI
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Table2-1 ROM and RAM Capacities (cont)

Series Product ROM RAM

HD404339 HD404334 4,096 words 512 digits
HD404336 6,144 words
HD404338 8,192 words
HD4043312 12,288 words
HD404339 16,384 words
HD4074339 16,384 words

HD404369 HD404364/HD40A4364 4,096 words 512 digits
HD404368/HD40A4368 8,192 words
HD4043612/HD40A43612 12,288 words
HD404369/HD40A4369 16,384 words
HD407A4369 16,384 words

Note: 1 word: 10 bits

1 digit: 4 bits
2.2 ROM

221 Vector Address Area

The vector address areais allocated to ROM addresses $0000 to $000F. On areset, when stop
mode is cleared, or when an interrupt is handled, the processor executes the instruction at one of
eight fixed vector addresses depending on the particular exception handling factor involved.
Therefore, user software should specify a IMPL instruction (the unconditional long jump
instruction: two words) that branches to the start of the appropriate reset, stop mode clear, or
interrupt handling routine at each of these vector addresses. (See figures 2-1 and 2-2.)

222 Zero Page Subroutine Area

The zero page subroutine areais allocated to ROM addresses $0000 to $003F. User programs can
make conditional subroutine callsto arbitrary addresses in this areawith the CAL instruction.

2.2.3 Pattern Area

The pattern areais allocated to ROM addresses $0000 to $OFFF. User programs can move ROM
bit patterns (8 bits) in this area either to the R1 and R2 port data register pair or to the accumulator
and B register pair with the P instruction.

40
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224 Program Area

All of the ROM address space can be used as program area.

Figure 2-1 shows the ROM memory map for the microcomputersin the HD404344R and
HD404394 Series.
ROM address ROM address
$0000 1} Vector address area $0000 JMPL instruction
16 words — (Jumps to the reset and stop —
$ggc1)2 ( ) | $0001 mode clear handling routine)
$ Zero page subroutine area $0002 JIMPL instruction
(64 words) \ — (Jumps to the INTg interrupt —
$003F \ $0003 handling routine)
$0040 ' 9
1-kword ROM product | $0004 | ]
program/pattern area ' $0005
(1,024 words) | — Unused —
. $0006
$O3FF ' — |
$0400 \ $0007
2-kword ROM product \ $0008 JMPL instruction
program/pattern area —  (QumpstothetimerB  —
(2,048 words) \\ $0009 interrupt handling routine)
$07FF | $000A JMPL instruction
\ — (Jumps to the timer C —
$0800 | $000B interrupt handling routine)
 Kiword HOM produict \\ $000C JMPL instruction
program/patter area — (Jumps to the A/D converter —
(4,096 words) ' $000D interrupt handling routine)
$OFFF $000E JMPL instruction
$1000 | — (Jumps to the serial interface —
L ?QQOE interrupt handling routine)
Unused
$3FFF

Note: The program/pattern area differs between different products in these series.
ROM Pattern Area Program Area
p Product - -
Capacity Addresses Capacity Addresses Capacity
1-kword HD404341R | HD404391 |$0000 to $03FF | 1,024 words | $0000 to $03FF | 1,024 words
HD40C4341R
2-kword HD404342R | HD404392 |$0000 to $07FF | 2,048 words | $0000 to $07FF | 2,048 words
HD40C4342R
4-kword HD404344R | HD404394 | $0000 to $0FFF | 4,096 words | $0000 to $0FFF | 4,096 words
HD40C4344R | HD4074394
HD4074344
Figure2-1 HD404344R and HD404394 SeriesROM Memory Map
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Figure 2-2 shows the memory map for the microcomputersin the HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series.

ROM address ROM address
$0000 1} Vector address area $0000 JMPL instruction
(16 words) — (Jumps to the reset and stop —
igggz _ | $0001 mode clear handling routine)
Zero page subroutine ' $0002 JIMPL instruction
$003F area (64 words) — (Jumps to the INT, interrupt —
$0040 \\ $0003 handling routine)
$0004 JMPL instruction
4-kword ROM product \ — (Jumps to the INT; interrupt —{
program/pattern area $0005 handling routine)
(4,096 words) \ $0006 JMPL instruction
$OFFF ) —  (Jumps to the timer A —
$1000 \ $0007 interrupt handling routine)
6-kword ROM product \ $0008 JMPL instruction
program area ! —  (JumpstothetimerB  —|
$17FF (6,144 words) \ $0009 interrupt handling routine)
$1800 ! $000A JMPL instruction
8-kword ROM product —  (Jumps to the timer C ]
S1FFF program area (8,192 words) $000B interrupt handling routine)
$2000 $000C JMPL instruction
s — (Jumps to the A/D converter —
000D int t handli ti
12-kword ROM product inferrip gn ng .rou ine)
program area $000E JMPL instruction
(12,288 words) — (Jumps to the serial interface —
' . $000F interrupt handling routine)
$2FFF
$3000
16-kword ROM product
program area
(16,384 words)
$3FFF

42

Note: The program area differs between different products in these series.
ROM Product Program Area
. roduc
Capacity Addresses Capacity
HD404354R
4kword | HD404314 Egjgﬁg‘é , |HD40A4354R | HD404334 HD“g“g‘é $0000 to $OFFF | 4,096 words
HD40C4354R HDA40A4364
HDa0a3ss | HD404356R
6-kword HD404316 HD40A4356 HD40A4356R | HD404336 — $0000 to $17FF | 6,144 words
HD40C4356R
HD404358R
HD404318 HD404358 HD404368
8-kword HD40A4358R | HD404338 $0000 to $1FFF | 8,192 words
HD4074318 | HD40A4358 HD40C4358R HD40A4368
HD4043612
12-kword — — — HD4043312 HD40A43612 $0000 to $2FFF | 12,288 words
HD404369
16-kword — HD407A4359 :B:g;éiggg'; :ng;‘iggg HD40A4369 | $0000 to $3FFF | 16,384 words
HD407A4369
Figure2-2 HD404318, HD404358, HD404358R, HD404339, and

HD404369 SeriesROM Memory Map
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2.3 RAM

Figure 2-3 shows the RAM memory map for the microcomputersin the HD404344R and
HD404394 Series.

RAM address RAM address
$o00 [ 1 $000
RAM mapped Interrupt control bit area
register area $003
. $004 |Port mode register A (PMRA) 1 W
$040 . ! $005 | Serial mode register (SMR) | W
Memory register (MR) . $006 |Serial data register L (SRL) ' RIW
$050 ! $007 | Serial data register U (SRU) ! RIW
Data ! Unused .
(176 digits) \ $009 |Timer mode register B1 (TMB1) ' W
| % {$00A Timer B (TRBL/TWBL) ' RIW
$100 ' $00B (TRBU/TWBU) | RIW
\ $00C | Miscellaneous register MIS) ' W
\ $00D [ Timer mode register C (TMC) ' W
! * {$00E Timer C (TRCL/TWCL)  RIW
| $ooF | ''Mer (TRCU/TWCU) | RIW
Unused |
\ Unused
$3C0 Stack ! $016 |A/D channel register (ACR) | W
64 (?'C't ! $017 | A/D data register L (ADRL) ' R
$3FF (64 digits) \ $018 |A/D data register U (ADRU) ' R
| $019 | A/D mode register 1 (AMR1) \ W
! $01A | A/D mode register 2 (AMR2) | W
| Unused
\
' $020
| Register flag area
! $023
\ $024 | Port mode register B (PMRB) 1 W
! $025 | Port mode register C (PMRC) | W
! $026 | Port mode register B2 (TMB2) | W
\ Unused
| $02C | Data control registers Dg to D3 (DCDO) | W
\ $02D [ Data control registers D4 and Ds_ (DCD1) | W
," Unused
| $030 | Data control register RO (DCRO) | W
| $031 | Data control register R1 (DCR1) « W
' $032 | Data control register R2 (DCR2) 1 W
1 $033 | Data control register R3 (DCR3) | W
Symbols |
R: Read only |
W:  Write only \ Unused
R/W: Read/Write \
L SO03F
Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) IR Timer write register BL (TWBL) Y
$00B | Timer read register BU (TRBU) ' R Timer write register BU (TWBU) ' W
$00E | Timer read register CL (TRCL) R Timer write register CL (TWCL) W
$00F | Timer read register CU (TRCU) ' R Timer write register CU (TWCU) '+ W

Figure2-3 HD404344R and HD404394 Series RAM Memory Map
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Figure 2-4 shows the RAM memory map for the microcomputersin the HD404318 Series.

44

RAM address RAM address
$o00 [ 1 $000
RAM mapped Interrupt control bit area
register area $003
$004 | Port mode register A (PMRA) + W
$040 | $005 | Serial mode register (SMR) | W
Memory register (MR) ! $006 | Serial data register L (SRL) ' R/W
\ $007 | Serial data register U (SRU) 1 RIW
$050 | $008 | Timer mode register A (TMA) T W
| $009 | Timer mode register B1 (TMB1) ' W
Data ! N {$00A Timer B (TRBL/TWBL) ' RIW
(304 digits) . $00B | |'Mer (TRBUITWBU) | RIW
| $00C | Miscellaneous register (MIS) | W
$180 ! $00D | Timer mode register C (TMC) '+ W
\ {$OOE Timer C (TRCL/TWCL)  RIW
! $00F | ''Mer (TRCUITWCU) | RIW
l‘, Unused
Unused i $016 | A/D channel register (ACR) | W
| $017 | A/D data register L (ADRL) I R
| $018 | A/D data register U (ADRU) ' R
' $019 [ A/D mode register 1 (AMRD) T W
| A/D mode register 2 AMR?2) |
$3C0 Stack ) $01A g ( )L W
3FF (64 digits) !
$ \ Unused
\
\ $020
\ Register flag area
| $023
| $024 | Port mode register B (PMRB) '+ W
‘ $025 | Port mode register C (PMRC) | W
\ $026 | Port mode register B2 (TMB2) | W
\
| Unused
y\
\ $030 | Data control register RO (DCRO), W
i Unused
\ $033 | Data control register R3 (DCR3) | W
H $034 | Data control register R4 (DCR4) | W
Symbols |
R: Read only | Unused
W:  Write only | $03F
R/W: Read/Write oo
Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) I R Timer write register BL (TWBL) W
$00B | Timer read register BU (TRBU) ' R Timer write register BU (TWBU) ' W
$O00E | Timer read register CL (TRCL) 1 R Timer write register CL (TwWcL) + w
$OOF | Timer read register CU (TRCU) ' R | Timer write register CU (Twev) - w
Figure2-4 HD404318 SeriesRAM Memory Map
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Figure 2-5 shows the RAM memory map for the microcomputers in the HD404358/HD404358R
Series.

RAM address RAM address
$000 7T s000
RAM mapped Interrupt control bit area
register area $003 i
$004 | Port mode register A (PMRA) . W
$040 N $005 | Serial mode register (SMR) ' W
Memory register (MR) \ $006 | Serial data register L (SRL) ' RIW
\ $007 | Serial data register U (SRU) | RIW
$050 ! $008 | Timer mode register A (TMA) ' W
Data \ $009 | Timer mode register B1 (TMB1) 1 W
304 digits)*2 \ $00A | . TRBL/TWBL) | R/W
(304 digits) \ *l{:sooa Timer B (TRBUITWBU) | RIW
$180 | $00C Miscellaneous rggister (MIS) W
! $00D | Timer mode register C (TMC) ' W
Daa | . l{$00E Timer C (TRCL/TWCL) ' RIW
(432 digits)*3 ! $00F (TRCU/TWCU) | RIW
$200 |
| Unused
Unused |
\ $016 | A/ID channel register (ACR) T W
! $017 | A/D data register L (ADRL) | R
$3C0 ' $018 | A/D data register U (ADRU) ' R
Stack H $019 | A/D mode register 1 (AMR1) 1 W
$3FF (64 digits) ! $01A | A/D mode register 2 (AMR2) | W
\
lv‘ Unused
\
\ $020
| Register flag area
| $023
| $024 | Port mode register B (PMRB) ' W
! $025 | Port mode register C (PMRC): W
\ $026 | Port mode register B2 (TMB2) | W
\
i Unused
'A
\ $02C [Data control registers Dg to D3 (DCD0) | W
| $02D |[Data control registers D4 to D7 (DCD1) ' W
i $02E | Data control register D8 (DCD2) 1 W
\ $02F Unused .
| $030 | Data control register RO (DCRO) ' W
i $031 | Data control register R1 (DCR1) | W
| $032 | Data control register R2 (DCR2) ! W
| $033 | Data control register R3 (DCR3) 1 W
\ $034 | Data control register R4 (DCR4) | W
\
| Unused
\
Symbols \ $038 | Data control register R8 (DCR8) | W
R: Read only !
W:  Write only ' Unused
R/W: Read/Write | $03F
Notes: 1. Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) I R Timer write register BL (TWBL) ' W
B | Timer read register ' imer write register LW
$00 Ti d i BU (TRBU) R Ti i i BU (TwBU) !
$00E | Timer read register CL (TRCL) | R ‘ Timer write register CL (TWCL) '+ W |
$00F | Timer read register CU (TRCU) R ‘ Timer write register CU (TWCU) LW |

2. Applies to the HD404354, HD404356, HD404358, HD40A4354, HD40A4356, and HD40A4358.
3. Applies to the HD404354R, HD404356R, HD404358R, HD40A4354R, HD40A4356R, HD40A4358R,
HD40C4354R, HD40C4356R, HD40C4358R, HD407A4359R, HD407C4359R, HD407A4359.

Figure2-5 HD404358/HD404358R SeriesRAM Memory Map
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Figure 2-6 shows the RAM memory map for the microcomputersin the HD404339 Series.

46

RAM address RAM address
$o00 [ 1 $000
RAM mapped $003 Interrupt control bit area
register area $004 | Port mode register A (PMRA) I W
$040 _ $005 [ Serial mode register (SMR) | W
] | $006 [ Serial data register L (SRL) ' RIW
Memory register (MR) | | $007 [Serial data register U (SRU) | RIW
$050 | $008 | Timer mode register A (TMA) | W
\ $009 | Timer mode register B1 (TMB1) ' W
\ « [$00A | . TRBL/TWBL) ' R'W
Pata ! [$008 | Timer B (TRBU/TWBU) | RIW
(432 digits) \ $00C | Miscellaneous register MIS) ; W
9 | $00D | Timer mode register C (TMC) ' W
! N [$00E Timer C (TRCL/TWCL)  RIW
| $00F | |'Mer (TRCU/TWCU) | RIW
$200 \l Unused
! $016 [ A/D channel register (ACR) | W
Unused \ $017 |A/D data register L (ADRL) " R
\ $018 | A/D data register U (ADRU) ' R
| $019 [ A/D mode register 1 (AMR1) | W
\ $01A [A/D mode register 2 (AMR2) T W
$3C0 Stack \
$3FF (64 digits) '
\ Unused
' $020
! Register flag area
H $023
! $024 | Port mode register B (PMRB) | W
| $025 | Port mode register C (PMRC) | W
| $026 [ Port mode register B2 (TMB2) © W
H $027 | System clock selection register 1 (SSR1) 1 W
\ $028 | System clock selection register 2 (SSR2) | W
! Unused
| $030 | Data control register RO (DCRO) | W
\ Unused
| $033 | Data control register R3 (DCR3) | W
| $034 | Data control register R4 (DCR4) | W
\ $035 | Data control register R5 (DCR5) ' W
Symbols | $036 | Data control register R6 (DCR6) 1 W
1 i T
R: Read only .' $037 | Data control register R7 (DCR7) | W
W:  Write only i Unused
R/W: Read/Write __ $03F
Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) R Timer write register BL (TWBL) W
$00B | Timer read register BU (TRBU) ' R Timer write register BU (TWBU) ' W
$00E | Timer read register CL (TRCL) 1 R | Timer write register CL (TwcL) | w
$00F | Timer read register CU (TRCU) ' R Timer write register CU (Tweu) + w
Figure2-6 HD404339 SeriesRAM Memory Map
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Figure 2-7 shows the RAM memory map for the microcomputersin the HD404369 Series.

RAM address RAM address
$000
RAM mapped Interrupt control bit area
register area $003 -
$004 | Port mode register A (PMRA) 1 W
$040 B $005 | Serial mode register (SMR) | W
Memory register (MR) | $006 | Serial data register L (SRL) ' RIW
H $007 | Serial data register U (SRU) 1 RIW
$050 ' $008 | Timer mode register A (TMA) | W
\ $009 | Timer mode register B1 (TMB1) | W
| N [$OOA Timer B TRBL/TWBL) ' RIW
Data ! soos | ''Mmer (TRBU/TWBU) | RIW
(432 digits) ' $00C | Miscellaneous register MIS) | W
| $00D | Timer mode register C (TMC) ' W
! N [$OOE Timer C (TRCL/TWCL) | RIW
! $OOF (TRCU/TWCU) | RIW
$200 '
i Unused
Unused 1
\ $016 | A/D channel register (ACR) | W
$3C0 | $017 [ A/D data register L (ADRL) " R
Stack ' $018 [A/D data register U {(ADRU) " R
$3FF (64 digits) \ $019 [ A/D mode register 1 (AMR1) . W
\ $01A | A/D mode register 2 (AMR2) T W
\
\‘y Unused
\
: $020
\ Register flag area
! $023
\ $024 [ Port mode register B (PMRB) | W
i $025 [ Port mode register C (PMRC) ! W
| $026 | Port mode register B2 (TMB2) '+ W
i $027 | System clock selection register 1 (SSR1) | W
| $028 | System clock selection register 2 (SSR2) | W
\ Unused
\ $02C | Data control registers Doto D3 (DCDO0) | W
\ $02D | Data control registers D4 to D7 (DCD1) ' W
! $02E | Data control registers Dgto D11 (DCD2) i W
' $02F | Data control registers D12 and D13(DCD3) | W
\ $030 | Data control register RO (DCRO) ' W
| $031 | Data control register R1 (DCR1): W
! $032 | Data control register R2 (DCR2) | W
' $033 | Data control register R3 (DCR3) ' W
H $034 | Data control register R4 (DCR4) ' W
! $035 | Data control register R5 (DCR5) | W
\ $036 | Data control register R6 (DCR6) | W
| $037 | Data control register R7 (DCR7) ' W
i $038 | Data control register R8 (DCR8) i W
Symbols ! $039 [ Data control register R9 (DCR9) | W
R:  Read only |
W:  Write only i Unused
. ; \
R/W: Read/Write ' soaF
Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) |\ R | Timer write register BL (TWBL) | W
$00B | Timer read register BU (TRBU) ! R Timer write register BU (TWBU) ' W
$00E | Timer read register CL (TRCL) | R | Timer write register CL (TweL) T w
$00F | Timer read register CU (TRCU) ' R | Timer write register CU (Twcu) '+ w

Figure2-7 HDA404369 SeriesRAM Memory Map
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231 RAM Mapped Register Area

The RAM mapped register areais allocated to RAM addresses $000 to $03F. It consists of three
sub-areas; the interrupt control bit area ($000 to $003), the special register area ($004 to $01F, and
$024 to $03F), and the register flag area ($020 to $023).

(1) Interrupt Control Bit Area ($000 to $003): The interrupt control bit area consists of the bits
used for interrupt control. These bits can only be accessed by using the RAM bit manipulation
instructions SEM, SEMD, REM, REMD, TM, and TMD. Figures 2-8 and 2-9 show the
configurations of the interrupt control bit areas in each seriesin the HMCS43X X Family.

The bitsin the interrupt control bit area can be set to 1 with a SEM or SEMD instruction and can
be cleared to 0 with aREM or REMD instruction. The TM and TMD instructions can be used to
test these bits. However, there are restrictions on the instructions that can be used with certain hits.
Table 2-2 lists the instruction restrictions on the interrupt control bit area.

RAM address Bit 3 Bit 2 Bit 1 Bit 0
IMO IFO RSP IE
$000 | (INTq interrupt (INTg interrupt (Stack pointer | (Interrupt enable
mask) request flag) reset) flag)
IMTC IFTC IMTB IFTB
$002 |(Timer C interrupt | (Timer C interrupt | (Timer B interrupt | (Timer B interrupt
mask) request flag) mask) request flag)
IMS IFS IMAD ) IFAD
$003 | (Serial interrupt | (Serial interrupt | (A/D converter | . (A/D converter
: interrupt request
mask) request flag) interrupt mask) flag)

: Shaded bits are unused

Figure2-8 HD404344R and HD404394 Series Interrupt Control Bit Area Configuration
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RAM address

$000

$001

$002

$003

Bit 3 Bit 2 Bit 1 Bit 0
IMO IFO RSP IE
(INTg interrupt (INTg interrupt (Stack pointer | (Interrupt enable
mask) request flag) reset) flag)
IMTA IFTA IM1 IF1
(Timer A interrupt | (Timer A interrupt| (INT, interrupt (INT interrupt
mask) request flag) mask) request flag)
IMTC IFTC IMTB IFTB
(Timer C interrupt | (Timer C interrupt | (Timer B interrupt | (Timer B interrupt
mask) request flag) mask) request flag)
IMS IFS IMAD A/D”:AD ,
(Serial interrupt | (Serial interrupt | (A/D converter irEterru%??\énggt
mask) request flag) interrupt mask) flag)

Figure2-9 HD404318, HD404358, HD404358R, HD404339, and HD404369 Series
Interrupt Control Bit Area Configuration

Table2-2 Interrupt Control Bit Arealnstruction Limitations
Instruction
SEM/SEMD REM/REMD TM/TMD
Bit Instruction Instruction Instruction*
IE O O O
IM O O O
IF A O O
RSP /\ O X
Symbols
O: Allowed
/\ :  The instruction will not be executed.
X : Unused
IF : Interrupt request flag
IM:  Interrupt mask
IE : Interrupt enable flag
RSP: Reset stack pointer

Note: * The microcomputer status is undefined if a TM or TMD instruction is executed for a
nonexistent bit or for an unused bit.

HITACHI
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(2) Special Register Area ($004 to $01F, and $024 to $03F): The special register area consists
of mode registers for external interrupts and peripheral functions, 1/0 port data control registers,
and other registers. There are three types of registers allocated to the special register area: read-
only registers, write-only registers, and read/write registers. These registers can be referenced by
immediate instructions, RAM register instructions, arithmetic instructions, and comparison
instructions.

Figures 2-10 to 2-12 show the structures of the special register aress.
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RAM address
$000

$003
PMRA $004
SMR $005
SRL $006
SRU $007

TMB1 $009
TRBL/TWBL $00A
TRBU/TWBU $00B

MIS $00C

TMC $00D
TRCL/TWCL $00E
TRCU/TWCU $00F

ACR $016
ADRL $017
ADRU $018
AMR1 $019
AMR2 $01A

$020

$023
PMRB $024
PMRC $025
TMB2 $026

DCDO $02C
DCD1 $02D

DCRO $030
DCR1 $031
DCR2 $032
DCR3 $033

$03F

Bit 3 Bit 2 Bit 1 Bit 0
Interrupt control bit area
R0O,/TOC \ RO,/SI R0,/SO
ROG/SCK Transfer clock selection

Serial data register (lower)

Serial data register (upper)

Auto-reload on/off \ Clock source setting (timer B)

Timer B register (lower)

Timer B register (upper)

Pull-up MOS control SO PMOS control ‘

Reload on/off Clock source setting (timer C)

Timer C register (lower)

Timer C register (upper)

A/D execution channel selection (ANg to AN; (HD404344R)/AN; to AN; (HD404394))

A/D data register (lower)

A/D data register (upper)

R34/ANg R3,/AN, \ R3,/AN; R3g/ANg*
A/D conversion time
Register flag area
D,/STOPC Do/INTo/EVNB
SO idle H/L setting | Transfer clock selection
EVNB edge selection

Port D; DCR Port D, DCR Port D; DCR Port Dy DCR
Port Ds DCR Port D, DCR

Port RO; DCR Port RO, DCR Port RO; DCR Port ROy DCR
Port R1; DCR Port R1, DCR Port R1; DCR Port R1; DCR
Port R2; DCR Port R2, DCR Port R2; DCR Port R2; DCR
Port R3; DCR Port R3, DCR Port R3; DCR Port R3, DCR

[ J]:Unused

Note: * Applies to the HD404344R Series. Unused in the HD404394 Series.

Figure2-10 HDA404344R and HD404394 Series Special Register Area Structure
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RAM address
$000

$003

PMRA $004

SMR $005

SRL $006

SRU $007

TMA $008

TMB1 $009
TRBL/TWBL $00A
TRBU/TWBU $00B
MIS $00C

TMC $00D
TRCL/TWCL $00E
TRCU/TWCU $00F

ACR $016
ADRL $017
ADRU $018
AMR1 $019
AMR2 $01A

$020

$023
PMRB $024
PMRC $025
TMB2 $026

DCDO $02C
DCD1 $02D
DCD2 $02E

DCRO $030
DCR1 $031
DCR2 $032
DCR3 $033
DCR4 $034

DCR8 $038

$03F

Bit 3 Bit 2 Bit 1 Bit 0
Interrupt control bit area
D4/BUZZ RO,/TOC \ RO,/SI R0,/SO
R0y/SCK Transfer clock selection

Serial data register (lower)

Serial data register (upper)

Clock source setting (timer A)

Auto-reload on/off

Clock source setting (timer B)

Timer B register (lower)

Timer B register (upper)

Pull-up MOS control

SO PMOS control |

Reload on/off

Clock source setting (timer C)

Timer C register (lower)

Timer C register (upper)

A/D execution channel selection (ANg to AN-)

A/D data register (lower)

A/D data register (upper)

R33/AN; R3,/AN, R3,/AN; R3,/ANg
R4/AN, to AN A/D conversion time
Register flag area
D,/STOPC \ D,/EVNB D,/INT, Do/INT,
Alarm frequency SO idle H/L setting | Transfer clock selection
\ Input capture setting EVNB edge selection

Port D; DCR* Port D, DCR*

Port D, DCR*

Port D, DCR*

Port D, DCR* Port Dg DCR*

Port D DCR*

Port D, DCR*

Port Dg DCR*

Port RO; DCR Port R0, DCR

Port RO, DCR

Port RO, DCR

Port R1; DCR* Port R1, DCR*

Port R1, DCR*

Port R1, DCR*

Port R2; DCR* Port R2, DCR*

Port R2; DCR*

Port R2, DCR*

Port R3; DCR Port R3, DCR

Port R3; DCR

Port R3, DCR

Port R4; DCR Port R4, DCR

Port R4; DCR

Port R4, DCR

Port R8; DCR* Port R8, DCR*

Port R8; DCR*

Port R8, DCR*

Note: * Applies to the HD404358/HD404358R Series. Unused in the HD404318 Series.

[ ]:Unused

Figure2-11 HD404318, HD404358 and HD404358R Series
Special Register Area Structure
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RAM address Bit 3 Bit 2 Bit 1 Bit 0
$000
Interrupt control bit area
$003
PMRA $004 D,/BUZZ RO5/TOC \ RO,/SI R0,/SO
SMR $005 RO,/SCK Transfer clock selection
SRL $006 Serial data register (lower)
SRU $007 Serial data register (upper)
TMA $008 Timer A/time base Clock source setting (timer A)
TMB1 $009 Reload on/off Clock source setting (timer B)
TRBL/TWBL $00A Timer B register (lower)
TRBU/TWBU $00B Timer B register (upper)
MIS $00C | Pull-up MOS control SO PMOS control \ Interrupt frame period control
TMC $00D Reload on/off Clock source setting (timer C)
TRCL/TWCL $00E Timer C register (lower)
TRCU/TWCU $00F Timer C register (upper)
ACR $016 A/D execution channel selection (ANO to AN11)
ADRL $017 A/D data register (lower)
ADRU $018 A/D data register (upper)
AMR1 $019 R35/AN, R3,/AN, R3,/AN; R3,/AN,
AMR2 $01A R5/ANg to ANy, R4/AN, to AN, A/D conversion time
$020
Register flag area
$023
PMRB $024 D,/STOPC \ D,/EVNB D,/INT, Do/INT,
PMRC $025 Alarm frequency SO idle H/L setting | Transfer clock selection
TMB2 $026 Input capture setting EVNB edge selection
SSR1 $027 | 32 kHz oscillator stop |32 kHz/divisor selection|System clock selection\
SSR2 $028 Oscillator divisor selection
DCDO $02C Port D; DCR* Port D, DCR* Port D, DCR* Port Do DCR*
DCD1 $02D Port D; DCR* Port Dg DCR* Port D; DCR* Port D, DCR*
DCD2 $02E Port D;; DCR* Port D;q DCR* Port Dy DCR* Port Dg DCR*
DCD3 $02F Port D;3 DCR* Port D;, DCR*
DCRO $030 Port RO; DCR Port RO, DCR Port RO; DCR Port ROy DCR
DCR1 $031 Port R1; DCR* Port R1, DCR* Port R1; DCR* Port R1, DCR*
DCR2 $032 Port R2; DCR* Port R2, DCR* Port R2, DCR* Port R2, DCR*
DCR3 $033 Port R3; DCR Port R3, DCR Port R3; DCR Port R3, DCR
DCR4 $034 Port R4; DCR Port R4, DCR Port R4; DCR Port R4, DCR
DCR5 $035 Port R5; DCR Port R5, DCR Port R5; DCR Port R5, DCR
DCR6 $036 Port R6; DCR Port R6, DCR Port R6; DCR Port R64 DCR
DCR7 $037 Port R7, DCR Port R7, DCR Port R7, DCR
DCR8 $038 Port R8; DCR* Port R8, DCR* Port R8; DCR* Port R8; DCR*
DCR9 $039 Port R9; DCR* Port R9, DCR* Port R9; DCR* Port R9, DCR*
$O3F

Note: * Applies to the HD404369 Series. Unused in the HD404339 Series.

[ ]:Unused

Figure2-12 HD404339 and HD404369 Series Special Register Area Structure
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(3) Register Flag Area ($020 to $023): The register flag area consists of the ADSF and WDON
flags, interrupt control bits, and other bits. These bits can only be accessed by using the RAM hit
manipulation instructions SEM, SEMD, REM, REMD, TM, and TMD. Figures 2-13 to 2-15 show
the configurations of the register flag areasin each seriesin the HMCS43X X Family.

The bitsin the register flag area can be set to 1 with a SEM or SEMD instruction and can be
cleared to 0 with aREM or REMD instruction. The TM and TMD instructions can be used to test
these bits. However, there are restrictions on the instructions that can be used with certain bits.
Table 2-3 lists the instruction restrictions on the register flag area.

RAM address Bit 3 Bit 2 Bit 1 Bit O
WDON
ADSF
$020 (A/D start flag) (Watchdog on
flag)
RAME

$021 | (RAM enable ( Iﬁ(f?';a )

flag) AD 9
$022
$023

: Unused
Figure2-13 HD404344R and HD404394 Series Register Flag Area Configuration
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RAM address Bit 3 Bit 2 Bit 1 Bit 0
WDON
ADSF
$020 (AID start flag) (Watchdog on
flag)
RAME IAOF ICEF ICSF
$021 | (RAM enable (Ip Off flag) (Input capture (Input capture
flag) AD 9 error flag) status flag)
$022
$023
: Unused
Figure2-14 HDA404318, HD404358 and HD404358R Series
Register Flag Area Configuration
RAM address Bit 3 Bit 2 Bit 1 Bit 0
WDON
DTON ADSF LSON
$020 | bTONflag) | (A/D start flag) (Wat?lgg;)g °" | (LSON flag)
RAME IAOF ICEF ICSF
$021 | (RAM enable | 1l (Input capture (Input capture
flag) (Iap off flag) error flag) status flag)
$022
$023

: Unused

Figure2-15 HD404339 and HD404369 Series Register Flag Area Configuration
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Table2-3 Register Flag AreaInstruction Limitations

Instruction
SEM/SEMD REM/REMD TM/TMD
Bit Instruction Instruction Instruction*
IM O O O
LSON
IAOF
IF A O O
ICSF
ICEF
RAME
RSP A O X
WDON O X
ADSF @) X @)
DTON /\ (active mode) O O
(O (subactive mode)
Unused /\ /\ X
Symbols
O: Allowed
/\ :  The instruction will not be executed.
X : Unused
DTON: Direct transfer on flag
IF : Interrupt request flag
IM:  Interrupt mask

Note: * The microcomputer status is undefined if a TM or TMD instruction is executed for a
nonexistent bit or for an unused bit.
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232 Memory Register Area

The memory register (MR) areais allocated to RAM addresses $040 to $04F. Figure 2-16 shows
the structure of the MR area. This area consists of 16 memory registers, and is a data area that can

be accessed by the LAMR and XMRA register to register instructions in addition to the usual

RAM access instructions.

RAM address

$040
$041
$042
$043
$044
$045
$046
$047
$048
$049
$04A
$04B
$04C
$04D
$04E
$04F

MR (0)

MR (1)

MR (2)

MR (3)

MR (4)

MR (5)

MR (6)

MR (7)

MR (8)

MR (9)

MR (10)

MR (11)

MR (12)

MR (13)

MR (14)

MR (15)

Figure2-16 Memory Register Area Structure
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2.3.3 Data Area

The data areais allocated to the whole of RAM. Note that the size differs between products. Table
2-4 shows the structure of the data areas in the different products in the HMCS43X X Family.

Table2-4 DataArea Structure

Series Product RAM Addresses Capacity (Digits)
HD404344R All products $050 to $OFF 176
HD404394
HD404318 All products $050 to $17F 304
HD404358 HD404354/HD40A4354 $050 to $17F 304

HD404356/HD40A4356

HD404358/HD40A4358

HD407A4359 $050 to $1FF 432
HD404358R All products $050 to $1FF 432
HD404339 All products $050 to $1FF 432
HD404369 All products $050 to $1FF 432
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2.34 Stack Area

The stack areais alocated to RAM addresses $3C0 to $3FF. Figure 2-17 shows the structure of
the stack area. This areais used to save the program counter (PC), the status (ST), and the carry

(CA) on asubroutine call (with the CAL or CALL instruction) or an interrupt. Since four digits are

used for each level, up to 16 levels of subroutine calls can be used.

The saved value of the PC isrestored by the RTN and RTNI instructions. The ST and CA are only
restored by the RTNI instruction. That part of the stack area not used for subroutine calls or

interrupts can be used as adata area.

RAM address
$3C0 Level 16

Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 9

Level 8 Bit 3 Bit 2

Bit 1

Bit 0

Level 7

Level 6 /l $3FC ST PCis

PC1o

PCy1;

Level 5

$3FD | PCy, PC
Level 4

PCs

PC;

Level3 | $3FE| ca PCe

PCs

PCy

Level 2 , 447
$3FF | Level 1l $3FF | PCy PC,

PCy

PCo

PC,3.q is the program counter

Note: The value of the PC is saved with all bits inverted.

Figure2-17 Stack Area Structure
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Section3 CPU

3.1 Overview

The HMCS400 CPU supports a concise and efficient instruction set in which all instructions are
either one-word or two-word instructions, and all instructions are executed in one or two cycles,
except for the return instruction, which requires 3 cycles.

311 Features

The HMCS400 CPU provides the following features.
¢ 101 instructionsin ten classes

Immediate instructions: 4

Register to register instructions: 8

RAM addressing instructions; 13

RAM/register instructions: 10

Arithmetic instructions: 25

Comparison instructions: 12

RAM bit manipulation instructions. 6

ROM addressing instructions: 8

1/0 ingtructions; 11 (including the P instruction*)
Control instructions: 4

Oo0DoOoogogoooogdg

¢ Three RAM addressing modes and four ROM addressing modes

0 RAM addressing modes
— Register indirect addressing
— Direct addressing
— Memory register addressing

0 ROM addressing modes
— Direct addressing
—  Current page addressing
— Zero page addressing
— Table data addressing*

Note: * The Pinstruction isaspecial instruction that transfers the contents of ROM (8 hits)
determined by the table data addressing mode to either the accumulator/B register pair or
to the R1/R2 port data register pair.

61
HITACHI



» A 16,384 word ROM address space and a 1,024 digit RAM address space
* Instruction execution time: 1 ps (when f o« =4 MH2)
* Low power modes

The SBY and STOP instructions switch the HMCS400 CPU to alow power mode.

312 Address Space

The HMCS400 CPU address space consists of two independent address spaces. a ROM address
space and aRAM address space. The ROM address space consists of word (10-bit) units with
addresses in the range $0000 to $3FFF. The RAM address space consists of digit (4-bit) units with
addresses in the range $000 to $3FF. See section 2, “Memory” for detailed information.
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313 Register Organization

Figure 3-1 shows the organization of the HMCS400 CPU internal registers.

Accumulator

B register

W register

X register

Y register

SPX register

SPY register

Carry

Status

Program counter
Initial value:
0, R/W not allowed

Stack pointer

Initial value: $3FF, R/W not allowed

3 0

Initial value: undefined, R/W allowed | A |
3 0

Initial value: undefined, R/W allowed | B |
1 0

Initial value: undefined, R/W allowed
3 0

Initial value: undefined, R/W allowed | X |
3 0

Initial value: undefined, R/W allowed | Y |
3 0

Initial value: undefined, R/W allowed | SPX |
3 0

Initial value: undefined, R/W allowed | SPY |
0

Initial value: undefined, R/W allowed
0

Initial value: 1, R/W not allowed
13 0
9 0

(212 ]1] sP |

Figure3-1 HMCS400 CPU Internal Register Organization
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3.2 CPU Reqgisters

321 Accumulator (A) and B Register (B)

The A and B registers are 4-bit registers that hold the results of ALU (arithmetic and logic unit)
operations and transfer data with memory, 1/0 ports, and other registers.

322 W Register (W), X Register (X), and Y Register (Y)

The W register is a 2-bit register and the X and Y registers are 4-bit registers that are used in the
RAM register indirect addressing mode. The'Y register is also used for D port addressing.

323  SPX Register (SPX), SPY Register (SPY)

The SPX and SPY registers are 4-bit registers that are used as auxiliary registersfor the X and Y
registers.

324 Carry Flag (CA)

The CA flag is a 1-bit flag that holds the ALU overflow state when an arithmetic instruction is
executed. When an overflow occurs CA is set to 1, and when no overflow occurs, it is cleared to 0.
The CA flag isinfluenced by the SEC and REC carry set and reset instructions and by the ROTL
and ROTR rotate with carry instructions.

During interrupt handling, the carry state is saved on the stack and restored by the RTNI
instruction.

3.25 Status Flag (ST)

The ST flag is a 1-bit flag that holds the result of arithmetic instructions, comparison instructions,
and bit test instructions. It is used as the condition for the BR, BRL, CAL, and CALL conditional
branch instructions. The ST flag retains its value until another arithmetic, comparison, or bit test
instruction is executed. The ST flag is set to 1 after aconditional branch instruction is executed,
regardless of whether the branch condition holds or not.

During interrupt handling, the ST flag state is saved on the stack and restored by the RTNI
instruction.

3.26 Program Counter (PC)

The PC is a 14-bit counter that holds the addressin ROM of the next instruction that the CPU will
execute.
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3.2.7 Stack Pointer (SP)

The SPisa10-hit register that points to the RAM address of the next empty slot in the stack area.
The SPisinitialized to $3FF by areset. It is decremented by four each time datais saved when a
subroutineis called or an interrupt is handled. It isincremented by four each time areturn
instruction is executed.

The top four bits of the SP are always 1111. Therefore, 16 levels is the maximum amount of stack
that can be used.

In addition to the reset method described above, the stack pointer can also be reset to $3FF by
clearing to O the reset stack pointer (RSP) bit in the interrupt control bit areawith a RAM bit
manipulation instruction (REM or REMD).

33 Addressing Modes

The HMCS400 CPU supports atotal of seven addressing modes; three RAM addressing modes
and four ROM addressing modes.

331 RAM Addressing Modes

The HMCS400 CPU supports the three RAM addressing modes shown in figure 3-2.

(1) Register Indirect Addressing Mode: Register indirect addressing mode instructions consist
of oneword, and usethe W, X, and Y registersto form a 10-bit RAM address. (See figure 3-2
1)

(2) Direct Addressing Mode: Direct addressing mode instructions consist of two words. The first
word is the opcode and the second word specifies a 10-bit RAM address. (Seefigure 3-2 (2).)

(3) Memory Register Addressing Mode: Memory register addressing mode instructions consist
of one word, in which the upper 6 bits specify the opcode and the lower 4 bits specify one of the
memory registers 0 to 15. (Seefigure 3-2 (3).)
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(1) Register Indirect Addressing
W register X register Y register

Wi [Wo | X3 | X2 | X | Xo | Ya | Y2 | Y1 | Yo

RAM address |APg|APg|AP;|APg|APs|AP4|AP3| AP, | AP |APq

(2) Direct Addressing Mode

Instruction (first word) Instruction (second word)

Opcode dg | dg| d7 | dg| ds | dg | d3 | dp | dy | dg

RAM address APg APB AP7 APG AP5 AP4 AP3 AP2 Apl Apo

(3) Memory Register Addressing Mode
Instruction

Opcode msz | My | My | Mg

RAM address |APg|APg|AP7|APg|AP5|AP4 | AP3 | AP, | AP1 | AP

Figure3-2 RAM Addressing Modes
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332 ROM Addressing Modes and the P I nstruction

The HMCS400 CPU supports the four ROM addressing modes shown in figure 3-3. The
HMCS400 CPU also supports, as a special case, access to ROM data at addresses determined by
table data addressing using the P instruction. (See figure 3-4.)

(1) Direct Addressing Maode: Direct addressing mode instructions consist of two words. The
lower 4 bits of the first word and the 10 bits of the second word form a 14-bit ROM address. (See
figure 3-3(1).)

(2) Current Page Addressing M ode: The HMCS400 CPU ROM address space ($0000 to
$3FFF) isdivided into 256 word units, called pages. Thus the ROM address space is divided into
64 pages numbered page 0 to page 63.

Current page addressing mode instructions consist of one word. The lower 8 bits, which follow the
2-bit opcode, specify a ROM address in the same page as the instruction itself. (Seefigure 3-3

2.

(3) Zero Page Addressing Mode: Zero page addressing mode instructions consist of one word.
The lower 6 bits, which follow the 4-bit opcode, specify an address from $0000 to $003F in page
zero. (Seefigure 3-3 (3).)

(4) Table Data Addressing Mode: Table data addressing mode instructions consist of one word.
The lower 4 bits, which follow the 6-bit opcode, in conjunction with the contents of the
accumulator (A) and the B register (B), form a 12-bit ROM address.

(5) PInstruction: The Pinstruction is used to access ROM data at an address determined by
table data addressing. The upper two bits of the referenced ROM data are used to determine where
the lower 8 bits will be transferred. If bit 8is 1, the datais transferred to the A/B pair, if bit 9is1
the dataiis transferred to the R1/R2 port data register (PDR) pair. (See figure 3-4.) If both bits 8
and 9 are 1, the datais transferred to both the A/B pair and the R1/R2 port PDR pair. The PC is
not influenced by the execution of a P instruction.
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(1) Direct Addressing Mode

Instruction (first word)

Instruction (second word)

[IMPL] \ \ \ \

[BRL] Opcode Ps P, P Pyldg d
[CALL] ! ! | 3,72 7t "o e e

d; dg ds dy d3 dy dp

do

Program counter

PC,3PCy2 PC11 PC1o PCy PCg PC; PCg PCs PC4 PC3 PC, PCy PCy
I I I I I I I I I I I I I

(2) Current Page Addressing Mode

Instruction

(BR]

b; bs bs by, by by by
|

bo

Program counter

PC13PC1, PCy3 PC19 PCg PCg PC; PCg PC5 PC,4 PC3 PC, PCy PCy
| | | | | | | | | | | | |

(3) Zero page addressing mode

Instruction

[CAL]

as

ay

az

ap

33‘ ‘ao

0 O

| |

0

i

0 0 O

bt

0 o

Ly

T
Program counter

PC13PC12PC13 PCy9 PCg PCg PC; PCg PC5 PC4 PC3 PC, PC; PCy
| | | | | | | | | | | | |

(4) Table Data Addressing Mode
Instruction

[TBR] Opcode

P3

pz‘ pl‘ Po

B register

Accumulator

Bg‘Bz‘ Bl‘ Bo

A3‘A2‘A1‘Ao

Program counter

PC,3PC1,PC11PC1g PCyg PCg PC; PCs PCs PC4 PC3 PC, PC; PCy
| | | | | | | | | | | | |
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(1) Address Specification

Instruction

P3

T T
Opcode
|

pz‘ pl‘ Po

B register

Accumulator

0 O

B: B
|

B1

BO A3

A2 A1 Ao
| | |

Referenced ROM address

RA3 RA;, RA(; RA(g RAg RAg RA; RAg RAs RA; RA; RA, RA; RAg
| | | | | | | | | | | | |

(2) Pattern Output

ROM data

ROy ROg RO; ROg ROs RO, RO3 RO, RO; ROy
| | | | | | | | |

Accumulator, B register

Bs B:
|

B1 Bo
|

Az Az
|

A1 Ao
|

ROM data

ROy ROg RO7 ROg ROs RO, ROz RO, RO; RO
| | | | | | | | |

Port data registers for R1/R2 port

R2; R2, R2; R2g
| | |

R1s R1, R1; Rl
| | |

(when ROg =1)

(when ROg = 1)

Figure3-4 ROM Data Reference Using the P Instruction
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34 Processing States

34.1 Overview

The HMCS400 CPU has three processing states: the program execution state, the exception
handling state, and the program stopped state. Figure 3-5 shows a classification of the processing
states and figure 3-6 shows the state transition diagram for these states.

Active mode

The CPU operates at high

] ] speed according to the
Processing Program execution system clock.

state state

State in which programs
are executed sequentially.

Subactive mode

The CPU operates at
low speed according
to the subsystem clock.

Exception handling
state

Transitional state in which the CPU processing
state has been changed due to a reset,

the clearing of stop mode, or an interrupt exception
handling event

Low power
modes

L_| Program stop state Stop mode
Low power state in which .
clock supply to the CPU
is stopped Watch mode

Standby mode

Note: * Only applies to the HD404339/HD404369 Series.

Figure3-5 Processing State Classification
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Program execution

state
Completion Interrupt or
of exception reset
STOP or SBY handling
instruction
Exception handling
state
Interrupt, reset, or
stop mode clear
— Program stopped state

Figure3-6 State Transition Diagram

34.2 Program Execution State

In the program execution state, the HM CS400 CPU executes programs sequentially. The program
execution state has two modes: active mode and subactive mode.

(1) Active Mode: In active mode, the HMCS400 CPU operates at high speed on the system
clock.

(2) Subactive Mode (HD404339/HD404369 Series Products Only): In subactive mode, the
HMCS400 CPU operates at low speed from the subsystem clock. This provides low power
operation.

The HMCS400 CPU switches to subactive mode when an INT,, or timer A interrupt occursin
watch mode when the LSON bit in the register flag areais 1.

Although the system clock oscillator stops, the CPU, built-in peripheral modules, and the 1/0O ports
operate from the subsystem clock. However, A/D converter operation stops.

Refer to sections 5 and 6, “Low Power Modes’, for details on the low power states.
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343 Exception Handling State

The exception handling state is the transitional state in which the HMCS400 CPU normal
processing flow has changed due to areset, the clearing of stop mode, or an interrupt. In interrupt
exception handling, the program counter (PC), carry (CA), and status (ST) are saved on the stack.
Refer to section 4, “ Exception Handling”, for details on exception handling.

344 Program Stopped State

The program stopped state has three modes: stop mode, watch mode, and standby modes. These
modes realize low power states.

(1) Stop Mode: Stop mode is entered when a STOP instruction is executed in active mode when
the TMA3 bit in timer mode register A (TMA) isset to 0.

The system clock oscillator stops and the CPU, peripheral functions, and 1/0 ports go to the reset
state. The contents of RAM will be maintained as long as the stipul ated voltage is applied.

The transition to stop mode must be made from active mode.

(2) Watch Mode (HD404339/HD404369 Series Products Only): Watch modeis entered in the
following two cases:

* A STOP instruction is executed in active mode with the TMA3 bit in timer mode register A
(TMA) setto 1, or

» Either aSTOP or SBY instruction is executed in subactive mode with either the LSON flag set
to 1 (and the DTON flag either O or 1) or both the LSON flag set to 0 and the DTON flag set to
0.

The system clock oscillator stops but the subsystem clock oscillator continues to operate.
Although the CPU and the built-in peripheral modules stop, the contents of RAM, the CPU
registers, and the peripheral function registers are maintained as long as the stipulated voltage is
applied. The 1/O port states are also maintained. However, note that of the built-in peripheral
modules, timer A continues to operate.

(3) Standby Mode: Standby mode is entered when an SBY instruction is executed. (active mode
- standby mode)

Although operating clock supply to the CPU is stopped and the CPU stops, the built-in peripheral
functions continue to operate. The contents of the CPU registers and RAM and the I/O port states
are maintained.
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Section 4 Exception Handling

4.1 Overview

The HMCS400 CPU recognizes three types of exception factors: reset, stop mode clear, and
interrupts. Table 4-1 lists the types of exception handling and their priorities.

Table4-1 ExceptionsTheir Priorities

Priority Exception Factor Exception Handling Initiation Timing

High Reset There are two reset exception factors:
« RESET pin input
When the RESET pin goes low the system enters the
reset state and exception handling starts immediately.
* Watchdog timer overflow

When the watchdog timer overflows the system enters
the reset state and exception handling starts
immediately.

Stop mode clear There are two stop mode clear exception factors:
e RESET pin input

Stop mode is cleared when the RESET pin goes low.
The system enters the reset state and exception
handling starts immediately.

e STOPC pin input
Stop mode is cleared when the STOPC pin goes low.

The system enters the reset state and exception
handling starts immediately.

Interrupts When an interrupt request occurs exception handling starts
at the completion of the current instruction or at the
Low completion of the current exception handling.
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4.2 Reset

421 Overview

Reset isthe highest priority exception. There are two factors that initiate reset exception handling
asfollows.

(1) RESET Pin Input: When the RESET pin goes low all processing is discontinued and the
system goesto the reset state. A reset causes the CPU internal registers and the built-in peripheral
module registers to beinitialized, and then reset exception handling starts immediately.

(2) Watchdog Timer Overflow: When timer C isused as a watchdog timer, the system entersthe
reset state when timer C overflows. After performing the same operations as performed in
response to a RESET pin input, reset exception handling starts immediately.

422 Reset Sequence
When areset exception factor occurs the system enters the reset state.

Toreliably reset the system when the system clock oscillator is stopped (including the state
immediately following power on), the RESET pin must be held low for at least the duration of the
oscillator stabilization period, i.e., tRC. Similarly, when stop mode is cleared by a STOPC pin
input, the STOPC pin must be held low for at least tRC.

Also, when resetting during normal operation, the RESET pin must be held low for at least two
instruction cycles.

When areset exception factor occurs, the system operates as follows.
Note: Refer to section 25, “Electrical Characteristics’, for detailed information on tRC.

1. When reset exception handling starts due to either a RESET pin input or a watchdog timer
overflow, the RAM enable flag (RAME) in the register flag areais cleared to O.

2. The CPU interna states and the built-in peripheral module registers are initialized. The
interrupt enable flag (IE) is cleared to 0 disabling all interrupts. Refer to section 4.4, “Initia
Values of Registers and Flags at Reset and Stop Mode Clear”, for the initial values of the
registers.

3. The vector address $0000 is loaded into the PC. Therefore, the CPU will branch to the reset
handling routine if a JMPL instruction to that routine is stored in locations $0000 and $0001.
The RESET pininput isan asynchronous input; that is, whatever state the system isin, it will
always goes to the reset state when the RESET pin goes low.

74
HITACHI



4.3 Stop Mode Clear

43.1 Overview

The exception factors that clear stop mode are input to the STOPC pin and input to the RESET pin
when the system isin stop mode. This exception factor causes stop mode to be cleared and the
system to be reset.

4.3.2 Stop Mode Clear Sequence (RESET Pin Input)

When the RESET pin goes low with the system in stop mode, stop mode is cleared and the system
enters the reset state. To reliably clear stop mode, the RESET pin must be held low for at |east
tRC.

433 Stop Mode Clear Sequence (STOPC Pin Input)

When the STOPC pin goes low with the system in stop mode, stop mode is cleared and the system
enters the reset state. To reliably clear stop mode, the STOPC pin must be held low for at least
tRC.

Except for setting the RAM enable flag to 1 and retaining the values of the PMRB3 hit in port
mode register B (PMRB) and the SSR13 hit in system clock selection register 1 (SSR1)*,
operation isidentical to reset exception handling.

Note: * Applies only to the HD404339 and HD404369 Series.
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4.4 Initial Values of Registers and Flags on Reset and Stop M ode Clear
Table 4-2 lists the values of registers and flags on reset and when stop modeis cleared.

Table4-2 (1) Initial Values of Registersand Flags on Reset and Stop M ode Clear

Initial Value
HD404344R HD404318, HD404339
and HD404358 and
HD404394 and HD404369
Series HD404358R Series
Item Series
Program counter (PC) $0000 $0000 $0000
Status (ST) 1 1 1
Stack pointer (SP) $3FF $3FF $3FF
Interrupt Interrupt enable flag (IE) 0 0 0
flagsand |errypt request flag (IF) 0 0 0
masks
Interrupt mask (M) 1 1 1
1/0 High voltage pin port data (PDR)  All bits 0 All bits 0 All bits 0
register
Medium/standard voltage port (PDR)  All bits 1 All bits 1 All bits 1
data register
Data control register (DCR)  All bits 0 All bits 0 All bits 0
Port mode register A (PMRA) -000 0000 0000
Port mode register B (PMRB) 0--0 0000 0000
Port mode register C (RMRC) --00 0000 0000
Timerand  Timer mode register A (TMA) -000 0000
serial Timer mode register B1 (TMB1) 0000 0000 0000
interface - -
Timer mode register B2 (TMB2) --00 -000 -000
Timer mode register C (TMC) 0000 0000 0000
Serial mode register (SMR) 0000 0000 0000
Prescaler S (PSS)  $000 $000 $000
Prescaler W (PSW) $00
Timer counter A (TCA) $00 $00
Timer counter B (TCB)  $00 $00 $00
Timer counter C (TCC) %00 $00 $00

Note: “X” indicates undefined bits, and “-” indicates nonexistent bits. Shaded areas indicate that
the corresponding register does not exist.
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Table4-2 (1) Initial Values of Registersand Flags on Reset and Stop M ode Clear (cont)

Initial Value
HD404344R HD404318, HD404339
and HD404358 and
HD404394 and HD404369
Series HD404358R Series
Item Series
Timerand  Timer write register B (TWBU, L) $X0 $X0 $X0
serial Timer write register C (TWCU, L) $X0 $X0 $X0
interface
Octal counter (0C) 000 000 000
A/D A/D mode register 1 (AMR1) 0000/000- 0000 0000
converter /b mode register 2 (AMR2) -0 --00 -000
A/D channel register (ACR) 0000 0000 0000
A/D data register (ADRU, L) $80 $80 $80
Bit registers Low speed on flag (LSON) 0
Direct transfer on flag (DTON) 0
Watchdog timer on flag (WDON) 0 0 0
A/D start flag (ADSF) 0 0 0
Input capture status flag (ICSF) 0 0
Input capture error flag (ICEF) 0 0
IAD off flag (IAOF) 0 0 0
Others Miscellaneous register (MIS) 00-- 00-- 0000
System clock selection (SSR1) 000
register 1, bits2to 0
System clock selection (SSR2) --00

register 2

Note: “X"indicates undefined bits, and “-” indicates nonexistent bits. Shaded areas indicate that
the corresponding register does not exist.
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Table 4-2 (2) lists the states of the registers and flags not listed in table 4-2 (1).

Table4-2 (2) Initial Values of Registersand Flags on Reset and Stop M ode Clear

Stop Mode Cleared by After Other System Resets
STOPC Pin Input

Carry (cA) The values directly preceding The values directly preceding
Aceumulator (A eraned These mustbe  retaned. Theoe must be

B register (B) initialized by the user initialized by the user program.
W register (W) program.

XISPX registers (XISPX)

Y/SPY registers (Y/SPY)

Serial data register (SRU, L)

RAM The values immediately prior

to the point stop mode was
entered are retained.

Port mode register B, (PMRB3)
bit 3

The values immediately prior
to the point stop mode was

System clock selection (SSR13)
register 1, bit 3

entered are retained.

RAM enable flag (RAME)
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4.5 Interrupts

45.1 Overview

There are two classes of sources that can initiate interrupt handling: external interrupts (INT, and
INT,) and requests from built-in peripheral modules. Independent vector addresses are allocated to
each of these interrupts. Table 4-3 lists the interrupts, their priorities, and their vector addresses.
When multiple interrupts occur at the same time, the interrupt with the highest priority is
processed.

Table4-3 Interrupts

Interrupt
HD404318, HD404358,

HD404344R and HD404358R, HD404339, and
HD404394 Series HD404369 Series Vector Address Priority
INT, INT, $0002 High
—* INT, $0004
—* Timer A $0006
Timer B Timer B $0008
Timer C Timer C $000A
A/D converter A/D converter $000C
Serial interface Serial interface $000E Low

Note: * Vector addresses $0004 to $0007 are not used in the HD404344R and HD404394 Series.

These interrupts have the following features.

¢ All external and internal interrupts are controlled by the interrupt enable flag (IE). That is, no
interrupts are accepted when the |E bit is cleared to 0.

« ThelINT, and INT, pin input interrupts are falling edge detection external interrupts.
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45.2

Interrupt Registersand Flags

Table 4-4 lists the registers and flags that control interrupts. Note that the control bitsin the
interrupt control bit area can only be manipulated with the RAM bit manipulation instructions.

Table4-4 Interrupt Control Registers

Address Register Abbreviation R/W Initial Value
$024 Port mode register B PMRB W $0

$000, 0 Interrupt enable flag IE R/W 0

$000,1 Reset SP bit Interrupt RSP (W) Undefined
$000, 2  External interrupt O request flag control bit IFO R/(W) O

$000, 3  External interrupt mask ares IMO R/W 1

$001,0 External interrupt 1 request flag* IF1 R/(W) O

$001, 1 External interrupt 1 mask* IM1 R/W 1

$001,2  Timer A interrupt request flag* IFTA R/(W) O

$001,3  Timer A interrupt mask* IMTA RW 1

$002,0  Timer B interrupt request flag IFTB R/(W) O

$002,1  Timer B interrupt mask IMTB R/W 1

$002,2  Timer C interrupt request flag IFTC R/(W) O

$002, 3 Timer C interrupt mask IMTC R/W 1

$003,0  A/D interrupt request flag IFAD R/(W) O

$003,1  A/D interrupt mask IMAD R/W 1

$003,2  Serial interrupt request flag IFS R/(W) O

$003,3  Serial interrupt mask IMS R/W 1

“(W)” indicates that only a write of O to clear the flag is possible.

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
These flags cannot be used in the HD404344R and HD404394 Series.
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(1) Port Mode Register B (PMRB: $024): PMRB isa4-bit write-only register that switches the
D port 1/0O pin shared functions.

HD404344R and HD404394 Series
PMRB3 — — PMRBO
Initial value 0 — _ 0
Read/Write Y — _ W
Unused L Do/INTo/EVNB pin function switch

0 | Dg input pin
1 | INTo/EVNB input pin

— D4/STOPC pin function switch
0 | D4 I/O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as
the D, 1/0 pin or asthe STOPC input pin.

The PMRB3 hit is cleared to 0 on reset. In stop mode, the value of the PMRB3 bit immediately
prior to entering stop mode is retained.

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 0—D,/INT/EVNB Pin Function Switch (PMRBO0): Selects whether the D,/INT,/EVNB pin
is used asthe D, 1/0 pin or asthe INT,/EVNB input pin.

Refer to section 18.2.2, “ Timer Mode Register B2 (TMB2)”, for details on switching between the
INT, and EVNB functions.

The PMRBO bit is cleared to 0 on reset and in stop mode.

PMRBO Description
0 The D,/INT,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/INT,/EVNB pin functions as the INT,/EVNB input pin.
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HD404318, HD404358, HD404358R. HD404339, and HD404369 Series

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write W W W W

LDO/INTO pin function switch
0 | Dg I/O pin
1 | INTq input pin

—D4/INT pin function switch
0 | D4 /O pin
1 | INT; input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

— D,4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as
the D, 1/0 pin or asthe STOPC input pin.

The PMRB3 bit is cleared to 0 on reset. In stop mode, the value of the PMRB3 bit immediately
prior to entering stop mode is retained.

PMRB3 Description

0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.
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Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pin is used as
the D, 1/O pin or asthe EVNB input pin.

The PMRB2 bit is cleared to 0 on reset.

PMRB2 Description
0 The D,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.

Bit 1—D,/INT, Pin Function Switch (PMRB1): Selects whether the D,/INT, pinis used asthe
D, /O pin or asthe INT; input pin.

The PMRBL1 hit is cleared to 0 on reset and in stop mode.

PMRB1 Description
0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.

Bit 0—D//INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, I/0 pin or asthe INT, input pin.

The PMRBO bit is cleared to 0 on reset and in stop mode.

PMRBO Description
0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.

(2) Interrupt Enable Flag (1E: $000, 0): The |E flag controls whether the CPU will accept
interrupts for al interrupt request types. The |E flag is cleared to 0 by the hardware when an
interrupt is accepted and is set to 1 when an RTNI instruction is executed.

This flag can be read and written by the bit manipulation instructions.

Thisflag iscleared to 0 on reset and in stop mode.

IE Description
0 The CPU disables all interrupts. (initial value)
1 The CPU accepts interrupts.
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(3) External Interrupt 0 and 1 Request Flags (IF0: $000, 2, IF1: $001, 0*): IFO and IF1 are
flags that reflect whether an interrupt request is outstanding on the corresponding INT, and INT,
externa interrupt pin. When the specified input edge is detected on an external interrupt pin, the
corresponding external interrupt request flag is set to 1.

Only falling edges are detected on the INT, and INT, pins.

The IFO0 and IF1 flags can be read and written only by the bit manipulation instructions. However,
note that only a0 may be written.

IFO and IF1 are never cleared automatically, even when an interrupt is received. They must be
cleared to 0 by the software.

These flags are cleared to 0 on reset and in stop mode.

IFO, IF1* Description

0 Indicates that no interrupt has been requested on the corresponding INT, or INT,.
(initial value)

1 Indicates that an interrupt has been requested on the corresponding INT, or INT,.

Note: * The external interrupt 1 request flag (IF1) applies to the HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series. Since there is no INT, pin in HD404344R
and HD404394 Series products, the IF1 flag cannot be used in those products.

(4) External Interrupt 0Oand 1 Masks (IMO: $000, 3, IM1: $001, 1*): IMO and IM1 are bits
that mask the corresponding IFO and IF1 flags. The CPU will accept an external interrupt when
IFO or IF1lisset to 1 only if the corresponding IMO or IM1isclearedto O and IE is 1.

The CPU will not receive an interrupt request from IFO or IF1 if the corresponding IMO or IM1 is
setto 1. That is, the interrupt will be deferred.

IMO and IM1 can be read and written only by the bit manipulation instructions.
These masks are set to 1 on reset and in stop mode.

IMO, IM1* Description

0 IFO or IF1 is enabled.
1 IFO or IF1 is masked. The interrupt will be deferred even if either IFO or IF1 is set
to 1. (initial value)

Note: * The external interrupt 1 mask (IM1) applies to the HD404318, HD404358, HD404358R,
HD404339, and HD404369 Series. Since there is no INT, pin in HD404344R and
HD404394 Series products, the IM1 mask cannot be used in those products.
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(5) Timer A to C Interrupt Request Flags (IFTA: $001, 2*, IFTB: $002, O, IFTC: $002, 2):
IFTA to IFTC are flags that reflect whether an interrupt request is outstanding from the
corresponding timer A to C. When one of timers A to C overflows, the corresponding interrupt
request flag (IFTA to IFTC) isset to 1.

IFTA to IFTC can be read and written only by the bit manipulation instructions.
However, note that only a0 may be written.

IFTA to IFTC are never cleared automatically, even when an interrupt is received. They must be
cleared to 0 by the software.

These flags are cleared to 0 on reset and in stop mode.

IFTA* to IFTC Description

0 Indicates that no interrupt has been requested by the corresponding timer
AtoC. (initial value)
1 Indicates that an interrupt has been requested by the corresponding timer
Ato C.

Note: * The timer A interrupt request flag (IFTA) applies to the HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series. Since there is no timer A in HD404344R
and HD404394 Series products, the IFTA flag cannot be used in those products.

(6) Timer AtoC Interrupt Masks (IMTA: $001, 3*, IMTB: $002, 1, IMTC: 002, 3): IMTA
to IMTC are bits that mask the corresponding IFTA to IFTC flags. The CPU will accept atimer
interrupt when one of IFTA to IFTC isset to 1 only if the corresponding IMTA to IMTC is cleared
toOandIEis 1

if IMTAtoIMTC issetto 1, evenif the corresponding IFTA or IFTCissetto 1. That is, the
interrupt will be deferred.

IMTA to IMTC can be read and written only by the bit manipulation instructions.
These masks are set to 1 on reset and in stop mode.

IMTA* to IMTC  Description

0 IFTA to IFTC are enabled.
1 IFTA to IFTC are masked. The interrupt will be deferred even if any of IFTA to
IFTC are set to 1. (initial value)

Note: * The timer A interrupt mask (IMTA) applies to the HD404318, HD404358, HD404358R,
HD404339, and HD404369 Series. Since there is no timer A in HD404344R and HD404394
Series products, the IMTA mask cannot be used in those products.
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(7) Serial Interrupt Request Flag (1FS: $003, 2): IFSisabit that reflects whether an interrupt is
outstanding from the serial interface. IFSis set to 1 when the serial interface completes a transfer,
including forced termination.

The IFS flag can be read and written only by the bit manipulation instructions. However, note that
only a0 may be written.

IFSis never cleared automatically, even when an interrupt is received. It must be cleared to 0 by
the software.

Thisflag iscleared to 0 on reset and in stop mode.

IFS Description
0 Indicates that no interrupt has been requested by the serial interface. (initial value)
1 Indicates that an interrupt has been requested by the serial interface.

(8) Serial Interrupt Mask (IMS: $003, 3): IMSisabit that masksthe IFS flag. The CPU will
accept a seria interrupt when IFSissetto 1 only if IMSisclearedtoOand IEis 1.

The CPU will not receive an interrupt request from IFSif IMSisset to 1. That is, the interrupt will
be deferred.

IMS can be read and written only by the bit manipulation instructions.

Thismask is set to 1 on reset and in stop mode.

IMS Description

0 IFS is enabled.

1 IFS is masked. The interrupt will be deferred even if IFS is set to 1. (initial value)
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(9) A/D Interrupt Request Flag (IFAD: $003, 0): IFAD isabit that reflects whether an A/D
interrupt request is outstanding. This bit is set to 1 when the A/D converter completes a
conversion.

The IFAD flag can be read and written only by the bit manipulation instructions. However, note
that only a0 may be written.

IFAD isnever cleared automatically, even when an interrupt is received. It must be cleared to 0 by
the software.

Thisflag iscleared to 0 on reset and in stop mode.

IFAD Description
0 Indicates that no interrupt has been requested by the A/D converter.  (initial value)
1 Indicates that an interrupt has been requested by the A/D converter.

(10) A/D Interrupt Mask (IMAD: $003, 1): IMAD is abit that masks the IFAD flag. The CPU
will accept an A/D interrupt when IFAD issetto 1 only if IMAD isclearedto O and IE is 1.

The CPU will not receive an interrupt request from IFAD if IMAD isset to 1. That is, the interrupt
will be deferred.

IMAD can be read and written only by the bit manipulation instructions.

Thismask is set to 1 on reset and in stop mode.

IMAD Description
0 IFAD is enabled.
1 IFAD is masked. The interrupt will be deferred even if IFAD is set to 1. (initial value)
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453 External Interrupts

There is one external interrupt source, the INT, pin, in HD404344R and HD404394 Series
products, and there are two external interrupt sources, the INT, and INT, pins, in HD404318,
HD404358, HD404358R, HD404339, and HD404369 Series products. These external interrupts
are generated by falling edges on the corresponding INT, and INT, pins.

When an external interrupt occurs, the corresponding external interrupt request flag (IFO or IF1) is
set to 1. These interrupts can be masked or enabled independently by the external interrupt masks
IMO and IM1. Notethat all interrupts are masked or enabled by the interrupt enable flag IE.

When an external interrupt is accepted, the |E flag is cleared to 0 by the hardware during interrupt
handling to disable the acceptance of other interrupts.

The INT, interrupt has higher priority than the INT, interrupt. Refer to table 4-3 for details.

454 Internal Interrupts

There are four internal interrupt sources from the built-in peripheral modulesin the HD404344R
and HD404394 Series products: timer B, timer C, the A/D converter, and the seria interface.
There arefiveinternal interrupt sources from the built-in peripheral modules in the HD404318,
HD404358, HD404358R, HD404339, and HD404369 Series products: timer A, timer B, timer C,
the A/D converter, and the serial interface.

When an internal interrupt occurs, the corresponding interrupt request flag (IF) isset to 1. These
interrupts can be masked or enabled independently by the interrupt masks (IM). Note that all
interrupts are masked or enabled by the interrupt enable flag IE.

When an internal interrupt is accepted, the |E flag is cleared to O by the hardware during interrupt
handling to disable the acceptance of other interrupts.

Refer to table 4-3 for details on the priority of internal interrupts.
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455 Interrupt Handling Sequence

Interrupts are controlled by the interrupt controller. Figure 4-1 shows the block diagram of the
interrupt controller, and tables 4-5 (@) and 4-5 (b) list the activation conditions for interrupt
handling. Figures 4-2 and 4-3 show the flowcharts for the sequences up to the point where an
interrupt is accepted. The interrupt handling sequence is described below.

1

When an interrupt occurs and the interrupt request flag (IF) is set to 1 in the state where the
corresponding interrupt mask (IM) is cleared to 0, an interrupt signal is sent to the priority
controller.

The priority controller selects the interrupt with the highest priority and defers the other
interrupts.

Next the interrupt controller checks the interrupt enable flag (1E). If IE is 1, the highest priority
interrupt is accepted, but if IE isO, al interrupts are deferred.

When an interrupt is accepted, the interrupt controller waits for the execution of the current
instruction to complete. At that point, the values of the program counter (PC), the carry (CA),
and the status (ST) are saved on the stack and the stack pointer is decremented by 4.

IE iscleared to 0. Thisdisables all interrupts.

Theinterrupt controller generates the vector address corresponding to the accepted interrupt
and loads that value into the PC. Execution of the interrupt handler starts at the branch
destination of the IMPL instruction stored at the vector address. (The user must code a IMPL
instruction to the start of the corresponding interrupt handler at each vector address.)
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$000,0

[E ]

Interrupt
request

$000,2

INTq interrupt

I Vector
Priority controller [—= address

A/D interrupt

Serial interrupt

Note: Items enclosed in the dashed box apply to the HD404318, HD404358, HD404358R,
HD404339, and HD404369 Series products. The HD404344R and HD404394 Series
products do not have the INT; and timer A interrupts.

Figure4-1 Interrupt Controller Block Diagram
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Table4-5(a) Interrupt Handling Activation Conditions (HD404344R and HD404394 Series)

Interrupt Control Bit

Interrupt Source INT, Timer B Timer C  A/D Converter Serial Interface
IE 1 1 1 1 1
IFO - IMO 1 0 0 0 0
IFTB - IMTB * 1 0 0 0
IFTC - IMTC * * 1 0 0
IFAD - IMAD * * * 1 0
IFS - IMS * * * * 1

Note: * Operation is not influenced by this value, be it 0 or 1.

Table 4-5 (b)

Interrupt Control Bit

Interrupt Handling Activation Conditions (HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series)

o A/D Serial
Interrupt Source INT, INT, TimerA TimerB TimerB Converter Interface
IE 1 1 1 1 1 1 1
IFO - IMO 1 0 0 0 0 0 0
IF1 - IMT * 1 0 0 0 0 0
IFTA - IMTA * * 1 0 0 0 0
IFTB - IMTB * * * 1 0 0 0
IFTC - IMTC * * * * 1 0 0
IFAD - IMAD * * * * * 1 0
IFS - m * * * * * * 1

Note: * Operation is not influenced by this value, be it 0 or 1.
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Power on

No
Reset?
Yes Interrupt Yes
request?
No No IE =172
Yes
System reset | ||nstruction execution| Accept the interrupt |
1]
IE~0
[ PC-(PO)+1 | Stack - (PC)
Stack ~ (CA)
Stack ~ (ST)
<—| PC ~ $0002 INT, interrupt?
< PC - $0004
~—__ PC — $0006
«——  PC - $0008
l«—— PC — $000A
<—| PC ~ $000C A/D interrupt?
«——{ PC. $000E |«

(serial interrupt)

Note: The section enclosed in the dashed box applies to the HD404318, HD404358, HD404358R,
HD404339, and HD404369 Series products. The HD404344R and HD404394 Series products
do not have the INT; and timer A interrupts.

Figure4-2 Interrupt Acceptance Flowchart
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Instruction cycles

1 2 3 4 5 6
| | | | | | |
[ [ [ [ [ [ |
Instruction
execution*
Registers Registers
Interrupt pushed on pushed on
acceptance stack, stack, vector
IE reset address
generation

Execution of the IMPL
instruction at the vector
address

Execution of
the instruction
at the start of
the interrupt
routine

Note: * Registers are pushed on the stack and IE is reset after the completion of instruction
execution for two cycle instructions also.

Figure4-3 Interrupt Handling Sequence
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Section5 Low Power Modes
(HD404344R/HD404394/HD404318/HD404358
/HD404358R Series)

51 Overview

511 Features

The HD404344R, HD404394, HD404318, HD404358, and HD404358R Series support the
following two low power modes.

e Standby mode
e Stop mode

Table 5-1 lists the methods for switching to and clearing these modes and the clock states. Table
5-2 liststhe internal states of the CPU and the built-in peripheral modules.

Table5-1 Operating Modesand Clock States

Mode Entering Procedure System Clock Oscillator Clearing Procedure

Standby mode  SBY instruction Operating e RESET pin input

e Interrupt request

Stop mode STOP instruction Stopped ¢ RESET pin input

¢« STOPC pin input in stop
mode
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Table5-2 Operationin Low Power Modes

Mode

Function Stop Mode Standby Mode
CPU Reset Maintained
RAM Maintained Maintained
Timer A* Reset

Timer B Reset

Timer C Reset

Serial interface Reset

A/D converter Reset

1/0 ports Reset (high impedance) Maintained

Notes: Shaded items operate normally.
* Applies to the HD404318, HD404358 and HD404358R Series.
There is no timer A in the HD404344R and HD404394 Series.
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512 State Transition Diagram

Figure 5-1 shows the state transition diagram for the low power modes.

Reset due to a RESET
pin input or a watchdog
timer overflow

RAME =0 y RAME =1
Reset 1 | | Reset 2
STOPC
SBY instruction STOP instruction
fosc: Operates [ fosc: Operates [ ™| fosc: Stopped
Fcpy: Stopped geput feye Fcpy: Stopped
ZpeR: foye | Zper! foyc Zper: Stopped
Interrupt

Standby mode Active mode Stop mode
Symbol Description

fosc System clock oscillator

feye foscl4

dcpu CPU operating clock

PpPER Built-in peripheral module operating clock

Figure5-1 State Transition Diagram

513 Pin Functions

Table 5-3 lists the functions of the pins used to control the low power operating modes.
Table5-3  Pin Functions

Pin Symbol 1/0 Function

Stop mode clear STOPC Input Stop mode clear
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514 Registersand Flags
Table 5-4 lists the registers and flags that control the low power operating modes.

Table5-4 Registersand Flags

Address Item Abbreviation R/W Initial value
$024 Port mode register B PMRB w $0
$021, 3 RAM enable flag RAME R/(W) 0

(W): Indicates that only a write of 0 to clear the flag is possible.

Note: The RAME flag is allocated in the register flag area and can only be manipulated with the
bit manipulation instructions. Refer to section 2, “Memory”, for details.
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52 Register and Flag Descriptions

521 Port Mode Register B (PMRB: $024)
HD404344R and HD404394 Series

PMRB is a 2-hit write-only register that switches the functions of the D port pins.

The PMRBO hit is cleared to 0 on reset and in stop mode. The PMRB3 hit is cleared to 0 only on

reset.

This section describes the PMRB3 hit. Refer to the sectionstitled “Port Mode Register B” in
sections 7 and 8, “1/0 Ports”, for details on the PMRBO bit.

Bit 3 2 1 0
PMRB3 — — PMRBO

Initial value 0 — — 0

Read/Write w — — w

L Do/INTo/EVNB pin function switch
0 | Dg I/O pin
1 | INT/EVNB input pin

Unused

— D4/STOPC pin function switch
0 | D4 I/O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as

the D, 1/0 pin or asthe STOPC input pin.

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.
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HD404318, HD404358 and HD404358R Series

PMRB isa4-bit write-only register that switches the functions of the D port pins.

The PMRB2 to PMRBO bits are cleared to 0 on reset and in stop mode. The PMRB3 hit is cleared
to 0 only on reset.

This section describes the PMRB3 bit. Refer to the sections titled “ Port Mode Register B” in
sections 9 and 10, “1/O Ports’, for details on the PMRBO to PMRB2 hits.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write w w w w

LDOIINTO pin function switch
0 | Dg I/O pin
1 | INTq input pin

— D4/INT; pin function switch
0 | D4 /O pin
1 | INT; input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

—— D4/STOPC pin function switch
0 | D4 I/O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinisused as
the D, I/O pin or asthe STOPC input pin. The PMRB3 hit is cleared to 0 only on reset.

PMRB3 Description

0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.
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522 RAM Enable Flag (RAME: $021, 3)
RAME reflects whether stop mode was cleared by aRESET pin input or by a STOPC pin input.

In stop mode, the contents of RAM directly prior to entering stop mode are maintained, and the
contents of RAM are maintained both when stop mode is cleared by a STOPC pin input and when
itiscleared by aRESET pin input. However, the contents of RAM are maintained only by resets
meant to clear stop mode. Therefore, to use the previous contents of RAM after stop mode is
cleared, applications must clear stop mode with a STOPC pin input and test the value of the

RAME flag after switching to active mode. If RAME is 1, the contents of RAM are guaranteed to
have been maintained.

Although 0 can be written to clear thisflag, it cannot be set to 1.

Thisflag iscleared to 0 on reset.

RAME Description
0 Indicates the stop mode was not cleared by a STOPC pin input. (initial value)
1 Indicates the stop mode was cleared by a STOPC pin input.
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53 Standby Mode

531 Entering Standby Mode
Standby mode is entered by executing an SBY instruction from active mode.

In standby mode, the oscillators continue to operate but the clocks related to instruction execution
stop. CPU operation stops and the states of registers, RAM, and D ports and R ports set to output
maintain the values they had prior to standby mode. Timers, the serial interface, and other built-in
peripheral modules continue to operate.

Power consumption islower than in active mode due to the CPU being stopped.

532 Clearing Standby M ode

Standby mode can be cleared either by aRESET pin input or by an interrupt.

(1) Clearingwith a RESET Pin Input: When the RESET pin goes low the system entersthe
reset state and standby mode is cleared.

(2) Clearing with an Interrupt: Standby mode is cleared and the system enters active mode
when an interrupt occurs with its corresponding interrupt flag (IF) set to 1 and its interrupt mask
(IM) cleared to 0. After the transition the instruction following the SBY instruction is executed. If
theinterrupt enable flag (IE) is 1, the corresponding interrupt handler will be executed. If IEis0,
the interrupt is deferred and the execution of the immediately preceding instruction sequence
continues. Figure 5-2 shows the flowchart for the sequence that occurs when low power modes are
cleared.
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Figure5-2 Flowchart for Exiting Low Power Modes
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54 Stop Mode

54.1 Entering Stop Mode

The system switches to stop mode when a STOP instruction is executed in active mode. In stop
mode, the contents of RAM are maintained and the CPU and al functions of the peripheral
modules stop. Accordingly, stop mode is the mode with the lowest power consumption of al
operating modes.

Note that the system clock oscillator stopsin stop mode.

54.2 Clearing Stop Mode

Stop modeis cleared by an input to either the RESET pin or the STOPC pin.

(1) Clearingwith a RESET Pin Input: When the RESET pin goes low the system entersthe
reset state and stop mode is cleared. Although RAME will be cleared during interrupt handling,
the contents of RAM are maintained after stop modeis cleared.

(2) Clearingwith a STOPC Pin Input: When the STOPC pin goes low the system entersthe
reset state and stop mode is cleared. Unlike the case for aRESET pininput, RAME issetto 1
during reset exception handling. The contents of RAM are maintained after stop modeis cleared.

After stop modeis cleared by a STOPC pin input and the system has entered active mode, the
software can determine that the contents of RAM prior to entering stop mode were maintained by
testing the state of the RAME flag.

Although RESET pininput isvalid in al operating modes, STOPC pin input isonly valid in stop
mode and isignored in other operating modes.
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54.3 Post-Stop M ode Oscillator Stabilization Period

Figure 5-3 shows the timing chart for clearing stop mode. Be sure to hold the RESET or STOPC
pinlow for at least the oscillator stabilization period (tzc). See“ AC Characteristics’ in section 25,
“Electrical Characteristics’, for details.

Stop mode

|
I

Oscillator

Internal clock

STOPC or
RESET

KI LTI
2 -

STOP instruction ‘
executed

tres ‘
(Oscillator stabilization
period (tgc) or longer)

Figure5-3 Stop Mode Clear Timing

55 L ow Power Mode Operating Sequence

Figure 5-4 shows the low power mode operating sequence. If a STOP or SBY instruction is
executed in the state where the | E flag is cleared, an interrupt flag is set, and the corresponding
interrupt mask is cleared, then the STOP or SBY instruction will be cancelled (treated as a NOP)
and execution will continue from the next instruction. Therefore, before executing a STOP or SBY
instruction, either clear all interrupt flags or mask interrupts.
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STOP/SBY instruction

| |
Standby mode Stop mode
No
Interrupt
handling Yes Yes
routine
Hardware NOP Hardware NOP RAME = 1
executed executed
| | |
PC - (PC)+1 PC -« (PC)+1 System reset

|

Instruction execution

|

System operation
cycle

Note: See figure 5-2, “Flowchart for Exiting Low Power Modes”, for details on IF and IM
operation.

Figure5-4 Low Power Mode Operating Sequence
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Section 6 Low Power Modes
(HD404339 and HD404369 Series)

6.1 Overview

6.1.1 Features
The HD404339 and HD404369 Series support the following four low power modes.

e Standby mode
e Stop mode

¢ Watch mode

¢ Subactive mode

Table 6-1 lists the methods for switching to and clearing these modes and the clock statesin these
modes. Table 6-2 lists the internal states of the CPU and the built-in peripheral modules.

Table6-1 Operating Modesand Clock States

State

System Subsystem

Clock Clock
Mode Entering Procedure Oscillator  Oscillator Clearing Procedure
Standby SBY instruction from active mode « RESET pin input
mode e Interrupt request
Stop STOP instruction when TMA3 =0  Stopped * « RESET pin input
mode « STOPC pin input

in stop mode
Watch ~ STOP instruction when TMA3 =1 Stopped e RESET pin input
rode. o SBY nsucton o subactve ¢ Timer Aor T
LSON is 0 and DTON is 0) Interrupt request

Subactive A timer A or INT, interrupt request  Stopped « RESET pin input

mode from watch mode when LSON is 1. « STOP or SBY

instruction

Notes: Shaded items indicate normal operation.

* This oscillator either operates or stops in this mode depending on the setting of SSR13 in
the system clock selection register 1 (SSR1).
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Table6-2 Operation in Low Power Modes

Mode
Function Stop Mode Watch Mode Standby Mode Subactive Mode
CPU Reset Maintained Maintained
RAM Maintained Maintained Maintained
Timer A Reset
Timer B Reset Stopped
Timer C Reset Stopped
Serial interface Reset Stopped*
A/D converter Reset Stopped Stopped
1/0 ports Reset Maintained Maintained

(high impedance)

Notes: Shaded items operate normally.

* In external clock mode data transmission and reception are performed if a clock signal is
supplied. However, interrupts are stopped.
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6.1.2

State Transition Diagram

Figure 6-1 shows the state transition diagram for the low power modes.

Reset due to either
a RESET pin input
or the watchdog timer

Stop mode

(TMA3 =0, SSR13=0)
fosc: Stopped
fy: Operates
! | @cpy: Stopped
dcik: Stopped
Zper: Stopped

(TMA3 =0, SSR13=1
fosc: Stopped
fy: Stopped
@cpu: Stopped

=

™ goLk: Stopped
Zper: Stopped

Watch mode

TMA3 =1, LSON = 0)
fosc: Stopped

fx: Operates
@cpu: Stopped

geik: fw
ZpeR: Stopped

TMA3 =1, LSON =1)
fosc: Stopped

fx: Operates
dcpu: Stopped
goik: fw

RAME=0¢ RAME =1 STAPA
| Resetl | | Reset2 | STOPC
STOPC
Standby mode Active mode
A Y
fosc: Operates i ) fosc: Operates STOP
fy.  Operates |4  SBY instruction: |- Qperates instruction
gcpu: Stopped gepu: foye
Zeik feye Interrupt || 2CLK feye STOP instruction
DPER: nyC 9PER: fcyc
I (TMA3=0)
¢y (TMA3=1)
fosc: Operates SBY instruction | | fosc: Operates | {STOP instruction; _ |
fy.  Operates [* fx:  Operates Timer A or
gcpy: Stopped gepu foye INT, interrupt
gek: fw Interru ™ g fw -
pt
DpER: fcyc DPER: fcyc ST?P ti
1 instruction v
Subactive mode |"* 2 -
fosc: Stopped *3 -
fy:  Operates
gcpu: fsus
goik: fw -
Oper: fsus Timer A or

Notes: 1. STOP/SBY instruction (DTON=1, LSON=0)

2. STOP/SBY instruction (DTON=0, LSON=0)
3. STOP/SBY instruction (DTON=<any>, LSON=1)

INT interrupt

Symbol Description
fosc System clock oscillator

fx Subsystem clock oscillator

fcvc fosc/4, fosc/s, fosc/le, or fosc/32
fw fx/8

fSUB fx/g or fx/4

dcpu CPU operating clock

gcLK Timer A operating clock

PPER Built-in peripheral module operating clock (except timer A)
LSON Low speed on flag

DTON DTON flag

ZpeR: Stopped

Figure6-1 State Transition Diagram
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6.1.3 Pin Functions

Table 6-3 lists the functions of the pins used to control the low power operating modes.
Table6-3  Pin Functions

Pin Symbol I/1O Function

Stop mode clear STOPC Input Stop mode clear

6.1.4 Registersand Flags
Table 6-4 lists the registers and flags that control the low power operating modes.

Table6-4 Registersand Flags

Address Item Abbreviation R/W Initial value
$00C Miscellaneous register MIS W $0

$027 System clock selection register 1 SSR1 w $0

$008 Timer mode register A TMA w $0

$024 Port mode register B PMRB w $0

$020, 0 Low speed on flag LSON R/W

$020, 3 DTON flag DTON R/W

$021, 3 RAM enable flag RAME R/(W) 0

(W): Indicates that only a write of 0 to clear the flag is possible.

Note: Control bits in the register flag area can only be manipulated with the bit manipulation
instructions. Refer to section 2, “Memory”, for details.
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6.2

6.2.1

Register and Flag Descriptions

Miscellaneous Register (M1S: $00C)

MISis a4-bit write-only register that turns the port pull-up MOS transistors on or off, turnsthe R
port SO pin output buffer PMOS transistor on or off, and sets both the oscillator stabilization
period time when clearing alow power mode as well as the interrupt frame period for watch and
subactive modes.

MISisinitialized to $0 on reset and in stop mode.

This section describes the MIS0 and MISL1 hits. The MIS2 and M 1S3 bits are described in the
“Miscellaneous Register” itemsin section 11 and 12, “1/O Ports’.

Bit 3 2 1 0
MIS3 MIS2 MIS1 MISO

Initial value 0 0 0 0

Read/Write W w W W

]

Interrupt frame period and oscillator stabilization period

0 0 |0.24414 ms| 0.12207 (0.24414) ms* | External clock
1 |15.625ms | 7.8125ms Ceramic oscillator
1 0 |125ms 62.5 ms Crystal oscillator
1 Unused —

— R0,/SO pin output buffer control

0 | PMOS transistor active (CMOS output)

1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control

0

All pull-up MOS transistors off

1

Pull-up MOS transistors active

Note: * Values in parentheses are direct transition time values.
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Bits 1, 0—Interrupt Frame Period and Oscillator Stabilization Period (M1S1, MIS0): These
bits set the interrupt frame period (in watch mode and subactive mode) and the oscillator
stabilization period when clearing low power modes. The oscillator stabilization period set by the
MIS1 and MIS0 bits must be longer than the oscillator stabilization period (tzc) for the system
clock stipulated in the AC characteristics.

Interrupt Frame Oscillator Stabilization Oscillator Circuit
MIS1 MISO Period (T)** Period (tRC)** Conditions
0 0 0.24414 ms 0.12207 ms (0.24414 ms)*?*  External clock input
1 15.625 ms 7.8125 ms Ceramic oscillator
1 0 125 ms 62.5 ms Crystal oscillator
1 Unused Unused —

Notes: 1. These values for T and tRC assume a 32.768 kHz crystal oscillator connected to pins
X1 and X2.

2. Values in parentheses are for direct transition from subactive mode to active mode.

6.2.2 System Clock Selection Register 1 (SSR1: $027)

SSR1 isa3-bit write-only register that specifies the system clock oscillator frequency (fosc) used,
sets the divisor for the subsystem clock frequency (fg,g), and sets subsystem clock operationin
stop mode.

The SSR12 and SSR11 bits are initialized to 0 on reset and in stop mode. The SSR13 bit is
initialized to 0 only on reset.

This section describes SSR13 and SSR12. The SSR11 bit is described in section 14.2.1, “ System
Clock Selection Register 1 (SSR1)".
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2 1 0

SSR12 | SSR11 —

Bit 3
SSR13

Initial value 0

Read/Write W

0 0 —
w w —

L Unused

L System clock selection*!

0 | 0.4to 1.0MHz

1.6 to 4.5 MHz (HD404339 Series)

1 | 1.6 to 5.0 MHz (HD404369 Series)*2
1.6 to 8.5 MHz (HD404369 Series)"3

— Subsystem clock divisor switch
0 fSUB = fx/8
1 fSUB = fxl4

— Subsystem clock stop setting

0

The subsystem clock operates in stop mode

1

The subsystem clock stops in stop mode

Notes: 1. When the subsystem clock (32.768 kHz crystal oscillator) is used, use the ranges
0.4 MHz < fggc < 1.0 MHz and 1.6 MHz < fogc < 4.5 MHz (8.5 MHz: HD404369

Series).

2. Applies to the HD404364, HD404368, HD4043612, and HD404369.
3. Applies to the HD40A4364, HD40A4368, HD40A43612, HD40A4369, and

HD407A4369.

Bit 3—Subsystem Clock Stop Setting (SSR13): This bit selects whether the subsystem clock
(32.768 kHz oscillator) operates or stops in stop mode.

SSR13 Description
0 The subsystem clock operates in stop mode (initial value)
1 The subsystem clock stops in stop mode
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Bit 2—Subsystem Clock Divisor Switch (SSR12): This bit sets the divisor for the subsystem
clock supplied to the CPU and the built-in peripheral modules in subactive mode. However, note
that the divisor for the subsystem clock supplied to prescaler W (PSW) isfixed at 8, i.e., f,, = f,/8.

SSR12 Description
0 f<us IS 1/8 of the subsystem clock oscillator f,, i.e., fq s = f,/8 (initial value)
A single CPU instruction cycle takes 244.14 us (when f, = 32.768 kHz)

1 f<us IS 1/4 of the subsystem clock oscillator f,, i.e., g,z = f,/4
A single CPU instruction cycle takes 122.07 ps (when f, = 32.768 kHz)

6.2.3 Timer Mode Register A (TMA: $008)

TMA isa4-bit write-only register that sets the timer counter A operating clock and specifies TCA
clearing and prescaler W (PSW) when timer A is used in time base mode.

TMA isinitialized to $0 on reset and in stop mode.

This section describes the TMA3 bit. The TMA2 to TMAO bits are described in section 17.2.1,
“Timer Mode Register A”.
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Bit 3 2 1 0
TMA3 | TMA2 TMA1l | TMAO
Initial value 0 0 0 0
Read/Write w w w w
Timer A clock selection —
TMA3 | TMA2 | TMA1 | TMAO Prescaler Input clock period Mode
0 0 PSS 2048 teye
0 1 PSS 1024 teyc
1 0 PSS 512 teye
0 1 PSS 128 teye Free-running
0 0 PSS 32 teye Imer
1 1 PSS 8 teye
1 0 PSS 4 teye
1 PSS 2 teye
0 0 PSW 32 tyweye
0 1 PSwW 16 tycyc
1 0 PSW 8 tweye
1 1 PSW 2 tweye Clock time
0 0 PSW 12 tyeye base mode
1 1 — Unused
1 * — PSW, TCA clear

Note: * Don't care

Bit 3—Prescaler Selection (TMA3): This bit setsthe TCA clock source. When PSW is used as
the clock source, timer A operates in time base mode and generates the interrupt frame timing in
watch mode and subactive mode.

TMA3 Description
0 PSS is used as the TCA clock source. Timer A operates as a free-running timer.
(initial value)
1 PSW is used as the TCA clock source. Timer A operates as a clock time base.
(See section 17.3.2, “Clock Time Base Operation”.)
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6.2.4 Port Mode Register B (PMRB: $024)
PMRB is a4-hit write-only register that switches the functions of the D port pins.

The PMRB2 to PMRBO bits are cleared to 0 on reset and in stop mode. The PMRB3 hit is cleared
to 0 only on reset.

This section describes the PMRB3 hit. Refer to the sections titled “Port Mode Register B” in
sections 11 and 12, “1/O Ports”, for details on the PMRB2 to PMRBO hits.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write W W W W

LDO/INTO pin function switch
0 | Dg I/O pin
1 | INTq input pin

— D4/INT pin function switch
0 | D4 /O pin
1 | INTq input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

—— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as
the D, I/O pin or asthe STOPC input pin.

PMRB3 Description

0 The D,/STOPC pin functions as the D, I/0 pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.
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625  Low Speed On Flag (L SON: $020, 0)

L SON selects whether the system clock (8cpy = Grer = foye) OF the subsystem clock (Bepy = oer =
fsus) istaken asthe operating clock for the CPU and the built-in peripheral modules other than
timer A at operating mode transitions.

Thisbit is used for entering and exiting watch mode and subactive mode, and functionsin
combination with the DTON flag (DTON), the TMAS3 bit, the STOP instruction, the SBY
instruction, the INT, interrupt during timer A clock time base operation, and the timer A interrupt.
This bit has no influence on operations other than at times when a mode transition is caused by an
instruction execution or an interrupt.

Thisflag iscleared to 0 on reset and in stop mode.

LSON Description

0 The system clock is used as the operating clock for the CPU and peripheral
modules other than timer A. (initial value)

1 The subsystem clock is used as the operating clock for the CPU and peripheral

modules other than timer A.

Figure 6-2 shows the operating mode transitions that are influenced by L SON and DTON.

Watch mode

STOP instruction
(TMA3 =1, LSON =0)

Active mode INTg or timer A interrupt
STOPor & "1
SBY
instruction .
(DTON =1,

LSON =0) STOP or SBY instruction

(DTON = <any>, LSON = 1)

Subactive mode ) INTq or timer A interrupt

Notes: 1. STOP or SBY instruction (DTON =0, LSON = 0)
2. STOP instruction (TMA3 =1, LSON = 1)

Figure6-2 Mode Transitions and the LSON and DTON Flags
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Although the LSON flag takes effect as soon asit is written, its read value only becomes valid
after a state transition. The figure below gives an example.

LSON =1

. 0 written to LSON
Subactive mode

Reading LSON returns 1

Watch mode

/
Active mode Reading LSON returns 0
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6.2.6 DTON Flag (DTON: $020, 3)
DTON controls the direct transition from subactive mode to active mode.
Thisflag can be set to 1 only in subactive mode.

Thisflag iscleared to 0 on reset, in stop mode, and in active mode.

DTON Description

0 When a STOP or SBY instruction is executed in subactive mode the system
switches to watch mode. (initial value)

1 When a STOP or SBY instruction is executed in subactive mode with LSON set to O,
the system switches to active mode. (If LSON is 1, the system switches to watch
mode.)

6.27  RAM EnableFlag (RAME: $021, 3)
RAME reflects whether stop mode was cleared by aRESET pin input or by a STOPC pin input.

In stop mode, the contents of RAM directly prior to entering stop mode are maintained, and the
contents of RAM are maintained both when stop mode is cleared by a STOPC pin input and when
itiscleared by aRESET pin input. However, the contents of RAM are maintained only by resets
meant to clear stop mode. Therefore, to use the previous contents of RAM after stop mode is
cleared, applications must clear stop mode with a STOPC pin input and test the value of the

RAME flag after switching to active mode. If RAME is 1, the contents of RAM are guaranteed to
have been maintained.

Although 0 can be written to clear thisflag, it cannot be set to 1.

Thisflag is cleared to 0 on reset.

RAME Description
0 Indicates the stop mode was not cleared by a STOPC pin input. (initial value)
1 Indicates the stop mode was cleared by a STOPC pin input.
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6.3 Standby Mode

6.3.1 Entering Standby Mode
Standby mode is entered by executing an SBY instruction from active mode.

In standby mode, the oscillators continue to operate but the clocks related to instruction execution
stop. CPU operation stops and the states of registers, RAM, and D ports and R ports set to output
maintain the values they had prior to standby mode. Timers, the serial interface, and other built-in
peripheral modules continue to operate.

Power consumption islower than in active mode due to the CPU being stopped.

6.3.2 Clearing Standby M ode

Standby mode can be cleared either by aRESET pin input or by an interrupt.

(1) Clearingwith a RESET Pin Input: When the RESET pin goes low the system entersthe
reset state and standby mode is cleared.

(2) Clearing with an Interrupt: Standby mode is cleared and the system enters active mode
when an interrupt occurs with its corresponding interrupt flag (IF) set to 1 and its interrupt mask
(IM) cleared to 0. After the transition the instruction following the SBY instruction is executed. If
theinterrupt enable flag (IE) is 1, the corresponding interrupt handler will be executed. If IEis0,
the interrupt is deferred and the execution of the immediately preceding instruction sequence
continues. Figure 6-3 shows the flowchart for the sequence that occurs when low power modes are
cleared.
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Figure6-3 Flowchart for Exiting Low Power Modes
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6.4 Stop Mode

6.4.1 Entering Stop Mode

The system switches to stop mode when a STOP instruction is executed when the TMAS3 bit in
TMA iscleared to 0. In stop mode, the contents of RAM are maintained and the CPU and all
functions of the peripheral modules stop. Accordingly, stop mode is the mode with the lowest
power consumption of all operating modes.

Note that the system clock oscillator stops in stop mode. Also, the SSR13 bit in SSR1 selects
whether the subsystem clock operates or stops.

6.4.2 Clearing Stop Mode

Stop modeis cleared by an input to either the RESET pin or the STOPC pin.

(1) Clearingwith a RESET Pin Input: When the RESET pin goes low the system entersthe
reset state and stop mode is cleared. Although RAME will be cleared during reset exception
handling the contents of RAM are maintained after stop modeis cleared.

(2) Clearing with a STOPC Pin Input: When the STOPC pin goes low the system enters the
reset state and stop modeis cleared. Unlike the case for aRESET pininput, RAME issetto 1
during reset exception handling. The contents of RAM are maintained after stop mode is cleared.

After stop modeis cleared by a STOPC pin input and the system has entered active mode, the
software can determine that the contents of RAM prior to entering stop mode were maintained by
testing the state of the RAME flag.

Although RESET pin input isvalid in al operating modes, STOPC pin input isonly valid in stop
mode and isignored in other operating modes.
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6.4.3 Post-Stop Mode Oscillator Stabilization Period

Figure 6-4 shows the timing chart for clearing stop mode. Be sure to hold the RESET or STOPC
pinlow for at least the oscillator stabilization period (tzc). See“ AC Characteristics’ in section 25,

“Electrical Characteristics’, for details.

Stop mode

e

Oscillator

() eI

(
J

LI TL

Internal clock_l_l_,_l_, K I T T

—

STOPC or
RESET ? \<:>

STOP instruction ‘

executed ) lres o
(Oscillator stabilization

period (tgc) or longer)

Figure6-4 Stop Mode Clear Timing
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6.5 Watch Mode

6.5.1 Entering Watch Mode

The system switches to watch mode from active when a STOP instruction is executed when the
TMA3 bitin TMA iscleared to 1. The system also switches to watch mode from subactive mode
when either a STOP or SBY instruction is executed either with LSON set to 1 or with DTON
cleared to O.

In watch mode the system clock stops but the subsystem clock continues to operate, and timer A
operates (in clock time base mode) from the subsystem clock. All other built-in peripheral
modules stop. RAM and the D and R ports set to output retain their values prior to entering watch
mode. Power consumption in watch mode is the second lowest, exceeding only that in stop mode.
Watch mode is convenient when only clock operation is required.

6.5.2 Clearing Watch Mode
Watch mode can be cleared either by a RESET pin input or an INT,, or timer A interrupt.

(1) Clearing with aRESET Pin Input: When the RESET pin goes low the system enters the
reset state and watch mode is cleared.

(2) Clearingwith an INT, or Timer A Interrupt: Watch mode is cleared when an INT, or timer
A interrupt occurs and the corresponding IFis1 and IM isO. If LSON was 0 at that time the
system switches to active mode, and if LSON was 1, the system switches to subactive mode.

After the transition the instruction following the STOP or SBY instruction is executed. If the
interrupt enable flag (1E) is 1, the corresponding interrupt handler will be executed. If IE is0, the
interrupt is deferred and the execution of the immediately preceding instruction sequence
continues. (Seefigure 6-3.)
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6.5.3 Post-Watch Mode Operating Timing

Figure 6-5 shows the operation timing when the system switches to active mode after watch mode
is cleared by an INT, or timer A interrupt. The INT,, or timer A interrupt is detected in
synchronization with the period T set by the MIS register M1S1 and M1S0 bits. Next, interrupt
handling for the timer A interrupt starts after the period tr (also set by the MIS register MI1S1 and
MIS0 bits) with respect to the interrupt strobe has passed. Interrupt exception handling for the
INT, starts after the period T + tg With respect to the interrupt strobe has passed.

Oscillator
stabilization

period Active mode

Active mode Watch mode

Interrupt T T /—> T

strobe
INTo | |

Interrupt ! ! !
request ] 1 i ‘
occurrence | l | !
LT } T L tge |
(only when ! i 1 i !
switching to ! 1 Tx -

active mode) 1 ‘

T: Interrupt frame period
tre: Oscillator stabilization period

Note: An INTy interrupt is received following the fall of the INTy signal. The time Ty from the fall of INTy
to the point active mode is entered will be in the range given by the formula below.

T+tre < Tx < 2T + tre

Figure6-5 Watch Modeto Active Mode Transition Timing
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6.6 Subactive Mode

6.6.1 Entering Subactive Mode

The system switches to subactive mode when atimer A or INT, interrupt occurs in watch mode
with the LSON flag set to 1.

In subactive mode, the system clock stops and the system operates from the subsystem clock.

Although the CPU and the built-in peripheral modules other than the A/D converter operate, since
the operating clock is slower, power consumption is lower than all other modes except stop and
watch mode.

The CPU instruction cycle time can be selected to be either 244.14 us (fg 5 = f«/8) or 122.07 ps
(fsus = fx/4) by the SSR1 register SSR12 bit. However, note that the SSR12 bit must be set in
active mode. System operation is not guaranteed if the SSR12 bit is set in subactive mode.

6.6.2 Clearing Subactive Mode

Subactive mode is cleared by executing either a STOP or SBY instruction. The system will switch
to either active mode or watch mode depending on the settings of the LSON and DTON flags as
shown in figure 6-2.
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6.6.3 System Timing when Switching Directly from Subactive Mode to Active Mode

The system can switch directly from subactive mode to active mode under control of the DTON
and LSON flags. The procedureis as follows.

1. In subactive mode, set LSON to 0 and DTON to 1*.
2. Execute either aSTOP or an SBY instruction.

This procedure will cause the system to switch directly from subactive mode to active mode after
an internal processing time plus the time tRC specified by the MIS register MIS1 and MIS0 bits,
as shown in figure 6-6.

Note: * DTON can be set to 1 only in subactive mode. Thisflag is always cleared to 0 on reset, in
stop mode, and in active mode.

STOP or SBY instruction

System
internal Oscillator
processing stabilization
Subactive mode time period Active mode
(LSON setto 0 and DTON to 1) | T

Interrupt strobe T ‘ ;

Direct transition 1 | T

complete timing !

T

T: Interrupt frame period
trc: Oscillator stabilization period
Tp: Direct transition time

Figure6-6 Direct Transition Timing

Thetime TD to switch from subactive mode to active mode istgc < TD < T + tg, asshownin
figure 6-6.
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6.7 Interrupt Frame

A clock generated by dividing the subsystem clock by 8 is supplied to the timer A and INT,
interrupt acceptance circuits in watch and subactive modes. PSW and timer A operate as clock
time bases and generate the interrupt frame (T) timing. T can be set to one of three values with the
MIS register M1S1 and M1S0 hits.

TheINT, and timer A interrupts are generated in synchronization with the interrupt frame in watch
and subactive modes. Interrupt exception handling starts on the interrupt strobe in al cases other
than the transition to active mode. (See figure 6-5 and 6-6.)

Although the INT, pin input falling edge is input independently of the interrupt frame, it is
handled as though it were synchronized with the second following interrupt frame.

6.8 L ow Power Mode Operating Sequence

Figure 6-7 shows the low power mode operating sequence. If a STOP or SBY instruction is
executed in the state where the | E flag is cleared, an interrupt flag is set, and the corresponding
interrupt mask is cleared. The STOP or SBY instruction will then be cancelled (treated as a NOP)
and execution will continue from the next instruction. Therefore, before executing a STOP or SBY
instruction, either clear all interrupt flags or mask interrupts.
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STOP/SBY instruction

y |
Standby mode
Watch mode Stop mode
No
Interrupt
handling Yes Yes
routine
Hardware NOP Hardware NOP RAME = 1
executed executed
Y Y Y
PC -« (PC)+1 PC -« (PC)+1 System reset

/

Instruction execution

|

System operation
cycle

Note: See figure 6-3, “Flowchart for Exiting Low Power Modes”, for details on IF and IM
operation.

Figure6-7 Low Power Mode Operating Sequence
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6.9 Usage Notes

Interrupts will not be detected correctly if the high level or low level periodsin the INT, signal are
shorter than the interrupt frame period in watch and subactive modes.

Figure 6-8 shows the system edge sensing technique. The system samples the INT, signal at fixed
periods and determines that afalling edge has occurred when the sampled value changes from
high to low on consecutive samples.

Interrupt detection errors can occur since this sampling is performed with the interrupt frame
period.

Asshowninfigure 6-9 (a), if the INT, signal high level period falls between interrupt frames, both
points A and B will be low and the falling edge will not be detected. Similarly, as shown in figure

6-9 (b), if the INT, signal low level period falls between interrupt frames, both points A and B will
be high and the falling edge will not be detected.

Therefore, the INT, signal high and low level periods must be longer than the interrupt frame
period in watch and subactive modes.

Sampling

|

INT, R
H L L

Figure6-8 Edge Sensing Techniques

(a) High Level Case (b) Low Level Case
INT, INT,
- T [ | |
Interrupt frame T T Interrupt frame x x
Point A low Point B low Point A high Point B high

Figure6-9 Sampling Examples
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Section 7 1/O Ports
(HD404344R Series)

7.1 Overview

711 Features

The HD404344R Series /O ports have the following features.

The 22 pinsin the D and R ports (D, to D5 and the pinsin the ports RO to R3) are all three state
CMOS I/O pins. Of these pins, the ten pins D,, D,, R1, to R1;, and R2, to R2;, are high current
I/0 pinsthat can each accept a current influx of up to 15 mA.

Certain 1/0 pins (D,, D,, and the pinsin the ports R, and R;) are shared with the built-in
peripheral modules, such astimers and the serial interface. Setting these pins for use with the
built-in peripheral modules takes priority over their setting for use as D or R port pins.

Register settings are used to select input or output for I/O pins and to select the I/O port or
peripheral module usage for shared function pins.

All peripheral module output pins are CMOS outputs. However, the R0,/SO pin can be
selected to be an NMOS open drain output by setting a register.

Since the system is reset in stop mode, the built-in peripheral module selections are cleared and
the 1/0 pins go to the high impedance state.

The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 7-1 provides an overview of the HD404344R Series port functions.
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Table7-1

Port Functions

Function
Switching
Port Overview Pin Shared Function Register
D,toD;, <« /O port D,/INT/EVNB External interrupt input 0/ PMRB
e Accessed in bit units timer B event input
* Accessed with the SED, D, - -
SEDD, RED, REDD, TD, and D,
TDD instructions. D,
‘ Progr.ammable pull-up MOS D,/STOPC Stop mode clear PMRB
transistors b — —
e D, and D, are high current °
pins (up to 15 mA)
RO » /O ports R0,/SCK Transfer clock I/0 SMR
* Accessed in 4-bit units. RO,/SI Serial reception data input PMRA
* Accessed with the LAR, LBR, Ro /S0 Serial transmission data
LRA, and LRB instructions. output
* Programmable pull-up MOS  Ro,/TOC Timer C output
R1 transistors R1, _ _
. Rlo to R1, anq R2,to R2, are R1,
high current pins (up to 15
mA). R1,
R1,
R2 R2, — —
R2,
R2,
R2,
R3 R3,/AN, Analog input channel 0 AMR1
R3,/AN, Analog input channel 1
R3,/AN, Analog input channel 2
R3./AN, Analog input channel 3
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712 I/O Control
All the D port and R port pins are CMOS three state /O ports.

(1) 1/O Pin Circuits: Input and output through the D port and R port pinsis controlled by the port
data registers (PDR) and the data control registers (DCD, DCR). When abitinaDCD or DCR
register is 1, the corresponding pin will function as an output pin and output the value in its PDR.
Similarly, if aDCD or DCR bit is O, the corresponding pin will function as an input pin.

Figure 7-1 shows the 1/O pin circuit structure.

A
I
=

Vee MIS3

Y,
Pull-up MOS é ce
transistor /

PMOS Li DCD, DCR
{j> Output data
PDR

@) = |nput data

Input control signal

Notes: 1. Since the system is reset in stop mode, the built-in peripheral module selections
are cleared. Since the internal HLT signal goes to the low (active) level, the I/O
pins go to the high impedance state. Also, all the pull-up MOS transistors are
turned off.

2. In all low power modes other than stop mode, the internal HLT signal goes to
the high level.

Figure7-1 1/0O Pin Circuit Structure

133
HITACHI




(2) Pull-Up MOS Control: Each I/O pininthe D and R ports has a built-in programmable pull-
up MOS transistor. When the miscellaneous register (MI1S) MIS3 bit is set to 1 the pull-up MOS
transistor for pins for which the corresponding PDR is set to 1 will be turned on. Thus the on/off

state of each pin can be controlled independently by the PDRs. Note that the pull-up MOS

transistor on/off settings are independent of the pin settings for use as built-in peripheral module

pins.

Table 7-2 shows how register settings control the port 1/O pins.

Table7-2 Register Settingsfor 1/0 Pin Control

MIS3

DCD, DCR 1

PDR 0 1 1 0 1

CMOS | PMOS — On — On
buffer NMOS On — On —
Pull-up MOS On — On
transistor

Notes: 1. —: Off

2. The PDR registers are not allocated addresses in RAM. The PDR registers are

accessed by special-purpose /O instructions.
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(3) Miscellaneous Register (MIS: $00C): MISisa2-bit write-only register that controls the
on/off states of the D and R port pin pull-up MOS transistors and the on/off state of the R0,/SO
pin output buffer PMOS transistor. MISisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0
MIS3 MIS2 — —
Initial value 0 0 — —
Read/Write w w — —
Unused

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control

0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0O port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0,/SO pin
output buffer PMOS transistor.

MIS2 Description
0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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7.1.3 1/0 Pin Circuit Structures

Table 7-3 shows the port and peripheral module pin circuits.

Table7-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins
Standard voltage 1/O pins <] At Do to Dy,
pins RO,, RO,
Vee Pull-up control signal MIS3 RO,
Vee Buffer control R1,to R1,,
signal R2, to R2,,
}—OG: DCD,  R3, to R3,
3 DCR
|—O@ Output data
PDR
Input data
Input control signal
o At RO,

Pull-up control signal

Vee MIS3
Buffer control
signal
=
MIS2
Output data PDR
Input data

Input control signal
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Table7-3  Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard Built-in 1/O pins « AT SCK
voltage peripheral
pins module Pull-up control signal MiS3
pins Vee
}—o@ Output data
SCK
Do Input data SeK
Output o AT SO
pins
Vee Pull-up control signal MIS3
Vee
/—|\_|:< PMOS control
signal MIS2
|—@ Output data_ g
o] AT TOC
Vee Pull-up control signal MIS3
Output data TOC
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Table 7-3

Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard  Built-in Input o] AT sl,
voltage  peripheral pins Vee MIS3 INT,/EVNB,
pins module PDR STOPC
pins S
Input dat oL
@ [>o npu fea INT/EVNB,
STOPC
o] AT AN, to AN,
Vee MIS3
% PDR
@ ‘ » A/D input
Input control
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7.1.4 Port Statesin Low Power Modes

The D, and D, pins and the RO and R3 port pins have shared functions as input or output pins for
built-in peripheral modules. In standby mode, since the CPU stops, the pins selected as output
ports maintain their immediately prior output values. Also, pins selected for use by built-in
peripheral modules that operate in standby mode continue to operate. (Output pins used by
modules that stop in standby mode maintain their immediately prior output values.) See section 5,
“Low Power Modes”, for details on which built-in peripheral modules can operate in each mode.

Table 7-4 lists the port states in the low power modes.

Table7-4 Port Statesin Low Power Modes

Low Power Mode Port States
Standby mode Pins maintain their values immediately prior to entering standby mode.
Stop mode Built-in peripheral function selections are cleared, and the port and

peripheral function 1/O pins go to the high impedance state.

7.15 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto VCC. Alternatively,
unused pins can be pulled up to V. with external resistors of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their reset
state values. Also note that unused pins must not be selected for use as peripheral function 1/0
pins.
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7.2 D Port

7.2.1 Overview

The D port isa6-pin 1/0 port (D, to D, where D, and D, are high current pins that can each
accept a current influx of up to 15 mA) that can be accessed in 1-bit units.

The output levels on the pins D, to D5 can be set to low or high by accessing the port in one-bit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins DO to D5 can be tested in one-bit units with the
TD and TDD input instructions.

The DCD registers are used to turn the D port output buffers on or off. When the DCD bit
corresponding to agiven pinis 1, the data in the corresponding PDR will be output from that pin.
The on/off states of the output buffers can be controlled individualy for each D port pin. The
DCD registers are allocated in the RAM address space.

The pins D, and D, have shared functions as built-in peripheral module pins. PMRB is used to
switch these functions.

Figure 7-2 shows the structure of the D port.

~—— Dg/INT/EVNB (I/O, input, or input)

Dport | — t-----i-------
<« D5 (1/0)

~— D,/STOPC (I/O or input)
~— Dg (I/O)

: High current pins

Figure7-2 D Port Structure
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7.2.2 Register Configuration and Descriptions
Table 7-5 shows the configuration of the D port registers.

Table7-5 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$02C Data control registers DCDO w $0

$02D DCD1 W --00

$024 Port mode register B PMRB W 0--0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the I/O pins D, to D5 includes a built-in PDR. When a
SED or SEDD instruction is executed for one of the pins D, to D the corresponding PDR is set to
1, and when a RED or REDD instruction is executed, the corresponding PDR is cleared to O.
When abit corresponding to a D port pinin DCDO or DCD1 is 1, the corresponding output buffer
isturned on and the value of the corresponding PDR will be output from that pin.

The PDR registers are set to 1 on reset and in stop mode.

(2) Data Control Registers (DCDO0, DCD1: $02C, $02D)

Bit 3 2 1 0
DCDO: $02C ‘ DCDO03 ‘ DCDO02 ‘ DCDO01 ‘ DCDO00 ‘
Initial value 0 0 0 0
Read/Write w W W W
Bit 3 2 1 0
DCD1: $02D — ‘ — ‘ DCD11 ‘ DCD10 ‘
Initial value — — 0 0
Read/Write — — w w
Bits in DCDO Description
and DCD1
0 The CMOS output buffer is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the value in the corresponding PDR is output.

141
HITACHI



The bitsin DCDO0 and DCD1 correspond to the D port pins as shown in the table.

Bit
Register Bit 3 Bit 2 Bit 1 Bit O
DCDO D, D, D, D,
DCD1 — — D, D,

(3) Port Mode Register B (PMRB: $024): PMRB is a 2-hit write-only register that switches the
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 — — PMRBO

Initial value 0 — — 0

Read/Write W — — "

LDOIINTo/EVNB pin function switch
0 | Dg I/O pin
1 | INTG/EVNB input pin

Unused

— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 0—DyINT/EVNB Pin Function Switch (PMRBO0): Selects whether the D,/INT/EVNB pin
is used as the D, 1/0 pin or asthe INT/EVNB input pin.

PMRBO Description
0 The D,/INT/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/INT/EVNB pin functions as the INT,/EVNB input pin.

Refer to section 18.2.2, “ Timer Mode Register B2 (TMB2)”, for details on switching between the
INT, and EVNB functions,
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7.2.3

Pin Functions

The functions of the pins D, to D are switched by register settings as shown in table 7-6.

Table7-6 D Port Pin Functions
Pin Pin Functions and Selection Methods
D,/INT/EVNB  The pin function is switched as shown below by the PMRB PMRBO bit and the
DCDO DCDOO bit.
PMRBO 0 1
DCDO00 0 1 —
Pin function D, input pin D, output pin INT/EVNB
input pin*
Note: * To use this pin as the EVNB pin, mask the INT, interrupt by setting the
INT, interrupt mask (IMO: $000,3) to 1.
D, The pin function is switched as shown below by the DCDO DCDO1 bit.
DCDO01 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD0 DCDO02 bit.
DCDO02 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD0 DCDO3 bit.
DCDO03 0 1
Pin function D, input pin D, output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit and the
DCD1 DCD10 bit.
PMRB3 0 1
DCD10 0 1 —
Pin function D, input pin D, output pin STOPC input pin
D, The pin function is switched as shown below by the DCD1 DCD11 bit.

DCD11 0 1

Pin function D, input pin D, output pin
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7.3 R Ports

731 Overview
The R port consists of the four 4-bit 1/0 ports RO to R3. These ports are accessed in 4-bit units.

Theindividual ports RO to R3 are accessed in 4-bit units with the LRA and LRB output
instructions to control the output levels (high or low) on each pin. Output datais stored in the PDR
built into each pin. Similarly, the LAR and LBR input instructions can be used to accessthe R
portsin 4-bit units to read the input levels on the port pins.

DCR registers are used to control the port RO to R3 output buffer on/off states. When the DCR bit
corresponding to apin in one of the ports RO to R3 is set to 1, the data in the corresponding PDR
is output from that pin. Thus the output buffer on/off states can be controlled on an individual pin
basis for the R port pins. The DCR registers are allocated in the RAM address space.

The pinsin ports R1 and R2 are high current pins that can accept current influxes of up to 15 mA.

The RO and R3 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (See table 7-7.)

Figure 7-3 shows the R port pin structure.

<« = RO,/SCK (I/O or I/O) <~ R1, (I/0) |
<= RO4/SI (/O or input - R1, (/0)

RO port ISI puf) R1 port ! 1 W)
~—— RO0,/SO (I/O or output) —— R1, (I/O) |
<— RO4/TOC (I/O or output) - R13(I/O) !
<~ R2, (I/0) | <= R3(/AN, (I/O or input)

R2 port H> R2, (I/O) R3 port -«——= R3;/AN; (I/O or fnput)
~——> R2,(I/O) —— R3,/AN, (I/O or input)
<> R2;(/0) <= R33/AN; (I/O or input)

' 1% High current pins
Figure7-3 R Port Circuit
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7.3.2 Register Configuration and Descriptions
Table 7-7 shows the configuration of the R port related registers.

Table7-7 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$030 Data control registers DCRO w $0

$031 DCR1 \W $0

$032 DCR2 w $0

$033 DCR3 W $0

$004 Port mode register A PMRA w $0

$005 Serial mode register SMR w $0

$019 A/D mode register 1 AMR1 w $0

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers (PDR): All the /O pinsin ports RO to R3 include a PDR that holds the
output data. When an LRA or an LRB instruction is executed for one of ports RO to R3, the
contents of the accumulator (A) or the B register (B) are transferred to the specified R port PDRs.
When the corresponding bit in DCRO to DCR3 for the specified port is 1, the output buffers for the
corresponding pins will be turned on and the valuesin the PDRs will be output from the pins.

The PDR registers are set to 1 on reset and in stop mode.
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(2) Data Control Registers (DCR0 to DCR3: $030, $031, $032, $033)

Bit 3 2 1 0
DCRO: $030 DCRO03 | DCR0O2 | DCRO1 | DCR0O0O
Initial value 0 0 0 0
Read/Write W W W w
Bit 3 2 1 0
DCR1: $031 DCR13 | DCR12 | DCR11 | DCR10
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR2: $032 DCR23 | DCR22 | DCR21 | DCR20
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR3: $033 DCR33 | DCR32 | DCR31 | DCR30
Initial value 0 0 0 0
Read/Write W W W w
Bits in DCRO
to DCR3 Description
0 The output buffer (CMOS buffer) is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the corresponding PDR value is output.

The table below lists the correspondence between the bitsin DCRO to DCR3 and the port RO to

R3 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, R3,
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(3) Port Mode Register A (PMRA: $004): PMRA isa 3-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

Bit 3 2 1 0
— PMRA2 | PMRAL | PMRAO
Initial value — 0 0 0
Read/Write — w w w
— R0,/SO pin function switch
Unused

0 | RO, I/O pin
1 | SO output pin

— R04/SI pin function switch
0 | RO4 I/O pin
1| Slinput pin

'—RO03/TOC pin function switch
0 | RO3 I/O pin
1| TOC output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or asthe timer C output pin (TOC).

PMRA2 Description
0 The R0O,/TOC pin functions as the R0, 1/O pin. (initial value)
1 The R0O,/TOC pin functions as the TOC output pin.

Bit 1—R0,/SI Pin Function Switch (PMRA1): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (S).

PMRA1 Description
0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO,/SI pin functions as the Sl input pin.
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Bit 0—R0,/SO Pin Function Switch (PM RAQ): Selects whether the R0O,/SO pin functions as the
RO, I/O pin or asthe serial transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR is a4-bit write-only register whose SMR3 bit
switches the RO,/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write W W W W

Transfer clock selection

— ROg/SCK pin function switch
0 | ROg I/O pin
1 | SCKI/O pin

Bit 3—R0y/SCK Pin Function Switch (SMR3): Selects whether the RO,/SCK pin functions as
the RO, I/O pin or asthe serial interface transfer clock 1/O pin.

SMR3 Description

0 The R0,/SCK pin functions as the RO, 1/O pin. (initial value)
1 The RO,/SCK pin functions as the SCK I/O pin.
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(5) A/D Mode Register 1 (AMRL1: $019): AMR1 isa4-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 |AMR10

Initial value 0 0 0 0

Read/Write w w W W

— R3p/ANg pin function switch
0 | R3y /O pin
1 | ANg input pin

— R3;/AN; pin function switch
0 | R34 1/O pin
1 | ANq input pin

— R3,/AN, pin function switch
0 | R3,1/0 pin
1 | AN5 input pin

— R33/AN3; pin function switch
0 | R331/O pin
1 | ANz input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3; 1/O pin or asthe A/D converter channel 3 input pin ANs,.

AMR13 Description
0 The R3,/AN, pin functions as the R3; I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel 2 input pin AN,.

AMR12 Description
0 The R3,/AN, pin functions as the R3, I/0O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1input pin AN;.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN;, pin functions as the AN, input pin.

Bit 0—R3y/AN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, I/O pin or asthe A/D converter channel 0 input pin ANL,.

AMR10 Description

0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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733

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 7-8.

Table7-8 R Port Pin Functions
Pin Pin Functions and Selection Methods
R0,/SCK The pin function is switched by the SMR SMR3 bit and the DCR0O DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK 1/0 pin
RO,/SI The pin function is switched by the PMRA PMRAL bit and the DCRO DCRO01 bit as
shown below.
PMRAL 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRAZ2 bit and the DCRO DCRO03 bit as

shown below.

PMRA2 1
DCRO3 0 1 —
Pin function RO, input pin RO, output pin TOC output pin

HITACHI
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Table 7-8

R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R1, The pin function is switched by the DCR1 DCR10 bit as shown below.
DCR10 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR11 bit as shown below.
DCR11 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR12 bit as shown below.
DCR12 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR13 bit as shown below.
DCR13 0 1
Pin function R1, input pin R1, output pin
R2, The pin function is switched by the DCR2 DCR20 bit as shown below.
DCR20 0 1
Pin function R2, input pin R2, output pin
R2, The pin function is switched by the DCR2 DCR21 bit as shown below.
DCR21 0 1
Pin function R2, input pin R2, output pin
R2, The pin function is switched by the DCR2 DCR22 bit as shown below.
DCR22 0 1
Pin function R2, input pin R2, output pin
R2, The pin function is switched by the DCR2 DCR23 bit as shown below.
DCR23 0 1
Pin function R2, input pin R2, output pin
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Table 7-8

R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R3,/AN, The pin function is switched by the AMR1 AMR10 bit and the DCR3 DCR30 bit as
shown below.
AMR10 0 1
DCR30 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as

shown below.

AMR13 0 1
DCR33 0 1 —
Pin function R3; input pin R3; output pin AN, input pin

HITACHI
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14 Usage Notes

Keep the following points in mind when using the 1/0 ports.

When the MIS MIS2 bit is set to 1, the RO,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or asthe SO pin by the PMRA
PMRAO hit.

1/0 pinsthat are unused in user systems must be tied to afixed potential, since floating 1/0
pins can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V . with external resistors of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their
reset state values. Also note that unused pins must not be selected for use as peripheral
function 1/O pins.

When the MIS MIS3 it is set to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the MOS transistor for the corresponding
pin will not be turned off by selecting the analog input function with the AMRL1 register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 7-4 shows the circuit for the R port/analog input shared function pins.

AMR1 isused to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 7-9, by the
combination of the AMR1 register, the M1S3 bit, the DCR, and the PDR settings.
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o] HLT

Pull-up control signal MIS3

Vee Buffer control AMR (A/D mode
signal Gﬁ register setting value)
}—o@ Output data
PDR

e Input data

’7
Input control signal

L 2l

[]] .

m A/D input

T ACR (A/D channel

register setting value)

Figure7-4 R Port/Analog Input Shared Function Pin Circuit Structure

Table7-9 Program Control of the R Port/Analog I nput Shared Function Pins

Corresponding bit in AMR1 0 (R port selected)
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 o | 1 0 1
CMOS buffer PMOS — — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 0o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
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Section 8 /0O Ports
(HD404394 Series)

8.1 Overview

811 Features

The HD404394 Series 1/0 ports have the following features.

The HD404394 Series microcomputers have atotal of 21 1/O pins, of which the three pins R1,
to R1, are medium voltage NMOS open drain 1/0 pins. The five pins R1; and R2, to R2; are
standard voltage NMOS open drain 1/O pins. The remaining 13 pins, D, to Ds, RO, to R0;, and
R3, to R3;, are three state CMOS I/O pins. Of these pins, the pins D,, D,, and the R, and R,
port pins are high current 1/0 pins that can each accept a current influx of up to 15 mA.

Certain 1/0O pins (D,, D,, and the pinsin the ports RO and R3) are shared with the built-in
peripheral modules, such astimers and the serial interface. Setting these pins for use with the
built-in peripheral modules takes priority over their setting for use as D or R port pins.

Register settings are used to select input or output for I/O pins and to select the 1/O port or
peripheral module usage for shared function pins.

All peripheral module output pins are CMOS outputs. However, the R0,/SO pin can be
selected to be an NMOS open drain output by setting a register.

Since the system is reset in stop mode, the built-in peripheral module selections are cleared and
the 1/O pins go to the high impedance state.

The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 8-1 provides an overview of the HD404394 Series port functions.
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Table 8-1

Port Functions

Function
Switching
Port Overview Pin Shared Function Register
D,toD, < /O port D/INT/EVNB External interrupt input 0/  PMRB
e Accessed in bit units timer B event input
* Accessed with the SED, D, - -
SEDD, RED, REDD, TD, and D,
TDD instructions. D,
*  Programmable pull-up MOS D,/STOPC Stop mode clear PMRB
transistors b
e D, and D, are high current °
pins (up to 15 mA)
RO * 1/O ports R0O,/SCK Transfer clock /O SMR
¢ Accessed in 4-bit units RO,/SI Serial reception data input PMRA
*+ Accessed with the LAR, LBR, R0,/SO Serial transmission data
LRA, and LRB instructions. output
» The standard I/O pins (RO, to R0,/TOC Timer C output
R1 RO, and R3, to R3;) have R, _ _
programmable pull-up MOS R1
transistors. !
. R1,
¢ R1,to R1, are medium
voltage NMOS open drain 1/0 R1;
R2 pins. R2, — —
* R1,and R2,to R2, are R2,
standard voltage NMOS open R2
drain I/O pins. 22
+ R1,toR1,and R2,to R2, are— .
R3 high current pins (up to 15 R3,/AN, Analog input channel 1 AMR1
mA). R3,/AN, Analog input channel 2
R3,/AN, Analog input channel 3
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8.1.2 1/0O Control

R1,to R1, are medium voltage NMOS open drain 1/O ports, R1, and the R, port are standard
voltage NMOS open drain 1/0 ports, and the D port and the RO and R3 port pins are CMOS three
state 1/O ports. The different port types have different circuit structures as follows.

(1) Medium Voltage NMOS Open Drain 1/0 Pin Circuit: R1,to R1, are medium voltage
NMOS open drain 1/O ports. 1/O through these portsis controlled by the port data registers (PDR)
and the data control registers (DCR). When the DCR bit corresponding to agiven pinis 1, that pin
functions as an output pin and when the value in the PDR is 0, the NMOS transistor will turn on
and the pin will output alow level voltage. When the PDR is 1, the pin will go to the high
impedance state.

When agiven DCR bhit is 0, the corresponding pin will function as an input pin.

(2) Standard Voltage NMOS Open Drain 1/0 Pin Circuit: R1; and R2,to R2; are standard
voltage NMOS open drain 1/0 ports. /O through these portsis controlled by the PDR and DCR
registers. When the DCR bit corresponding to agiven pinis 1, that pin functions as an output pin
and when the value in the PDR is 0, the NMOS transistor will turn on and the pin will output a
low level voltage. When the PDR is 1, the pin will go to the high impedance state.

When agiven DCR bit is O, the corresponding pin will function as an input pin.

(3) Standard Voltage CMOS Three State /O Pin Circuit: The D, RO and R3 ports are standard
voltage CMOS three state I/O ports. 1/0 is controlled by the PDR registers and the data control
registers (DCD, DCR). When abit inaDCD or DCR register is 1, the corresponding pin will
function as an output pin and output the value in its PDR. Similarly, if aDCD or DCR bit is0, the
corresponding pin will function as an input pin.
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(4) Pull-Up MOS Control: Each I/O pininthe D, RO, and R3 ports has a built-in programmable
pull-up MOS transistor. When the miscellaneous register (M1S) MIS3 bit is set to 1 the pull-up
MOS transistor for pins for which the corresponding PDR is set to 1 will be turned on. Thusthe
on/off state of each pin can be controlled independently by the PDRs. Note that the pull-up MOS
transistor on/off settings are independent of the pin settings for use as built-in peripheral module

pins.
Table 8-2 shows how register settings control the port 1/O pins.

Table8-2 Register Settingsfor 1/0 Pin Control

MIS3 0 1

DCD, DCR 0 1 0 1

PDR 0 1 0 1 o | 1 0 1

CMOS buffer PMOS — — On — — On
NMOS On — On —

Pull-up MOS transistor — — ‘ On — On

Notes: 1. —: Off
2. The PDR registers are not allocated addresses in RAM. The PDR registers are

accessed by special-purpose /O instructions.
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(5) Miscellaneous Register (MIS: $00C): MISisa2-bit write-only register that controls the
on/off states of the D, RO, and R3 port pin pull-up MOS transistors and the on/off state of the
R0O,/SO pin output buffer PMOS transistor. MISisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0

MIS3 MIS2 — —

Initial value 0 0 — —

Read/Write W W — —
Unused

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control
0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0O port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0O,/SO pin
output buffer PMOS transistor.

MIS2 Description
0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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8.1.3 I/O Pin Circuit Structures
Table 8-3 shows the port and peripheral module pin circuits.

Notes. 1. Sincethe system isreset in stop mode, the built-in peripheral module selections are
cleared. Sincethe internal HLT signal goesto the low (active) level, the 1/O pins go to
the high impedance state. Also, al the pull-up MOS transistors are turned off.

2. Inall low power modes other than stop mode, the internal HLT signal goesto the high
level.

Table83 Input and Output Pin Circuits

Applicable
Class Circuit Pins
Standard voltage I/0 pins « AT D, to Ds,
pins RO,, RO,,
Vee Pull-up control signal MIS3 RO,,
Vee Buffer control R3, 10 R3,
signal
DCD,
| DCR
I—@ Output data
PDR
Input data
Input control signal
Buffer control signal HLT R1,,

pcrR R2,t0R2;

Output data

PDR

@1

Input control signal

Input data
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Table8-3 Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard voltage pins /O pins « AT RO,
Pull- | signal
Vee ull-up control signa MIS3
Buffer control
signal
DCR
MIS2
Output data PDR
Input data
Input control signal
Medium voltage pins Buffer control R1l,to R1,
signal HLT
o
% Output data PDR
Input data
Input control signal
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Table 8-3

Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard Standard /O pins ] A SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
pins Fg Vee
}—O@ Output data SCK
Do Input data SCK
Output o Aacr SO
pins
Vee Pull-up control signal MIS3
VCC
=
! 1 PMOS control
signal
MIS2
}—0@ Output data S0
< AT TOC
Vee Pull-up control signal MIS3
Vee
}—O@ Output data
TOC
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Table 8-3

Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard  Built-in Input o] AT SIR
voltage  peripheral pins Vee MIS3 INT,/EVNB,
pins module PDR STOPC
pins
Input data Sl
D [>o INTo/EVNB,
STOPC
o] ALt AN, to AN,
Vee MIS3
% PDR
@ ¢ A/D input
Input control
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8.1.4 Port Statesin Low Power Modes

The D, and D, pins and the RO and R3 port pins have shared functions as input or output pins for
built-in peripheral modules. In standby mode, since the CPU stops, the pins selected as output
ports maintain their immediately prior output values. Also, pins selected for use by built-in
peripheral modules that operate in standby mode continue to operate. (Output pins used by
modules that stop in standby mode maintain their immediately prior output values.) See section 5,
“Low Power Modes”, for details on which built-in peripheral modules can operate in each mode.

Table 8-4 lists the port states in the low power modes.

Table8-4 Port Statesin Low Power Modes

Low Power Mode Port States
Standby mode Pins maintain their values immediately prior to entering standby mode.
Stop mode Built-in peripheral function selections are cleared, and the port and

peripheral function 1/O pins go to the high impedance state.

8.1.5 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V. with external resistors of about 100 kQ.

Application programs should maintain the PDR, DCD and DCR contents for unused pins at their
reset state values. Alternatively, unused pins can be selected for use as peripheral function I/O
pins.
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8.2 D Port

8.2.1 Overview

The D port isa6-pin 1/0 port (D, to D, where D, and D, are high current pins that can each
accept a current influx of up to 15 mA) that can be accessed in 1-bit units.

The output levels on the pins D, to D5 can be set to low or high by accessing the port in one-bit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins DO to D5 can be tested in one-bit units with the
TD and TDD input instructions.

The DCD registers are used to turn the D port output buffers on or off. When the DCD
corresponding to agiven pin is 1, the datain the corresponding PDR will be output from that pin.
The on/off states of the output buffers can be controlled individualy for each D port pin. The
DCD registers are allocated in the RAM address space.

The pins D, and D, have shared functions as built-in peripheral module pins. PMRB is used to
switch these functions.

Figure 8-1 shows the structure of the D port.

~—— Dg/INT/EVNB (1/O, input, or input)

Dport |  “-----c------
~— D3 (I/0)

~— D,/STOPC (I/O or input)
~— Dg (I/0)

: High current pins

Figure8-1 D Port Structure
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822 Register Configuration and Descriptions
Table 8-5 shows the configuration of the D port registers.

Table8-5 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$02C Data control registers DCDO W $0

$02D DCD1 W --00

$024 Port mode register B PMRB w 0--0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the 1/O pins D, to Dy includes a built-in PDR. When a
SED or SEDD instruction is executed for one of the pins D, to D5 the corresponding PDR is set to
1, and when a RED or REDD instruction is executed, the corresponding PDR is cleared to O.
When abit corresponding to a D port pinin DCDO or DCD1 is 1, the corresponding output buffer
isturned on and the value of the corresponding PDR will be output from that pin.

The PDR registers are set to 1 on reset and in stop mode.

(2) Data Control Registers (DCDO0, DCD1: $02C, $02D)

Bit 3 2 1 0
DCDO: $02C ‘ DCDO03 ‘ DCDO02 ‘ DCDO01 ‘ DCDO00 ‘
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCD1: $02D ‘ — ‘ — ‘ DCD11 ‘ DCD10 ‘
Initial value — — 0 0
Read/Write — — w w
Bits in DCDO
and DCD1 Description
0 The CMOS output buffer is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the value in the corresponding PDR is output.
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The bitsin DCDO0 and DCD1 correspond to the D port pins as shown in the table.

Bit
Register Bit 3 Bit 2 Bit 1 Bit O
DCDO D, D, D, D,
DCD1 — — D, D,

(3) Port Mode Register B (PMRB: $024): PMRB is a 2-bit write-only register that switchesthe
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 — — PMRBO

Initial value 0 — — 0

Read/Write w — — w

LDO/INTO/EVNB pin function switch
0 | Dg I/O pin
1 | INTo/EVNB input pin

Unused

'— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinis used as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 0—D,/INT/EVNB Pin Function Switch (PMRBO): Selects whether the D/INT,/EVNB pin
is used asthe D, 1/0 pin or asthe INT,/EVNB input pin.

PMRBO Description
0 The D,/INT,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/INT/EVNB pin functions as the INT/EVNB input pin.

Refer to section 18.2.2, “ Timer Mode Register B2 (TMB2)”, for details on switching between the
INT, and EVNB functions.
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8.2.3 Pin Functions

The functions of the pins DO to D5 are switched by the bitsin registers PMRA and PMRB as
shown in table 8-6.

Table8-6 D Port Pin Functions
Pin Pin Functions and Selection Methods
D/INT/EVNB  The pin function is switched as shown below by the PMRB PMRBO bit and the
DCDO0 DCDOO bit.
PMRBO 1
DCDO00 0 1 —
Pin function D, input pin D, output pin INT/EVNB input pin*
Note: * To use this pin as the EVNB pin, mask the INT, interrupt by setting the
INT, interrupt mask (IMO: $000,3) to 1.
D, The pin function is switched as shown below by the DCD0 DCDOL1 bit.
DCDO01 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCDO DCDO02 bit.
DCDO02 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCDO DCDO03 bit.
DCDO03 0 1
Pin function D, input pin D, output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit and the
DCD1 DCD10 bit.
PMRB3 1
DCD10 0 1 —
Pin function D, input pin D, output pin STOPC input pin
D5 The pin function is switched as shown below by the DCD1 DCD11 bit.
DCD11 0 1
Pin function D input pin D, output pin
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8.3 R Ports

8.3.1 Overview

The R port consists of the three 4-bit 1/O ports and one 3-bit port, ports RO to R3. These ports are
accessed in 4-bit units.

Ports RO and R3 are standard voltage 1/0 ports, R1, to R1, are medium voltage NMOS open drain
1/O ports, and R1; and R2 are standard voltage NMOS open drain 1/O ports.

Theindividual ports RO to R3 are accessed in 4-bit units with the LRA and LRB output
instructions to control the output levels (high or low) on each pin. Output datais stored in the PDR
built into each pin. Similarly, the LAR and LBR input instructions can be used to access the R
portsin 4-bit units to read the input levels on the port pins.

DCR registers are used to control the port RO to R3 output buffer on/off states. When the DCR bit
corresponding to apin in one of the ports RO to R3 is set to 1, the data in the corresponding PDR
is output from that pin. Thus the output buffer on/off states can be controlled on an individual pin
basis for the R port pins. The DCR registers are allocated in the RAM address space.

The pinsin ports R1 and R2 are high current pins that can accept current influxes of up to 15 mA.

The RO and R3 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (Seetable 8-7.)

Figure 8-2 shows the R port pin structure.

l«—» RO4/SI (I/O or input) <= R1; (/0) | y NMOS open
ROPport | RO,/SO (IO oroutputy | "= PO |« o R1, (yO) || drain

l«——» RO4/TOC (I/O or output) <= R1, (1/0) | Standard voltage
”””””””” NMOS open drain

~——=R2 (I/0) |

! | | Standard < R3;/AN; (/O or input

R2 port = R2,(/9) 1| voltage R3 port <—>R31/AN1EI/O or input;
<~ =R2, (I0) | [ NMOS P 2!AN2 np

: R2, (1/0) | | open drain ~— R33/AN3 (/O or input)

*****
|

' 11 High current pins

Figure8-2 R Port Structure
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832 Register Configuration and Descriptions
Table 8-7 shows the configuration of the R port related registers,

Table8-7 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$030 Data control registers DCRO W $0

$031 DCR1 W $0

$032 DCR2 W $0

$033 DCR3 W $0

$004 Port mode register A PMRA w $0

$005 Serial mode register SMR w $0

$019 A/D mode register 1 AMR1 w $0

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers (PDR): All the 1/O pinsin ports RO to R3 include a PDR that holds the
output data. When an LRA or an LRB instruction is executed for one of ports RO to R3, the
contents of the accumulator (A) or the B register (B) are transferred to the specified R port PDRs.
When the corresponding bit in DCRO to DCR3 for the specified port is 1, the output buffers for the
corresponding pins will be turned on and the valuesin the PDRs will be output from the pins.

The PDR registers are set to 1 on reset and in stop mode.
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(2) Data Control Registers (DCRO to DCR3: $030, $031, $032, $033)

Bit 2 1
DCRO: $030 ‘ DCRO3 ‘ DCRO02 ‘ DCRO1 ‘ DCRO0O0 ‘
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR1: $031 ‘ DCR13 ‘ DCR12 ‘ DCR11 ‘ DCR10 ‘
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR2: $032 ‘ DCR23 ‘ DCR22 ‘ DCR21 ‘ DCR20 ‘
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR3: $033 ‘ DCR33 ‘ DCR32 ‘ DCR31 ‘ —
Initial value 0 0 0 —
Read/Write w w w —
Bits in DCRO
to DCR3 Description
0 The output buffer (CMOS buffer) is turned off and the output goes to the high
impedance state. (initial value)
1 « CMOS three state outputs: the buffer is turned on and the corresponding

PDR value is output.

*  NMOS open drain pins: A low level is output when the PDR is set to 0, and

the pin goes to the high impedance state when the PDR is set to 1.

The table below lists the correspondence between the bitsin DCRO to DCR3 and the port RO to

R3 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit O
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, —

HITACHI
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(3) Port Mode Register A (PMRA: $004): PMRA isa3-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

Bit 3 2 1 0

— PMRA2 | PMRA1 | PMRAO
Initial value — 0 0 0
Read/Write — W W W

— R0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin

Unused

'— R04/SI pin function switch
0 | RO4 I/O pin
1| Slinput pin

— RO3/TOC pin function switch
0 | RO3 /O pin
1| TOC output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, input pin or as the timer C output pin (TOC).

PMRA2 Description
0 The R0O,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The R0O,/TOC pin functions as the TOC output pin.

Bit 1— RO,/SI Pin Function Switch (PMRAL): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description

0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO0,/SI pin functions as the Sl input pin.

174

HITACHI



Bit 0—RO0,/SO Pin Function Switch (PMRAO): Selects whether the R0O,/SO pin functions as the
RO, I/O pin or asthe serial transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR is a4-bit write-only register whose SMR3 hit
switches the RO/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write w w w W

Transfer clock selection

— R0p/SCK pin function switch
0 | ROg I/O pin
1| SCKI/O pin

Bit 3—R0y/SCK Pin Function Switch (SMR3): Selects whether the RO,/SCK pin functions as
the RO, I/O pin or asthe seria interface transfer clock 1/0 pin.

SMR3 Description
0 The R0O,/SCK pin functions as the RO, I/O pin. (initial value)
1 The RO,/SCK pin functions as the SCK I/O pin.
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(5) A/D Mode Register 1 (AMR1: $019): AMR1 isa 3-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 —
Initial value 0 0 0 —
Read/Write W W w —
Unused

— R37/AN; pin function switch

0 | R34 I/O pin

1 | ANq input pin

— R3,5/AN, pin function switch

0

R3, /O pin

1

AN, input pin

— R33/AN;3 pin function switch

0

R33 1/0 pin

1

ANj3 input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3, 1/O pin or asthe A/D converter channel 3 input pin AN,.

AMR13 Description

0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN,, pin functions as
the R3, I/O pin or asthe A/D converter channel 2 input pin AN,.

AMR12 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 1— R3,/AN, Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, 1/0 pin or asthe A/D converter channel 1 input pin AN,.

AMR11 Description
0 The R3,/AN, pin functions as the R3, 1/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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833

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 8-8.

Table8-8 R Port Pin Functions
Pin Pin Functions and Selection Methods
R0,/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK 1/0 pin
RO./SI The pin function is switched by the PMRA PMRAL bit and the DCRO DCRO1 bit as
shown below.
PMRA1 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Slinput pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRA2 bit and the DCRO DCRO03 bit as
shown below.
PMRA2 1
DCRO03 0 1 —
Pin function RO, input pin RO, output pin TOC output pin
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Table8-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R1, The pin function is switched by the DCR1 DCR10 bit as shown below.
DCR10 0 1
Pin function R1, input pin R1, output pin**
R1, The pin function is switched by the DCR1 DCR11 bit as shown below.
DCR11 0 1
Pin function R1, input pin R1, output pin**
R1, The pin function is switched by the DCR1 DCR12 bit as shown below.
DCR12 0 1
Pin function R1, input pin R1, output pin**
R1, The pin function is switched by the DCR1 DCR13 bit as shown below.
DCR13 0 1
Pin function R1, input pin R1, output pin*?
R2, The pin function is switched by the DCR2 DCR20 bit as shown below.
DCR20 0 1
Pin function R2, input pin R2, output pin*?
R2, The pin function is switched by the DCR2 DCR21 bit as shown below.
DCR21 0 1
Pin function R2, input pin R2, output pin*?
R2, The pin function is switched by the DCR2 DCR22 bit as shown below.
DCR22 0 1
Pin function R2, input pin R2, output pin*?
R2, The pin function is switched by the DCR2 DCR23 bit as shown below.
DCR23 0 1
Pin function R2, input pin R2, output pin*?

Notes on next page.
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Notes: 1. R1,to R1, are medium voltage NMOS open drain I/O pins. These pins go to the high
impedance state when their PDR is set to 1.
2. R1, and R2, to R2, are standard voltage NMOS open drain I/O pins. These pins go to
the high impedance state when their PDR is set to 1.
Table8-8 R Port Pin Functions (cont)
Pin Pin Functions and Selection Methods
R3,/AN, The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as
shown below.
AMR13 0 1
DCR33 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
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8.4 Usage Notes

Keep the following points in mind when using the 1/O ports.

When the MIS MIS2 bit is set to 1, the R0O,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or as the SO pin by the PMRA
PMRADO hit.

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0
pins can cause noise that can cause the LSI to operate incorrectly.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V - with external resistors of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their
reset state values. Also note that unused pins must not be selected for use as peripheral
function I/O pins.

When the MISMIS3 bit is set to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the MOS transistor for the corresponding
pin will not be turned off by selecting the analog input function with the AMRL1 register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 8-3 shows the circuit for the R port/analog input shared function pins.

AMRL isused to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 8-9, by the
combination of the AMR1 register, the MI1S3 bit, the DCR, and the PDR settings.
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Gz

D

—

Input control signal

T
I
4]
T

MIS3

AMR (A/D mode

register setting value)

DCR

PDR

Input data

A/D input

ACR (A/D channel

register setting value)

Figure8-3 R Port/Analog Input Shared Function Pin Circuit

Table8-9 Program Control of the R Port/Analog I nput Shared Function Pins
Corresponding bit in AMR1 0 (R port selected)
MIS3 bit 0 1
DCR 0 1 0
PDR 0 1 0 1 o | 1 0 1
CMOS buffer PMOS — — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
MIS3 bit 0 1
DCR 0 1 0
PDR 0 1 0 1 0o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On

Note: —: off
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In the HD404394 Series evaluation chip set, the circuits for the medium voltage NMOS open
drain pins (R1, to R1,) and the standard voltage NMOS open drain pins (R1; and R2, to R2,)

differ from the ZTAT™ and the mask ROM microcomputer versions as shown in figure 8-4.

Although the outputs in both the ZTAT™ and mask ROM versions can be set to high
impedance by the combinations listed in table 8.10, the R1, to R1, outputs cannot be set to
high impedance in the evaluation chip set. Also note that the R1, and R2, to R2; outputs go to
the high level when both the corresponding DCR and PDR are 1. Please keep thisin mind
when using the evaluation chip set.

MIS3

}—OC I @ DCR

@ > Input data

Input control signal

Note: * Only included in the R1j to R1, pin circuits. Does not appear in the R1; and R2,

&

to R23 pin circuits.

(a) Evaluation Chip Pin Circuit Structure
( — HLT
o<} —— DCR
i (: PDR

@) Input data

Input control signal

(b) ZTAT™ and Mask ROM Pin Circuit Structure

Figure8-4 Medium Voltage NMOS Open Drain Pin Circuits
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Table8-10 ZTAT™ and Mask ROM Microcomputer NMOS Open Drain Pin High

Impedance Control
DCR PDR Description
0 * High impedance output (initial value)
1 0 NMOS buffer on. Low level output

High impedance output

Note: * Don’t care
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Section 9 1/O Ports
(HD404318 Series)

9.1 Overview

9.1.1 Features

The HD404318 Series 1/0 ports have the following features.

The nine pins D, to Dg as well asthe R1, R2, and R8 ports are high voltage I/O pins. Also, RA,
isahigh voltage input pin. RO, R3, and R4 are standard voltage 1/0 pins that, in output mode,
are CMOS three state outputs.

Certain 1/0O pins (D, to D,, and the pins in the RO, R3, and R4 ports) are shared with the built-
in peripheral modules, such as timers and the serial interface. Setting these pins for use with
the built-in peripheral modules takes priority over their setting for use as D or R port pins.

Register settings are used to select input or output for I/O pins and to select the 1/O port or
peripheral module usage for shared function pins.

Of the built-in peripheral module pins, the D,/BUZZ pinisaPMOS open drain output. All
other output pins are CMOS outputs. However, the R0O,/SO pin can be selected to be an NMOS
open drain output by setting aregister.

Since the system is reset in stop mode, the built-in peripheral module selections are cleared and
the 1/0 pins go to the high impedance state.

The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 9-1 provides an overview of the HD404318 Series port functions.
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Table 9-1

Port Functions

Function
Switching
Port Overview Pin Shared Function Register
D,to D, * High voltage I/O port D/INT, External interrupt input 0  PMRB
* Accessed in bit units D,/INT, External interrupt input 1
*  Accessed with the SED, D,/EVNB Timer B event input
_Srgg?r‘]s'?ria‘ioi?[)' TD, and D/BUZZ  Alarm output PMRA
+ Pull-down resistors available D/STOPC Stop mode clear PMRB
as a mask option. D; to Dy — —
RO + Standard voltage I/O ports ~ R0,/SCK Transfer clock /O SMR
* Accessed in 4-bit units. RO,/SI Serial reception data input PMRA
* Accessed with the LAR, LBR, R0,/SO Serial transmission data
LRA, and LRB instructions. output
» Programmable pull-up MOS RO0,/TOC Timer C output
R3 transistors R3,/AN, Analog input channel 0 AMR1
R3,/AN; Analog input channel 1
R3,/AN, Analog input channel 2
R3,/AN, Analog input channel 3
R4 R4,/AN, Analog input channel 4 AMR2
R4,/AN, Analog input channel 5
R4,/ANg Analog input channel 6
R4,/AN, Analog input channel 7
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Table 9-1

Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register
R1 < High voltage /O ports R1, — —
e Accessed in 4-bit units. R1,
e Accessed with the LAR, R1,
LBR, LRA, and LRB
. ) R1,
instructions.
R2 . ) R2, — _
e Pull-down resistors available
as a mask option. R2,
R2,
R2,
R8 R8, — —
R8,
R8,
R8,
RA « High voltage input port (1 bit) RA,/V, High voltage pin output Mask
* Accessed with the LAR and power supply option
LBR instructions.
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9.1.2 1/0 Control

The D, R1, R2, and R8 ports are high voltage I/O ports, RA, is a 1-bit high voltage input port, and
RO, R3, and R4 are standard voltage 1/0 ports. The different port types have different circuit
structures as follows.

(1) High Voltage /O Pin Circuit: The D, R1, R2, and R8 port pins are high voltage 1/0 pins that
have no 1/0 switching function. When a port data register is set to 1, the PMOS transistor turns on
and a high level voltage is output from the pin. When the PDR is set to 0, the pin goes to the open
state. If the built-in pull-down resistor mask option was selected, the V 4, voltage is output. When
external signals are applied, applications must set the PDR value to 0 so that the external (input)
and internal (output) signals do not collide at the pin.

Note that there are no pull-down resistors on the high voltage I/O pinsin the ZTAT™ versions of
these microcomputers.

(2) Standard Voltage CMOS Three State |/O Pin Circuit: The pinsin the RO, R3, and R4
ports are standard voltage CMOS three state 1/0 ports. |/O through these portsis controlled by the
PDRs and the data control registers (DCR). When the DCR hit corresponding to agiven pinis1,
that pin functions as an output pin and outputs the value in the PDR. When a given DCR bit is 0,
the corresponding pin functions as an input pin.

(3) Pull-Up MOS Control: Each I/0O pin in the RO, R3, and R4 ports has a built-in programmable
pull-up MOS transistor. When the miscellaneous register (M1S) MIS3 bit is set to 1 the pull-up
MOS transistor for pins for which the corresponding PDR is set to 1 will be turned on. Thusthe
on/off state of each pin can be controlled independently by the PDRs. Note that the pull-up MOS
transistor on/off settings are independent of the pin settings for use as built-in peripheral module
pins.

Table 9-2 shows how register settings control the port 1/O pins.

Table9-2 Register Settingsfor 1/0 Pin Control

MIS3 0 1

DCR 0 1 0 1

PDR 0 1 0 1 o | 1 0 1

CMOS buffer PMOS — — On — — On
NMOS On — On —

Pull-up MOS transistor — — ‘ On — On

Notes: 1. —: Off

2. The PDR registers are not allocated addresses in RAM. The PDR registers are
accessed by special-purpose /O instructions.
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(4) Miscellaneous Register (MIS: $00C): MISisa2-bit write-only register that controls the
on/off states of the RO, R3, and R4 port pin pull-up MOS transistors and the on/off state of the
R0O,/SO pin output buffer PMOS transistor. MISisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0

MIS3 MIS2 — —

Initial value 0 0 — —

Read/Write w w — —
Unused

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control

0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0O port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0O,/SO pin
output buffer PMOS transistor.

MIS2 Description
0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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9.13 I/O Pin Circuit Structures
Table 9-3 shows the port and peripheral module pin circuits.

Notes. 1. Since the system isreset in stop mode, the built-in peripheral module selections are
cleared. Since the internal HLT signal goes to the low (active) level, the 1/0 pins go to
the high impedance state. Also, al the pull-up MOS transistors are turned off.

2. Inal low power modes other than stop mode, the internal HLT signal goes to the high
level.

Table9-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins
Standard voltage pins 1/O pins o AcT RO,, RO,
RO,
Vee Pull-up control signal MIS3 R3,to R3,,
Vee Buffer control R4, to R4,
signal
}—o@ Output data
PDR

Jo Input data

Input control signal

o] HLT RO,
Vee Pull-up control signal MIS3
Vee Buffer control
signal

I ,
MIS2
I—C@ Output data

PDR

Input data

Input control signal
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Table9-3 Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard Standard /O pins o< At SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
pins % Vee
}—C@ Output data
SCK
Input data
[>o P scK
Output o< Aacr SO
pins
Vee Pull-up control signal MIS3
Vee
—(=
! , PMOS control
signal
MIS2
}—O@ Outputdata
<] A T10C
Vee Pull-up control signal MIS3
Vee
}—O@ Output data ToC
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Table9-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard  Built-in Input o< ALT Sl
voltage peripheral pins Vee MIS3
pins module PDR
pins
@ Do Input data S|
o] ALT AN, to AN,
Vee MIS3

PDR

ot -

Input control
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Table9-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
High voltage pins I/O pins Pins with pull-down resistors D, to Dy,
v R1, to R1,,
o R2, to R2,,

N U R
. Output data

Pull-down resistor

Vdisp

) 4D3—> Input data
Input control signal

Pins without pull-down resistors*

VCC

Output data

. 4[)0—» Input data
Input control signal

Input RA,

pmn .
Input control signal
@ Input data

Note: * The ZTAT™ versions of these microcomputers only support pins without pull-down
resistors.
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Table9-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
High Built-in Output Pins with pull-down resistors BUZZ
voltage peripheral pins
. Vee
pins module
i O
Output data
Pull-down resistor
lesp
Pins without pull-down resistors*
Vee
Output data
Input  Pins with pull-down resistors INT,, INT,,
pins _ EVNB,
o< AT sTOPC
Vee MIS3
PDR

D {>° Input data INT,, INT;,
EVNB, STOPC

Pull-down resistor

Vdisp

Pins without pull-down resistors*

<] HLT
Vee MIS3
PDR

INTo, INT,,
@ Do EVNB, STOPC

Note: * The ZTAT™ versions of these microcomputers only support pins without pull-down
resistors.
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9.1.4 Port Statesin Low Power Modes

The D, to D, pins and the RO, R3, and R4 port pins have shared functions as input or output pins
for built-in peripheral modules. In standby mode, since the CPU stops, the pins selected as output
ports maintain their immediately prior output values. Also, pins selected for use by built-in
peripheral modules that operate in standby mode continue to operate. (Output pins used by
modules that stop in standby mode maintain their immediately prior output values.) See section 5,
“Low Power Modes”, for details on which built-in peripheral modules can operate in each mode.

Table 9-4 lists the port states in the low power modes.

Table9-4 Port Statesin Low Power Modes

Low Power Mode Port States
Standby mode Pins maintain their values immediately prior to entering standby mode.
Stop mode Built-in peripheral function selections are cleared, and the port and

peripheral function 1/O pins go to the high impedance state.

9.15 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation. The following are examples of techniques
that can prevent noise problems.

High voltage pin: Select “no pull-down MOS transistor (PMOS open drain)” as the mask
option and connect the pin to V. on the user system printed circuit board.

Standard voltage pin:  Either use the built-in pull-up MOS transistor to pull the pin up to V¢, or
pull up the pinto V. externally with a pull-up resistor of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their reset
state values. Also note that unused pins must not be selected for use as peripheral function 1/0
pins.
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9.2 D Port

921 Overview
The D port is a9-pin high voltage I/O port (D, to Dg) that can be accessed in 1-bit units.

The output levels on the pins D, to D4 can be set to low or high by accessing the port in one-bit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins D, to Dg can be tested in one-bit units with the TD
and TDD input instructions.

The pins D, to D, have shared functions as built-in peripheral module pins. PMRA and PMRB are
used to switch these functions.

Figure 9-1 shows the structure of the D port.

High voltage pins

<~ DyiNT, (VO orinput) |
<—> D,/INT4 (/O or input)
«—= D,/EVNB (/O orinput) |
~——-—= D3/BUZZ (I/O or output)
Dport |« » D,STOPC (I/O or input)
<= Ds(I/O)
~—— = Dg (I/O)
= D5 (I/0)

<= Dg(I/O)

Figure9-1 D Port Structure
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922 Register Configuration and Descriptions
Table 9-5 shows the configuration of the D port registers.

Table9-5 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 0

$004 Port mode register A PMRA w $0

$024 Port mode register B PMRB w $0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the I/O pins D, to Dg includes a built-in PDR that stores
the output data. When a SED or SEDD instruction is executed for one of the pins D, to Dg the
corresponding PDR is set to 1, and when a RED or REDD instruction is executed, the
corresponding PDR is cleared to O.

The PDRs are cleared to 0 on reset and in stop mode.
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(2) Port Mode Register A (PMRA: $004): PMRA is a4-bit write-only register whose PMRA3
bit switches the function of the D,/BUZZ pin. This section describes the function of the PMRA3
bit. See section 9.3.2 (3), “Port Mode Register A (PMRA)”, for details on the PMRA2 to PMRAO

bits.

Bit 3

2

1 0

PMRA3

PMRA2

PMRA1 | PMRAO

Initial value 0
Read/Write w

0
w

0 0
W W

'—R0,/SO pin function switch

0 | RO, I/O pin

1 | SO output pin

— R04/SI pin function switch
0 | RO4 I/O pin
1 | Slinput pin

'—RO03/TOC pin function switch

0

RO3 I/O pin

1

TOC output pin

— D3/BUZZ pin function switch

0

D3 I/O pin

1

BUZZ output pin

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D5 input pin or as the aarm output pin (BUZZ).

PMRA3 Description

0 D,/BUZZ pin functions as the D, I/O pin. (initial value)
1 D,/BUZZ pin functions as the BUZZ output pin.
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(3) Port Mode Register B (PMRB: $024): PMRB is a4-bit write-only register that switchesthe
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write w w w w

— Dg/INT pin function switch
0 | Dg I/O pin
1 | INTq input pin

— D4/INT pin function switch
0 | Dy I/O pin
1 | INT; input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

—D4/STOPC pin function switch
0 | D4 I/O pin
1| STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinisused as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pinisused as
the D, I/O pin or as the timer B event count input pin (EVNB).

PMRB2 Description
0 The D,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.
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Bit 1—D,/INT, Pin Function Switch (PMRB1): Selects whether the D,/INT, pin is used as the
D, I/O pin or as external interrupt 1 input pin (INT),).

PMRB1 Description
0 The D,/INT, pin functions as the D, 1/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.

Bit 0—D//INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, I/0 pin or as external interrupt 0 input pin (INT).

PMRBO Description

0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.
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9.2.3 Pin Functions

The functions of the pins D, to D, are switched by register PMRA and PMRB settings as shown in

table 9-6.

Table9-6 D,toD,Port Pin Functions

Pin Pin Functions and Selection Methods
D/INT, The pin function is switched as shown below by the PMRB PMRBO bit.
PMRBO 0 1
Pin function D, I/0 pin INT, input pin
D,/INT, The pin function is switched as shown below by the PMRB PMRBL1. bit.
PMRB1 0 1
Pin function D, I/0 pin INT, input pin
D,/JEVNB The pin function is switched as shown below by the PMRB PMRB2 bit.
PMRB2 0 1
Pin function D, I/O pin EVNB input pin
D,/BUZZ The pin function is switched as shown below by the PMRA PMRAS3 bit.
PMRA3 0 1
Pin function D, I/O pin BUZZ output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit.
PMRB3 0 1
Pin function D, I/O pin STOPC input pin

HITACHI
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9.3 R Ports

931 Overview

The R port consists of the six 4-bit I/O ports RO to R4 and R8 and the 1-bit input port RA,. These
ports are accessed in 4-bit units.

RO, R3, and R4 are standard voltage I/O ports. RA is a high voltage input port and R1, R2 and R8
are high voltage 1/O ports that can directly drive fluorescent display tubes.

Theindividual ports RO to R4 and R8 are accessed in 4-bit units with the LRA and LRB output
instructions to control the output levels (high or low) on each pin. Output datais stored in the PDR
built into each pin. Similarly, the LAR and LBR input instructions can be used to access the R
portsin 4-bit units to read the input levels on the port pins.

The RA; input-only port consists of asingle bit. The values of bits 3, 2, and 0 are undefined when
this port is accessed by the input instructions.

DCR registers are used to control on/off states of the RO, R3, and R4 output buffers. When the
DCR hit corresponding to apin in an RO, R3, or R4 port is set to 1, the contents of the PDR
corresponding to that pin is output from the pin. Thus the output buffer on/off states can be
controlled on an individual pin basis for the R port pins. The DCR registers are allocated in the
RAM address space.

The RO, R3, and R4 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (Seetable 9-7.)

Figure 9-2 shows the R port pin structure.
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RO port

RO/SCK (I/O or 1/O)
R04/SI (I/O or input)
R0,/SO (I/O or output)
R0O3/TOC (1/O or output)

R3 port

R3p/ANg (I/O or input)
R3,/AN; (I/O or input)
R35/AN, (I/O or input)
R33/AN3 (/O or input)

R4 port

R44/ANg4 (I/O or input)
R41/ANs (I/O or input)
R4,/ANg (I/0 or input)
R43/AN7 (I/O or input)

Note:

*

R1 port

High voltage pins

<= R1g(l/O)
<= RI1,(l/0)
<= R1,(l/0)

<= RI13(l/0)

R2 port

<= R2(l/O)

~—— = R2,(l/0)

<= R2,(l/0)

R8 port

R8,, (I/O)
R8; (I/O)
-« RS, (I/0)
R8; (1/O)

|-

RA port

In products with on-chip mask resistors, the use of this pin as the V;sp pin
(display power supply pin) can be selected as a mask option.
High voltage pins for which a pull-down MOS transistor is selected are pulled down

to the Vy;sp potential.

Figure9-2 R Port Structure
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932 Register Configuration and Descriptions
Table 9-7 shows the configuration of the R port related registers.

Table9-7 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data Standard voltage pins PDR W* 1
registers High voltage pins 0
$030 Data control registers DCRO w $0
$033 DCR3 W $0
$034 DCR4 w $0
$004 Port mode register A PMRA w $0
$005 Serial mode register SMR w $0
$019 A/D mode register 1 AMR1 w $0
$01A A/D mode register 2 AMR2 W --00

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers (PDR): All the 1/O pinsin ports RO to R4 and R8 include a PDR that
holds the output data. When an LRA or an LRB instruction is executed for one of ports RO to R4
or R8, the contents of the accumulator (A) or the B register (B) are transferred to the specified R
port PDRs. When bitsin DCRO, DCR3, or DCR4 are set to 1, the output buffers for the
corresponding pinsin port RO, R3 or R4 will be turned on and the valuesin the PDRs will be
output from those pins.

The PDR registers for standard voltage pins are set to 1 on reset and in stop mode, and the PDRs
for high voltage pins are cleared to 0.
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(2) Data Control Registers (DCRO, DCR3, DCR4: $030, $033, $034)

Bit 3 2 1 0
DCRO: $030 DCRO03 | DCR02 | DCR0O1 | DCR0OO
Initial value 0 0 0 0
Read/Write W W W W
Bit 3 2 1 0
DCR3: $033 DCR33 | DCR32 | DCR31 | DCR30
Initial value 0 0 0 0
Read/Write w W w w
Bit 3 2 1 0
DCR4: $034 DCR43 | DCR42 | DCR41 | DCR40
Initial value 0 0 0 0
Read/Write w w w w
Bits in DCRO,
DCRS3, and DCR4 Description
0 The output buffer (CMOS bulffer) is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the corresponding PDR value is output.

The table below lists the correspondence between the bitsin DCRO, DCR3, and DCR4 and the

port RO, R3, and R4 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, RO, RO,
DCR3 R3, R3, R3, R3,
DCR4 R4, R4, R4, R4,
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(3) Port Mode Register A (PMRA: $004): PMRA isa4-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

This section describes the bits PMRA2 to PMRAOQ. See section 9.2.2 (2), “Port Mode Register A
(PMRA)", for details on the PMRA3 bit.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRA1 | PMRAO
Initial value 0 0 0 0
Read/Write w w w w
— RO0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin
— R0O4/SI pin function switch
0 | RO I/O pin
1 | Slinput pin
— RO03/TOC pin function switch
0 | RO3 /O pin
1 | TOC output pin

— D3/BUZZ pin function switch

0

D3 I/0 pin

1

BUZZ output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or asthe timer C output pin (TOC).

PMRA2 Description

0 The R0O,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The R0O,/TOC pin functions as the TOC output pin.
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Bit 1—R0,/SI Pin Function Switch (PMRA1): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description
0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO,/SI pin functions as the Sl input pin.

Bit 0—RO0,/SO Pin Function Switch (PMRAO): Selects whether the RO,/SO pin functions as the
RO, 1/0 pin or as the seria transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR isa4-bit write-only register whose SMR3 hit
switches the RO/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write w w w w

Transfer clock selection

— R0y/SCK pin function switch
0 | ROg I/O pin
1 | SCKI/O pin

Bit 3—R0/SCK Pin Function Switch (SMR3): Selects whether the RO/SCK pin functions as
the RO, I/O pin or asthe seria interface transfer clock 1/0 pin (SCK).

SMR3 Description
0 The RO,/SCK pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK I/O pin.
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(5) A/D Mode Register 1 (AMR1: $019): AMR1 isa4-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 | AMR10

Initial value 0 0 0 0

Read/Write w w w w

— R3¢/ANq pin function switch
0 | R3y /O pin
1 | ANg input pin

— R3;/AN pin function switch
0 | R3,1/O pin
1 | ANy input pin

— R3,5/AN, pin function switch
0 | R3,1/0 pin
1 | AN5 input pin

— R33/AN3 pin function switch
0 | R331/0 pin
1 | ANz input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3, 1/O pin or asthe A/D converter channel 3 input pin AN,.

AMR13 Description
0 The R3,/AN, pin functions as the R3; I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN, pin functions as
the R3, I/O pin or asthe A/D converter channel 2 input pin AN.,.

AMR12 Description

0 The R3,/AN, pin functions as the R3, I/0 pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1 input pin AN;,.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN;, pin functions as the AN, input pin.

Bit 0—R3/AN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel O input pin AN,.

AMR10 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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(6) A/D Mode Register 2 (AMR2: $01A): AMR2 isa 2-bit write-only register whose AMR21
bit switches the functions of all four bits of the R4 port (R4, to R4,) to be A/D converter input
channels (AN, to AN,). This section describes the AMR21 bit. See section 15.2.2, “A/D Mode
Register 2 (AMR2)", for details on the AMR20 bit.

Bit 3 2 1 0

— — AMR21 | AMR20
Initial value — — 0 0
Read/Write — — W w

— A/D conversion time
Unused 0| 34ty
1| 67 teye

— R4y/AN,4 to R43/AN> pin function switch
0 | R4gto R431/0 pins
1 | AN4to ANy input pins

Bit 1—R4,/AN, to R4,/AN, Pin Function Switch (AMR21): Selects whether the R4,/AN, to
R4,/AN, pins function as the R4, to R4, 1/0O pins or asthe A/D converter channel 4 to 7 input pins
(AN, to AN,).

AMR21 Description

0 The R4,/AN, to R4,/AN, pins function as the R4, to R4, I/O pins. (initial value)
1 The R4,/AN, to R4,/AN, pins function as the AN, to AN, input pins.
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933

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 9-8.

Table9-8 R Port Pin Functions
Pin Pin Functions and Selection Methods
R/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK 1/0 pin
RO,/SI The pin function is switched by the PMRA PMRAL bit and the DCRO DCRO01 bit as
shown below.
PMRAL 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRAZ2 bit and the DCRO DCRO03 bit as

shown below.

PMRA2 1
DCRO3 0 1 —
Pin function RO, input pin RO, output pin TOC output pin
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Table 9-8

R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R3,/AN, The pin function is switched by the AMR1 AMR10 bit and the DCR3 DCR30 bit as
shown below.
AMR10 0 1
DCR30 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as
shown below.
AMR13 0 1
DCR33 0 1 —
Pin function R3; input pin R3; output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR4O0 bit as
shown below.
AMR21 0 1
DCR40 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
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Table9-8 R Port Pin Functions (cont)
Pin Pin Functions and Selection Methods
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA41 bit as
shown below.
AMR21 0 1
DCRA41 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA42 bit as
shown below.
AMR21 0 1
DCR42 0 1 —
Pin function R4, input pin R4, output pin ANy input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR43 bit as

shown below.

AMR21 0 1
DCR43 0 1 —
Pin function R4, input pin R4, output pin AN, input pin

HITACHI
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9.4 Usage Notes

Keep the following points in mind when using the 1/0 ports.

When the MIS MIS2 bit is set to 1, the RO,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or asthe SO pin by the PMRA
PMRAO hit.

1/0 pinsthat are unused in user systems must be tied to afixed potential, since floating 1/0
pins can cause noise that can interfere with LS| operation. The following are examples of
techniques that can prevent noise problems.

High voltage pin: Select “no pull-down MOS transistor (PMOS open drain)” as the mask
option and connect the pin to V. on the user system printed circuit
board.

Standard voltage pin:  Either use the built-in pull-up MOS transistor to pull the pin up to V.,
or pull up the pinto V. externally with a pull-up resistor of about
100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their
reset state values. Also note that unused pins must not be selected for use as peripheral
function I/O pins.

When the MIS MIS3 bit is set to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the pull-up MOS transistor for the
corresponding pin will not be turned off by selecting the analog input function with the AMR1
and AMR2 register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 9-3 shows the circuit for the R port/anal og input shared function pins. AMR1 and
AMR2 are used to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 9-9, by the
combination of the AMR1 (or AMR2) register, the MIS3 bit, the DCR, and the PDR settings.
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]

Pull-up control signal MIS3

Buffer control AMR (A/D mode
signal Gﬁ register setting value)
DCR

}—O@ Output data
PDR

& Input data
Input control signal
L <
{B A/D input
T ACR (A/D channel

register setting value)

Figure9-3 R Port/Analog Input Shared Function Pin Circuit Structure
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Table9-9 Program Control of the R Port/Analog I nput Shared Use Pins
Corresponding bit in AMR1 0 (R port selected)
or AMR2
MIS3 bit 0 1
DCR 1 0
PDR 0 1 o | 1 0 1
CMOS buffer PMOS — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
or AMR2
MIS3 bit 0
DCR 1 0
PDR 0 1 0o | 1 0 1
CMOS buffer PMOS — — — — —
NMOS — — — —
— On

Pull-up MOS transistor

Note: —: off
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Section 10 1/0O Ports
(HD404358 and HD404358R Series)

10.1 Oveview

10.1.1 Features

The HD404358 and HD404358R Series 1/0 ports have the following features.

HD404358 Series. The four pins R2, to R2; are medium voltage NMOS open drain /O pins.
RA, isan input-only pin. The D, RO, R1, R3, R4, and R8 port pins are standard voltage |/O
pinsthat, in output mode, are CMOS three state outputs.

HD404358R Series. Pins D, to Dg, RO, R1, R2, R3, R4, and R8 are CMOS three state standard
voltage /O pins. Of these, 20 pins (D5 to Dg, RO, R1, R2, and R8) can handle current levels of
up to 15 mA. Also, RA; isan input-only pin.

Certain 1/0O pins (D, to D,, and the pins in the RO, R3, and R4 ports) are shared with the built-
in peripheral modules, such as timers and the serial interface. Setting these pins for use with
the built-in peripheral modules takes priority over their setting for use as D or R port pins.

Register settings are used to select input or output for I/O pins and to select the 1/O port or
peripheral module usage for shared function pins.

All peripheral module output pins are CMOS outputs. However, the R0,/SO pin can be
selected to be an NMOS open drain output by setting a register.

Since the system is reset in stop mode, the built-in peripheral module selections are cleared and
the 1/0 pins go to the high impedance state.

The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 10-1 provides an overview of the HD404358 Series port functions.
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Table10-1 Port Functions

Port

Overview Pin

Shared Function

Function
Switching
Register

D, to D,

HD404358 Series: D/INT,

External interrupt input O

Standard voltage I/0 port D,/INT,

External interrupt input 1

Accessed in bit units D,/EVNB

Timer B event input

PMRB

Accessed with the SED, D,/BUZZ

Alarm output

PMRA

SEDD, RED, REDD, TD, and

. . D,/STOPC
TDD instructions.

Stop mode clear

PMRB

Programmable pull-up MOS D, to D

transistors

HD404358R Series:

Standard voltage 1/O port.

D, to Dy is high current pins
(max. 15 mA)

Accessed in bit units
Accessed with the SED,
SEDD, RED, REDD, TD, and
TDD instructions.

Programmable pull-up MOS
transistors
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Table10-1 Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register
RO HD404358 Series: R0,/SCK Transfer clock I/0O SMR
* Standard voltage /O port  RQ,/SI Serial reception data input PMRA
* Accessed in 4-bit units. R0,/SO Serial transmission data
¢ Accessed with the LAR, LBR, output
LRA, and LRB instructions. RO,/TOC Timer C output
R3 * Progr.ammable pull-up MOS  R3 /AN, Analog input channel 0 AMR1
HDI)T?S?ZZ . R3,/AN, Analog input channel 1
. Standard v:jlrtl:;e O port R3,/AN, Analog input channel 2
. RO,RL, R8 is high current R3,/AN, Analog input channel 3
R4 pins (max. 15 mA) R4,/AN, Analog input channel 4 AMR2
«  Accessed in 4-bit units. R4 /AN Analog input channel 5
« Accessed with the LAR, LBR, R4,/AN; Analog input channel 6
LRA, and LRB instructions.  R4,/AN, Analog input channel 7
R1 * Programmable pull-up MOS  R1, — —
transistors R1,
R1,
R1,
R8 R8, — —
R8,
R8,
R8,

HITACHI
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Table10-1 Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register

R2 HD404358 Series: R2, — -

¢ Medium voltage NMOS open R2,
drain 1/O port

R2,
¢ Accessed in 4-bit units.
i it uni R2,

¢ Accessed with the LAR, LBR,
LRA, and LRB instructions.

HD404358R Series:

e Standard voltage I/O port.

¢ High current pins (max. 15
mA)

e Accessed in 4-bit units.

* Accessed with the LAR, LBR,
LRA, and LRB instructions.

¢ Programmable pull-up MOS
transistors

RA « Standard voltage input port (1 RA, — —
bit)
e Accessed with the LAR and
LBR instructions.
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10.1.2 1/O Control

HD404358 Series: R2 is amedium voltage NMOS open drain I/O port and the D, to Dg, RO, R1,
R3, R4 and R8 ports are standard voltage 1/0 ports. The different port types have different circuit
structures as follows.

HD404358R Series: The D, to Dg, RO, R1, R2, R3, R4 and R8 are standard voltage /O ports.

(1) Medium Voltage NMOS Open Drain 1/0 Pin Circuit (HD404358 Series): R2 isamedium
voltage NMOS open drain 1/O port and /O through this port is controlled by the port data registers
(PDR) and the data control registers (DCR). When the DCR hit corresponding to agiven pinis1,
that pin functions as an output pin and when the value in the PDR is 0, the pin’s NMOS transi stor
turns on and the pin outputs alow level voltage. When the value in the PDR is 1 the pin goesto
the high impedance state. When a given DCR bit is 0, the corresponding pin functions as an input

pin.

(2) Standard Voltage CMOS Three State I/O Pin Circuit: The pinsin the D, to Dg, RO, R1,
R3, R4, and R8 ports (HD404358 Series) or D, to Dg, RO, R1, R2, R3, R4 and R8 ports
(HD404358R) are standard voltage CM OS three state I/O ports. 1/0 through these portsis
controlled by the PDRs and the data control registers (DCD or DCR). When the DCD or DCR bit
corresponding to agiven pinis 1, that pin functions as an output pin and outputs the value in the
PDR. When agiven DCD or DCR hit is 0, the corresponding pin functions as an input pin.

(3) Pull-Up MOSControl: Thel/O pinsin ports D, to Dg and ports RO, R1, R3, R4, and R8
(HD404358 series) have built-in programmable pull-up MOS transistors. This also appliesto I/0
pinsin ports D, to Dg and ports RO, R1, R2, R3, R4, and R8 (HD404358R series). When the
miscellaneous register (MIS) MIS3 hit is set to 1 the pull-up MOS transistor for pins for which the
corresponding PDR is set to 1 will be turned on. Thus the on/off state of each pin can be controlled
independently by the PDRs. Note that the pull-up MOS transistor on/off settings are independent
of the pin settings for use as built-in peripheral module pins.

Table 10-2 shows how register settings control the port 1/O pins.

Table10-2 Register Settingsfor 1/0 Pin Control

MIS3 0 1

DCD, DCR 0 1 0 1

PDR 0 1 0 1 o | 1 0o 1

CMOS buffer PMOS — — On — — On
NMOS On — On —

Pull-up MOS transistor — — ‘ On — On
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Notes: 1. —: Off
2. The PDR registers are not allocated addresses in RAM. The PDR registers are
accessed by special-purpose /O instructions.

(4) Miscellaneous Register (MIS: $00C): MISis a 2-bit write-only register that controls the
on/off states of the D, RO, and R3 port pin pull-up MOS transistors and the on/off state of the
R0,/SO pin output buffer PMOS transistor. MISisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0

MIS3 MIS2 — —

Initial value 0 0 — —

Read/Write w w — —
Unused

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control
0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0 port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0,/SO pin
output buffer PMOS transistor.

MIS2 Description

0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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10.1.3 /O Pin Circuit Structures

Table 10-3 shows the port and peripheral module pin circuits for the HD404358 series, and table
10-4 shows the port and peripheral module pin circuits for the HD404358R series.

Notes: 1. Sincethe system isreset in stop mode, the built-in peripheral module selections are
cleared. Since the internal HLT signal goes to the low (active) level, the 1/0 pinsgo to
the high impedance state. Also, al the pull-up MOS transistors are turned off.

2. Inall low power modes other than stop mode, the internal HLT signal goes to the high
level.

Table 10-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins

Standard voltage I/0 pins ] AT D, to Dy,
pins RO,, RO,,
Vee Pull-up control signal MIS3 RO,,

é Vee Buffer control R1, to Rl

signal R3, to R3,,

}—O(:l: DCD. R4, toR4,
1 DCR
R8, to R8,
I—C@ Output data
PDR

—’—D Input data

Input control signal

o At RO
Vee Pull-up control signal MIS3
Vee Buffer control
signal

I 'S
}—O@ Output data

PDR

o Input data

Input control signal
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Table 10-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard voltage Input RA,
pins pins
Input data
Input control signal
Medium voltage I/0 pins R2, to R2,

pins AT

Output data PDR

o Input data

Input control signal
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Table 10-3

Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard Standard /O pins o AT SCK
voltage peripheral
pins module Pull-up control signal MIS3
pins Vee
}—o@ Output data
CK
Input data
[>o P SCK
Output o< A SO
pins
Vee Pull-up control signal MIS3
Vee
(5
! . PMOS control
signal
MISs2
}—O@ Output data S0
o< AT TOC,
BUZz
V Pull-up control signal
cc MIS3
Output data TOC,
BUZZ
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Table 10-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard  Built-in Input Sl,
voltage  peripheral pins - INT,, INT,,
pins module v < HLT EVNB,
pins cc MIS3 STOPC
% PDR
Input data m*
@ o P INT,, EVNB,
STOPC
AN, to AN,
<l HLT
Vee MIS3
% ] PDR
@ ¢ A/D input

Input control
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Table 10-4 Input and Output Pin Circuits

Applicable
Class Circuit Pins

Standard voltage I/0 pins o] ALT D, to Dy,
pins RO,, RO,,

Pull-up control signal MIS3 RO,

e ot R1, to RL,,
uffer contro
signal R2, to R2,,

d DCD, R3, to R3,,
. DCR
R4, to R4,,
R8, to R8,
}—@ Output data
PDR

Jo—————————————— Input data

Input control signal

o] wT RO,
Vee Pull-up control signal MIS3
Vee Buffer control
signal

} c(j: DCD, DCR

MIS2
}—@ Output data

PDR

ﬂ— input data

Input control signal

Input RA,
pins

Input data

Input control signal
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Table 10-4 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard Standard /O pins o< HLT SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
ins
P Vee Buffer control
signal
.. }—O@ Output data
SCK
o SCK
Input control signal
Output 4 HLT SO
pins
Pull- trol signal
ull-up control signal MIS3
Buffer control
signal
(=
P PMOS
control signal MIS2
}—O@ Output data
SO
o] HT TOC,
BUzz
Pull-up control signal
Vee P 9 MIS3
Buffer control
signal
Output data
TOC,
BUzZZ
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Table 10-4 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard Standard Input Sl,
voltage  peripheral pins - INT,, INT,,
pins module ot HLT EVNB,
pins Vee MIS3 STOPC
PDR
SI, INTg,
D > INT1,EVNB,
STOPC
AN, to AN,

o] AT
Vee \i—\—{]: MIS3
1 PDR
!
A/D input
® ¢

Input control
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10.1.4 Port Statesin Low Power Modes

The D, to D, pins and the RO, R3, and R4 port pins have shared functions as input or output pins
for built-in peripheral modules. In standby mode, since the CPU stops, the pins selected as output
ports maintain their immediately prior output values. Also, pins selected for use by built-in
peripheral modules that operate in standby mode continue to operate. (Output pins used by
modules that stop in standby mode maintain their immediately prior output values.) See section 5,
“Low Power Modes”, for details on which built-in peripheral modules can operate in each mode.

Table 10-5 lists the port states in the low power modes.

Table10-5 Port Statesin Low Power Modes

Low Power Mode Port States
Standby mode Pins maintain their values immediately prior to entering standby mode.
Stop mode Built-in peripheral function selections are cleared, and the port and

peripheral function 1/O pins go to the high impedance state.

10.1.5 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V. with external resistors of about 100 kQ.

Application programs should maintain the PDR, DCD and DCR contents for unused pins at their
reset state values. Also note that unused pins must not be selected for use as peripheral function
I/O pins.
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10.2 D Port

10.2.1  Overview

The D port of the HD404358 series consists of nine I/O ports (D, to Dg) that can be accessed in
1-bit units.

The D port of the HD404358R series consists of nine I/O ports (D, to Dg; of which Dg to Dg are
capable of handling high current levels of up to 15 mA) that can be accessed in 1-bit units.

The output levels on the pins D, to D4 can be set to low or high by accessing the port in one-bit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins D, to Dg can be tested in one-bit units with the TD
and TDD input instructions.

The DCD registers are used to turn the D port output buffers on or off. When the DCD bit
corresponding to agiven pinis 1, the datain the corresponding PDR will be output from that pin.
The on/off states of the output buffers can be controlled individualy for each D port pin. The
DCD registers are allocated in the RAM address space.

The pins D, to D, have shared functions as built-in peripheral module pins. PMRB is used to
switch these functions.

Figure 10-1 shows the structure of the D port.

l«——= Dg/INT, (/O or input)
<« D;/INT4 (I/O or input)
«— D,/EVNB (I/O or input)
~—— D3/BUZZ (I/O or output)
Dport |« » D,/STOPC (I/O or input)

<= D, (I/0)

- Dg(l0)

Figure10-1 D Port Structure
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10.2.2 Register Configuration and Descriptions
Table 10-6 shows the configuration of the D port registers.

Table10-6 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$02C Data control registers DCDO W $0

$02D DCD1 W $0

$02E DCD2 w ---0

$004 Port mode register A PMRA w $0

$024 Port mode register B PMRB w $0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the I/O pins D, to D4 includes a built-in PDR. When a
SED or SEDD instruction is executed for one of the pins D, to Dy the corresponding PDR is set to
1, and when a RED or REDD instruction is executed, the corresponding PDR is cleared to O.
When bitsin DCDO to DCD2 are set to 1, the output buffers for the corresponding pins will be
turned on and the valuesin the PDRs will be output from those pins.

The PDRs are cleared to 1 on reset and in stop mode.
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(2) Data Control Registers (DCDOto DCD2: $02C, $02D, $02E)

Bit 3 2 1 0
DCDO: $02C DCDO03 | DCD02 | DCD01 | DCD0O0
Initial value 0 0 0 0
Read/Write W W W W
Bit 3 2 1 0
DCD1: $02D DCD13 | DCD12 | DCD11 | bCD10
Initial value 0 0 0 0
Read/Write w W w w
Bit 3 2 1 0
DCD2: $02E — — — DCD20
Initial value — — — 0
Read/Write — — — w
Bits in
DCDOto DCD2 Description
0 The output buffer (CMOS buffer) is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the corresponding PDR value is output.

The table below lists the correspondence between the bitsin DCDO to DCD2 and the D port pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit O
DCDO D, D, D, D,
DCD1 D, D, D, D,
DCD2 — — — D,
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(3) Port Mode Register A (PMRA: $004): PMRA is a4-bit write-only register whose PMRA3
bit switches the function of the D,/BUZZ pin. This section describes the function of the PMRA3
bit. See section 10.3.2 (3), “Port Mode Register A (PMRA)”, for details on the PMRA2 to
PMRAQO hits.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRA1 | PMRAO

Initial value 0 0 0 0

Read/Write wW w w w

'— R0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin

— R04/SI pin function switch
0 | RO4 I/O pin
1| Slinput pin

— RO03/TOC pin function switch
0 | RO31/O pin
1| TOC output pin

— D3/BUZZ pin function switch
0 | D3 /O pin
1 | BUZZ output pin

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D, I/O pin or as the alarm output pin (BUZZ).

PMRA3 Description

0 The D,/BUZZ pin functions as the D, I/O pin. (initial value)
1 The D,/BUZZ pin functions as the BUZZ output pin.
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(4) Port Mode Register B (PMRB: $024): PMRB is a4-bit write-only register that switchesthe
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write w W w w

— Dg/INTq pin function switch
0 | Dg I/O pin
1 | INTq input pin

— D4/INT; pin function switch
0 | D4 I/O pin
1 | INT4 input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

'— D4/STOPC pin function switch
0 | D4 I/O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinisused as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pinisused as
the D, I/O pin or as the timer B event count input pin (EVNB).

PMRB2 Description
0 The D,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.
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Bit 1—D,/INT, Pin Function Switch (PMRB1): Selects whether the D,/INT, pin is used as the
D, I/O pin or as external interrupt 1 input pin (INT),).

PMRB1 Description
0 The D,/INT, pin functions as the D, 1/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.

Bit 0—D//INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, I/0 pin or as external interrupt 0 input pin (INT).

PMRBO Description

0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.
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10.2.3

Pin Functions

The functions of the pins D, to D4 are switched by register settings as shown in table 10-7.

Table10-7 D,to D4 Port Pin Functions

Pin Pin Functions and Selection Methods
D,/INT, The pin function is switched as shown below by the PMRB PMRBO bit and the
DCDO DCDOO bit.
PMRB 0 1
DCDO00 0 1 —
Pin function D, input pin D, output pin INT, input pin
D, /INT, The pin function is switched as shown below by the PMRB PMRBL1 bit and the
DCDO DCDO1 bit.
PMRB1 0 1
DCDO01 0 1 —
Pin function D, input pin D, output pin INT, input pin
D,/EVNB The pin function is switched as shown below by the PMRB PMRB2 bit and the
DCDO DCDO02 bit.
PMRB2 0 1
DCD02 0 1 —
Pin function D, input pin D, output pin EVNB input pin
D,/BUZZ The pin function is switched as shown below by the PMRA PMRA3 bit and the
DCDO DCDO03 bit.
PMRA3 0 1
DCDO03 0 1 —
Pin function D, input pin D, output pin BUZZ output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit and the

DCD1 DCD10 bit.

PMRB3 0 1
DCD10 0 1 —
Pin function D, input pin D, output pin STOPC input pin

HITACHI
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Table10-7 D,to D4 Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
D, The pin function is switched as shown below by the DCD1 DCD11 bit.
DCD11 0 1
Pin function D input pin D, output pin
Ds The pin function is switched as shown below by the DCD1 DCD12 bit.
DCD12 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD1 DCD13 bit.
DCD13 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD2 DCD20 bit.
DCD20 0 1
Pin function D, input pin D, output pin
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10.3 R Ports

10.3.1 Overview

The R port consists of the six 4-bit I/O ports RO to R4 and R8 and the 1-bit input port RA,. These
ports are accessed in 4-bit units.

RO, R1, R3, R4, and R8 are standard voltage CMOS three state 1/0O ports and R2 is a medium
voltage NMOS open drain 1/0 port of HD404358 Series.

On the HD404358R series pins RO, R1, R2, R3, R4, and R8 are CMOS three state standard
voltage I/O pins. Of these, RO, R1, R2, and R8 can handle high current levels of up to 15 mA.

Theindividual ports RO to R4 and R8 are accessed in 4-bit units with the LRA and LRB output
instructions to control the output levels (high or low) on each pin. Output datais stored in the PDR
built into each pin. Similarly, the LAR and LBR input instructions can be used to access the R
portsin 4-bit units to read the input levels on the port pins.

The RA1 input-only port consists of asingle bit. The values of bits 3, 2, and 0 are undefined when
this port is accessed by the input instructions.

DCR registers are used to control on/off states of the R port output buffers. When the DCR bit
corresponding to apin in an R port is set to 1, the contents of the PDR corresponding to that pinis
output from the pin. Thus the output buffer on/off states can be controlled on an individual pin
basis for the R port pins. The DCR registers are allocated in the RAM address space.

The RO, R3, and R4 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (See table 10-8.)

Figure 10-2 shows the R port pin structure.
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RO port

ROG/SCK (I/O or 1/0)
RO04/SI (1/O or input)
R0,/SO (I/O or output)
RO3/TOC (I/O or output)

R2 port

Medium voltage pins
- R2,(0) !
R2, (1/0)
R2, (1/0)

R2; (I/0)

R4 port

R4/AN, (/O or input)
R4,/ANs (/O or input)
R4,/ANg (/O or input)
R43/AN7 (1/O or input)

RA port

RA; (input)

HD404358 Series

RO port

NMOS high current pins

le——L = ROG/SCK(I/O o 1/0)

|
[———— R04./SI (I/O or Input)
|

1™ R02/SO (I/O or Output)
——L = RO,/TOC(I/O or Output)

R2 port

e+ = R2, (/O
|

[ -

R4 port

[—————» R4/AN4(I/O or input)
~—— R4,/AN5(1/O or input)
[—— R4,/ANg(I/O or input)

" R43/AN(I/O or input)

RA port

e RAq (input)

R1 port

R3 port

R3p/ANg (I/O or input)
R31/AN1 (I/O or input)
R3,/ANj; (1/O or input)
R33/AN3 (1/O or input)

R8 port

R8, (I/O)
R8, (I/O)
RS, (I/0)
R83 (I/0)

R1 port

NMOS high current pins

T I

= R1, (10) |
‘—‘r’ R1, (I/O) }
<—%—> RL, (II0) |
- R1, (1/0) }

[

R3 port

[-—————m R3p/ANg (I/O or input)
[-—— R3;/AN; (I/O or input)
[— R3,/AN; (/O or input)

[<———® R33/AN3 (I/O or input)

R8 port

NMOS high current pins

<—‘F> RSy (1/0)
——T R8, (I/0)

™ RS, (1/0)
™ R8; (I/0)

[EE I

HD404358R Series
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10.3.2 Register Configuration and Descriptions
Table 10-8 shows the configuration of the R port related registers.

Table 10-8 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1
$030 Data control registers DCRO w $0
$031 DCR1 W $0
$032 DCR2 w $0
$033 DCR3 w $0
$034 DCR4 W $0
$038 DCRS8 w $0
$004 Port mode register A PMRA w $0
$005 Serial mode register SMR w $0
$019 A/D mode register 1 AMR1 W $0
$01A A/D mode register 2 AMR2 w --00

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers (PDR): All thel/O pinsin ports RO to R4 and R8 include a PDR that
holds the output data. When an LRA or an LRB instruction is executed for one of ports RO to R4
or R8, the contents of the accumulator (A) or the B register (B) are transferred to the specified R
port PDRs. When bitsin DCRO to DCR4, or DCR8 are set to 1, the output buffers for the
corresponding pinsin port RO to R4 or R8 will be turned on and the values in the PDRs will be
output from those pins.

The PDR registers are set to 1 on reset and in stop mode.

241
HITACHI



(2) Data Control Registers (DCRO0 to DCR4, DCR8: $030, $031, $032, $033, $034, $038)

Bit 3 2 1 0
DCRO: $030 DCRO03 | DCR02 | DCR0O1 | DCRO00O
Initial value 0 0 0 0
Read/Write w W W w
Bit 3 2 1 0
DCR1: $031 DCR13 | DCR12 | DCR11 | DCR10
Initial value 0 0 0 0
Read/Write w W W w
Bit 3 2 1 0
DCR2: $032 DCR23 | DCR22 | DCR21 | DCR20
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCR3: $033 DCR33 | DCR32 | DCR31 | DCR30
Initial value 0 0 0 0
Read/Write w W W w
Bit 3 2 1 0
DCR4: $034 DCR43 | DCR42 | DCR41 | DCR40
Initial value 0 0 0 0
Read/Write w W W w
Bit 3 2 1 0
DCRS8: $038 DCR83 | DCR82 | DCR81 | DCR80
Initial value 0 0 0 0
Read/Write w w w w
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Bits in DCRO to

DCR4, and DCR8 Description

0 The output buffer (CMOS buffer) is turned off and the output goes to the
high impedance state. (initial value)

1 e The CMOS three state output buffer is turned on and the

corresponding PDR value is output.

e For medium voltage NMOS open drain pins (R2) of HD404358 Series,
when the PDR is 0 a low level is output. When the PDR is 1, the pin
goes to the high impedance state.

The table below lists the correspondence between the bitsin DCRO to DCR4 and DCR8 and the
port RO to R4 and R8 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, R3,
DCR4 R4, R4, R4, R4,
DCR8 R8, R8, R8, R8,
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(3) Port Mode Register A(PMRA: $004): PMRA is a4-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

This section describes the bits PMRA2 to PMRAO. See section 10.2.2 (3), “Port Mode Register A
(PMRA)", for details on the PMRA3 bit.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRA1 | PMRAO
Initial value 0 0 0 0
Read/Write w w w w
— RO0,/S0O pin function switch
0 | RO, I/O pin
1| SO output pin
— RO4/SI pin function switch
0 | ROq I/O pin
1 | Slinput pin
— R0O3/TOC pin function switch
0 | RO3 I/O pin
1 | TOC output pin

— D3/BUZZ pin function switch

0

D3 I/0 pin

1

BUZZ output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or as the timer C output pin (TOC).

PMRA2 Description

0 The R0O,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The RO,/TOC pin functions as the TOC output pin.
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Bit 1—R0,/SI Pin Function Switch (PMRA1): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description
0 The RO,/SI pin functions as the RO1 I/O pin. (initial value)
1 The RO,/SI pin functions as the Sl input pin.

Bit 0—RO0,/SO Pin Function Switch (PMRAO): Selects whether the RO,/SO pin functions as the
RO, 1/0 pin or as the seria transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.
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(4) Serial Mode Register (SMR: $005): SMR is a4-bit write-only register whose SMR3 bit
switches the RO,/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write w w w w

Transfer clock selection

— R0O/SCK pin function switch
0 | ROg I/O pin
1 | SCKI/O pin

Bit 3—R0/SCK Pin Function Switch (SMR3): Selects whether the RO/SCK pin functions as
the RO, /O pin or asthe serial interface transfer clock 1/O pin.

SMR3 Description

0 The RO,/SCK pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK 1/O pin.
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(5) A/D Mode Register 1 (AMRL1: $019): AMR1 isa4-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 | AMR10

Initial value 0 0 0 0

Read/Write W W W W

— R3p/ANg pin function switch
0 | R3y I/O pin
1 | ANg input pin

— R3,/AN; pin function switch
0 | R34 1/O pin
1 | ANy input pin

— R3,/AN, pin function switch
0 | R3, /O pin
1| AN, input pin

— R33/AN;3 pin function switch
0 | R331/0O pin
1 | ANz input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3; 1/O pin or asthe A/D converter channel 3 input pin ANs,.

AMR13 Description
0 The R3,/AN, pin functions as the R3; I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel 2 input pin AN,.

AMR12 Description
0 The R3,/AN, pin functions as the R3, I/0O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1input pin AN;.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN;, pin functions as the AN, input pin.

Bit 0—R3y/AN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, I/O pin or asthe A/D converter channel 0 input pin ANL,.

AMR10 Description

0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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(6) A/D Mode Register 2 (AMR2: $1A): AMR2 isa 2-bit write-only register whose AMR21 bit
switches the functions of all four bits of the R4 port (R4, to R4,) to be A/D converter input
channels (AN, to AN,). This section describes the AMR21 bit. See section 15.2.2, “A/D Mode

Register 2 (AMR2)”, for details on the AMD20 bit.

Bit 3 2 1 0
— — AMR21 | AMR20
Initial value — — 0 0
Read/Write — — w w
— A/D conversion time
Unused 0| 34ty
1| 67ty

— R40/AN4 to R43/AN5 pin function switch
0 | R4qto R43 /O pins
1 | ANg4to AN7 input pins

Bit 1—R4,/AN, to R4;/AN, Pin Function Switch (AMR21): Selects whether the R4,/AN, to
R4,/AN, pins function as the R4, to R4, 1/0O pins or asthe A/D converter channel 4 to 7 input pins

(AN, to AN,).

AMR21 Description
0 The R4,/AN, to R4,/AN, pins function as the R4, to R4, 1/O pins. (initial value)
1 The R4,/AN, to R4,/AN, pins function as the AN, to AN, input pins.
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10.3.3

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 10-9.

Table10-9 R Port Pin Functions

Pin Pin Functions and Selection Methods
R0,/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK 1/0 pin
RO./SI The pin function is switched by the PMRA PMRAL bit and the DCRO DCRO1 bit as
shown below.
PMRA1 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Slinput pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRA2 bit and the DCRO DCRO03 bit as
shown below.
PMRA2 1
DCRO03 0 1 —
Pin function RO, input pin RO, output pin TOC output pin
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Table10-9 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R1, The pin function is switched by the DCR1 DCR10 bit as shown below.
DCR10 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR11 bit as shown below.
DCR11 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR12 bit as shown below.
DCR12 0 1
Pin function R1, input pin R1, output pin
R1, The pin function is switched by the DCR1 DCR13 bit as shown below.
DCR13 0 1
Pin function R1, input pin R1, output pin
R2, The pin function is switched by the DCR2 DCR20 bit as shown below.
DCR20 0 1
Pin function R2, input pin R2, output pin*
R2, The pin function is switched by the DCR2 DCR21 bit as shown below.
DCR21 0 1
Pin function R2, input pin R2, output pin*
R2, The pin function is switched by the DCR2 DCR22 bit as shown below.
DCR22 0 1
Pin function R2, input pin R2, output pin*

Note: * R2, to R2, are medium voltage NMOS open drain 1/O pins of HD404358 Series. These pins

go to the high impedance state when their PDR is set to 1.

HITACHI
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Table 10-9

R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R2, The pin function is switched by the DCR2 DCR23 bit as shown below.
DCR23 0 1
Pin function R2, input pin R2, output pin*
R3,/AN, The pin function is switched by the AMR1 AMR10 bit and the DCR3 DCR30 bit as
shown below.
AMR10 0 1
DCR30 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN; The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as

shown below.

AMR13 0 1
DCR33 0 1 —
Pin function R3, input pin R3, output pin AN, input pin

Note: * R2, to R2, are medium voltage NMOS open drain 1/O pins of HD404358 Series. These pins
go to the high impedance state when their PDR is set to 1.
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Table10-9 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA40 bit as
shown below.
AMR21 0 1
DCR40 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA41 bit as
shown below.
AMR21 0 1
DCR41 0 1 —
Pin function R4, input pin R4, output pin AN input pin
R4,/AN The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA42 bit as
shown below.
AMR21 0 1
DCR42 0 1 —
Pin function R4, input pin R4, output pin AN input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR43 bit as

shown below.

AMR21 0 1
DCR43 0 1 —
Pin function R4, input pin R4, output pin AN, input pin

HITACHI
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Table10-9 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R8, The pin function is switched by the DCR8 DCR80 bit as shown below.
DCR80 0 1
Pin function R8, input pin R8, output pin
R8, The pin function is switched by the DCR8 DCR81 bit as shown below.
DCR81 0 1
Pin function R8, input pin R8, output pin
R8, The pin function is switched by the DCR8 DCR82 bit as shown below.
DCR82 0 1
Pin function R8, input pin R8, output pin
R8, The pin function is switched by the DCR8 DCR83 bit as shown below.
DCR83 0 1
Pin function R8, input pin R8; output pin
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10.4  Usage Notes

Keep the following points in mind when using the 1/O ports.

When the MIS MIS2 bit is set to 1, the R0O,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or as the SO pin by the PMRA
PMRADO hit.

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0
pins can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V - with external resistors of about 100 kQ.

Application programs should maintain the PDR, DCD and DCR contents for unused pins at
their reset state values. Also note that unused pins must not be selected for use as peripheral
function I/O pins.

When the MISMIS3 bit is set to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the MOS transistor for the corresponding
pin will not be turned off by selecting the analog input function with the AMR1 or AMR2
register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 10-3 shows the circuit for the R port/analog input shared function pins. AMR1 and
AMR2 are used to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 10-10, by
the combination of the AMR1 or AMR2 register, the MIS3 bit, the DCR, and the PDR settings.
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o<} HLT
MIS3
Vee AMR (A/D mode
register setting value)
O =z
: i PDR
= Input data
’7 ):
Input control signal
I 1t
L .
m A/D input
T ACR (A/D channel

register setting value)
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Table 10-10 Program Control of the R Port/Analog I nput Shared Function Pins

Corresponding bit in AMR1 0 (R port selected)
or AMR2
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 o | 1 0 1
CMOS buffer PMOS — — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
or AMR2
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On
Note: —: off

In the HD404358 Series evaluation chip set, the circuits for the medium voltage NMOS open
drain pins (the R2 port pins) differ from the ZTAT™ and the mask ROM microcomputer
versions as shown in figure 10-4. Although the outputs in both the ZTAT™ and mask ROM
versions can be set to high impedance by the combinations listed in table 10-11, these outputs
cannot be set to high impedance in the evaluation chip set. Please keep thisin mind when using
the evaluation chip set.

Figure 10-4 shows the circuit for the medium voltage NMOS open drain pins.
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% MIS3
Vee

}—GC I (l DCR

’_D > Input data

Input control signal

(a) Evaluation Chip Pin Circuit Structure

Drp e =7

10 Input data

Input control signal

(b) ZTAT™ and Mask ROM Pin Circuit Structure

Figure 10-4 Medium Voltage NM OS Open Drain Pin Circuits

Table 10-11 ZTAT™ and Mask ROM Microcomputer Medium Voltage Pin High

Impedance Control
DCR PDR Description
0 * High impedance output (initial value)
1 0 NMOS buffer on. Low level output

High impedance output

Note: * Don’t care
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Section 11 1/0O Ports
(HD404339 Series)

11.1 Oveview

11.1.1 Features

The HD404339 Series 1/0 ports have the following features.

The 14 pins D, to D,; aswell asthe R1, R2, R8, and R9 ports are high voltage I/O pins. Also,
RA; isahigh voltage input pin.

RO, R3, and R4 are standard voltage I/O pinsthat, in output mode, are CMOS three state
outputs.

Certain 1/0O pins (D, to D,, and the pins in the RO and R3 to R5 ports) are shared with the built-
in peripheral modules, such as timers and the serial interface. Setting these pins for use with
the built-in peripheral modules takes priority over their setting for use as D or R port pins.

Register settings are used to select input or output for I/O pins and to select the I/O port or
peripheral module usage for shared function pins.

Of the built-in peripheral module pins, the D,/BUZZ pinisaPMOS open drain output. All
other output pins are CMOS three state outputs. However, the R0,/SO pin can be selected to be
an NMOS open drain output by setting aregister.

Since the system is reset in stop mode, the built-in peripheral module selections are cleared and
the 1/0 pins go to the high impedance state.

The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 11-1 provides an overview of the HD404339 Series port functions.
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Table11-1 Port Functions

HITACHI

Function
Switching
Port Overview Pin Shared Function Register
D,to D,; ¢ High voltage I/O port D/INT, External interrupt input0 PMRB
* Accessed in bit units D,/INT, External interrupt input 1
* Accessed with the SED, D,/EVNB Timer B event input
SE0D D MEED DM gz Mot Pus
«  Pull-down resistors available D/STOPC Stop mode clear PMRB
as a mask option. Ds o Dy - -
RO . Standard voltage I/O ports R0,/SCK Transfer clock 1/O SMR
«  Accessed in 4-bit units. RO,/SI Serial reception data input PMRA
« Accessed with the LAR, LBR, R0,/SO Serial transmission data
LRA, and LRB instructions. output
+  Programmable pull-up MOS RO/TOC Timer C output
R3 transistors R3,/AN, Analog input channel 0 AMR1
R3,/AN; Analog input channel 1
R3,/AN, Analog input channel 2
R3,/AN, Analog input channel 3
R4 R4,/AN, Analog input channel 4 AMR2
R4,/AN, Analog input channel 5
R4,/ANg Analog input channel 6
R4,/AN, Analog input channel 7
R5 R5,/AN, Analog input channel 8 AMR2
R5,/AN, Analog input channel 9
R5,/AN,, Analog input channel 10
R5./AN,, Analog input channel 11
R6, R7 R6, to R6, — —
R7,to R7,
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Table11-1 Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register
R1,R2, « High voltage I/O ports R1,to R1, — —
R8, R9 R2,to R2,

Accessed in 4-bit units.
R8, to R§,

* Accessed with the LAR, LBR, R9, to R9,
LRA, and LRB instructions.
e Pull-down resistors available
as a mask option.
RA « High voltage input port (1 bit) RA/V, High voltage Mask
* Accessed with the LAR and pin output power supply  option

LBR instructions.

11.1.2 /O Control

The D, R1, R2, R8, and R9 ports are high voltage 1/0 ports, RA ; is a 1-bit high voltage input port,
and RO and R3 to R7 are standard voltage I/O ports. The different port types have different circuit
structures as follows.

(1) High Voltage /O Pin Circuit: The D, R1, R2, R8, and R9 port pins are high voltage 1/0 pins
that have no 1/0 switching function. When a port data register is set to 1, the PMOS transistor
turns on and a high level voltage is output from the pin. When the PDR is set to 0, the pin goesto
the open state. If the built-in pull-down resistor mask option was selected, the V4, Voltage is
output. When external signals are applied, applications must set the PDR value to 0 so that the
external (input) and internal (output) signals do not collide at the pin.

Note that there are no pull-down resistors on the high voltage I/O pinsin the ZTAT™ versions of
these microcomputers.

(2) Standard Voltage CMOS Three State I/O Pin Circuit: The pinsin the RO and R3 to R7
ports are standard voltage CMOS three state 1/0 ports. |/O through these portsis controlled by the
PDRs and the data control registers (DCR). When the DCR hit corresponding to agiven pinis 1,
that pin functions as an output pin and outputs the value in the PDR. When a given DCR hit is 0,
the corresponding pin functions as an input pin.
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(3) Pull-Up MOS Contral: Each I/O pinin the RO and R3 to R7 ports has a built-in
programmable pull-up MOS transistor. When the miscellaneous register (MI1S) MIS3 bitissetto 1
the pull-up MOS transistor for pins for which the corresponding PDR is set to 1 will be turned on.
Thus the on/off state of each pin can be controlled independently by the PDRs. Note that the pull-
up MOS transistor on/off settings are independent of the pin settings for use as built-in periphera

module pins.

Table 11-2 shows how register settings control the port I/O pins.

Table11-2 Register Settingsfor 1/0 Pin Control

MIS3 0 1

DCR 0 1 0 1

PDR 0 1 0 1 o | 1 0 1

CMOS buffer PMOS — — On — — On
NMOS On — On —

Pull-up MOS transistor — — ‘ On — On

Notes: 1. —: Off
2. The PDR registers are not allocated addresses in RAM. The PDR registers are

accessed by special-purpose /O instructions.
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(4) Miscellaneous Register (MIS: $00C): MISisa4-bit write-only register that controls the
on/off states of the RO and R3 to R7 port pin pull-up MOS transistors, the on/off state of the
R0,/SO pin output buffer PM OS transistor, the interrupt frame period in watch and subactive
modes, and the oscillator stabilization period when alow power modeis cleared.

MISisinitialized to $0 on reset and in stop mode.

This section describes the M1S2 and M1S3 hits. Refer to section 6.2.1, “Miscellaneous Register
(M19)”, for details on the M1S0 and MIS1 hits.

Bit 3 2 1 0
MIS3 MIS2 MIS1 MISO

Initial value 0 0 0 0

Read/Write w w w w

Interrupt frame period and oscillator
stabilization time settings

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control
0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0O port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0,/SO pin
output buffer PMOS transistor.

MIS2 Description
0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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11.1.3 1/O Pin Circuit Structures
Table 11-3 shows the port and peripheral module pin circuits.

Notes. 1. Sincethe system isreset in stop mode, the built-in peripheral module selections are
cleared. Since the internal HLT signal goes to the low (active) level, the 1/0 pins go to
the high impedance state. Also, al the pull-up MOS transistors are turned off.

2. Inal low power modes other than stop mode, the internal HLT signal goes to the high
level.

Table11-3 Input and Output Pin Cir cuits

Applicable
Class Circuit Pins

Standard voltage I/0 pins o AcT RO,, RO,
pins RO,
Vee Pull-up control signal MIS3 R3, to R3,,

Vee Buffer control R4, to R4,,
signal R5, to R5,,

|—o<:|: DCR RS, to R6,,
R7, 0 R7,
}—o@ Output data
PDR

Jo Input data

Input control signal

o] HLT RO,
Vee Pull-up control signal MIS3
Vee Buffer control
signal

—(
MIS2

|—<@ Output data
PDR

o Input data

Input control signal
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Table 11-3 Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard Standard /O pins o< At SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
pins % Vee
}—C@ Output data
SCK
Input data
[>o P scK
Output o< Aacr SO
pins
Vee Pull-up control signal MIS3
Vee
(5
! , PMOS control
signal
MIS2
}—O@ Outputdata
<] A T10C
Vee Pull-up control signal MIS3
Vee
}—O@ Output data ToC
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Table 11-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard  Built-in Input Sl
voltage peripheral pins o
pins module v ay HLT
pins cc MIS3
% PDR
@ {>o Input data sl
AN, to AN,
o< HLT
Vee MIS3
% ] PDR
@ ¢ A/D input
Input control
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Table 11-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins

High voltage pins 1/O pins D, to Dy,
Pins with pull-down resistors R1,to R1,,
R2, to R2,,

Vee RS, to RS,

e U I e
Output data

Pull-down resistor

lesp

. 4[)0—» Input data
Input control signal

Pins without pull-down resistors*

. Output data

) 4DO—> Input data
Input control signal

Input RA,

pins )
Input control signal
@ 4[)0—» Input data

Note: * The ZTAT™ versions of these microcomputers only support pins without pull-down
resistors.
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Table 11-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
High Built-in Output BUZZ
voltage peripheral pins Pins with pull-down resistors
pins module
. VCC
pins
Output data
Pull-down resistor
Vdisp
Pins without pull-down resistors*
Vee
Output data
Input  Pins with pull-down resistors INT,, INT,,
pins o EVNB,
o< HLT STOPC
Vee MIS3
PDR

‘ {>° Input data INTg, INT,,
: EVNB, STOPC

Pull-down resistor

Vdisp

Pins without pull-down resistors*

<] HLT
Vee MIS3
PDR

iNT,, INT,,
@ Do EVNB, STOPC

Note: * The ZTAT™ versions of these microcomputers only support pins without pull-down
resistors.
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11.1.4 Port Statesin Low Power Modes

The D, to D, pins and the RO and R3 to R5 port pins have shared functions as input or output pins
for built-in peripheral modules. Since the CPU stopsin standby and watch modes, the pins
selected as output ports maintain their immediately prior output values. Also, pins selected for use
by built-in peripheral modules that operate in standby or watch mode continue to operate. (Output
pins used by modules that stop in these modes maintain their immediately prior output values.)
See section 6, “Low Power Modes’, for details on which built-in peripheral modules can operate
in each mode.

Table 11-4 lists the port states in the low power modes.
Table11-4 Port Statesin Low Power M odes

Low Power Mode Port States

Standby mode, watch  Pins maintain their values immediately prior to entering standby or watch
mode mode.

Stop mode Built-in peripheral function selections are cleared, and the port and
peripheral function 1/O pins go to the high impedance state.

11.1.5 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation. The following are examples of techniques
that can prevent noise problems.

High voltage pin: Select “no pull-down MOS transistor (PMOS open drain)” as the mask
option and connect the pin to V. on the user system printed circuit board.

Standard voltage pin:  Either use the built-in pull-up MOS transistor to pull the pin up to V¢, or
pull up the pinto V. externally with a pull-up resistor of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their reset
state values. Also note that unused pins must not be selected for use as peripheral function 1/0
pins.
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11.2 D Port

11.21 Overview
The D port is a 14-pin high voltage 1/0 port (D, to D,3) that can be accessed in 1-bit units.

The output levels on the pins D, to D,; can be set to low or high by accessing the port in one-hit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins D, to D,; can be tested in one-bit units with the
TD and TDD input instructions.

The pins D, to D, have shared functions as built-in peripheral module pins. PMRA and PMRB are
used to switch these functions.

Figure 11-1 shows the structure of the D port.

High voltage pins

l«—» Dg/INT (/0 or input)
<—> D4/INT; (/O or input)
«—» D,/EVNB (1/O or input)
«— D3/BUZZ (I/O or output)
e D,/STOPC (I/0 or input)
<« Dg (l/0)

D port =~ De(lO)
<= Dy (I/0)
<= Dg(l/0)
<= Dy (1/0)
<= Dy (I/O)
~— > D13 (/0)
<~ D12 (I/0)

e~ D13 (I/O)

Figure11-1 D Port Structure
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11.2.2 Register Configuration and Descriptions
Table 11-5 shows the configuration of the D port registers.

Table11-5 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 0

$004 Port mode register A PMRA w $0

$024 Port mode register B PMRB w $0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the I/O pins D, to D,; includes a built-in PDR. When a
SED or SEDD instruction is executed for one of the pins D, to D, the corresponding PDR is set to
1, and when a RED or REDD instruction is executed, the corresponding PDR is cleared to O.

The PDRs are cleared to 0 on reset and in stop mode.
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(2) Port Mode Register A (PMRA: $004): PMRA is a4-bit write-only register whose PMRA3
bit switches the function of the D,/BUZZ pin. This section describes the function of the PMRA3
bit. See section 11.3.2 (3), “Port Mode Register A (PMRA)”, for details on the PMRA2 to
PMRAQO hits.

Bit 3 2 1 0
PMRAS | PMRA2 | PMRAL1 | PMRAO

Initial value 0 0 0 0

Read/Write W W w w

'—RO0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin

— R0,/SI pin function switch
0 | RO4 I/O pin
1 | Slinput pin

— RO03/TOC pin function switch
0 | RO3 /O pin
1| TOC output pin

— D3/BUZZ pin function switch
0 | D3 l/O pin
1 | BUZZ output pin

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D, 1/0 pin or as the alarm output pin (BUZZ).

PMRA3 Description

0 D,/BUZZ pin functions as the D, I/O pin. (initial value)
1 D,/BUZZ pin functions as the BUZZ output pin.
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(3) Port Mode Register B (PMRB: $024): PMRB is a4-bit write-only register that switchesthe
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write W W W W

— Dg/INT{ pin function switch
0 | Dg I/O pin
1| INTq input pin

— D4/INT pin function switch
0 | Dy I/O pin
1 | INTq input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinisused as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pinisused as
the D, I/O pin or as the timer B event count input pin (EVNB).

PMRB2 Description
0 The D,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.
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Bit 1—D,/INT, Pin Function Switch (PMRB1): Selects whether the D,/INT, pin is used as the
D, I/O pin or asthe external interrupt 1 input pin (INT,).

PMRB1 Description
0 The D,/INT, pin functions as the D, 1/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.

Bit 0—D//INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, /O pin or asthe external interrupt 0 input pin (INT).

PMRBO Description

0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.
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11.2.3  Pin Functions

The pin functions of the pins D, to D, are switched by register settings as shown in table 11-6.

Table11-6 D,to D, Port Pin Functions

Pin Pin Functions and Selection Methods
D,/INT, The pin function is switched as shown below by the PMRB PMRBO bit.
PMRBO 0 1
Pin function DO 1/O pin INTO input pin
D,/INT, The pin function is switched as shown below by the PMRB PMRB1 bit.
PMRB1 0 1
Pin function D, I/0 pin INT, input pin
D,/JEVNB The pin function is switched as shown below by the PMRB PMRB2 bit.
PMRB2 0 1
Pin function D, I/O pin EVNB input pin
D,/BUZZ The pin function is switched as shown below by the PMRA PMRAS3 bit.
PMRA3 0 1
Pin function D, I/O pin BUZZ output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit.

PMRB3

0

1

Pin function

D, I/O pin

STOPC input pin
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11.3 R Ports

11.3.1 Overview

The R port consists of the nine 4-hit I/O ports RO to R6, R8, and R9, the 3-bit 1/0 port R7, and the
1-bit input port RA ;. These ports are accessed in 4-bit units.

RO and R3 to R7 are standard voltage /O ports. RA is ahigh voltage input port and R1, R2, R8
and R9 are high voltage /O ports that can directly drive fluorescent display tubes.

Theindividual R ports are accessed in 4-bit units with the LRA and LRB output instructions to
control the output levels (high or low) on each pin. Output datais stored in the PDR built into each
pin. Similarly, the LAR and LBR input instructions can be used to access the R ports in 4-bit units
to read the input levels on the port pins.

The RA; input-only port consists of asingle bit. The values of bits 3, 2, and 0 are undefined when
this port is accessed by the input instructions.

DCR registers are used to control on/off states of the RO and R3 to R7 output buffers. When the
DCR hit corresponding to apin in an RO or R3to R7 port is set to 1, the contents of the PDR
corresponding to that pin is output from the pin. Thus the output buffer on/off states can be
controlled on an individual pin basis for the R port pins. The DCR registers are allocated in the
RAM address space.

The RO and R3 to R5 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (Seetable 11-7.)

Figure 11-2 shows the R port pin structure.
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High voltage pins

l«—» RO,/SCK (I/O or 1/0) e = R1,(I0)
l«——» RO4/SI (I/O or input) .= R1,(/0) |
RO port R1 port ‘ |
«—= RO0,/SO (I/O or output) l«— R1,(l/O)
l«— RO4/TOC (I/O or output) la——i= R13(l/O) 3

e = R3y/AN, (/O or input) e = R2,(I0)
l«——= R3;/AN; (I/O or input) .= R2 (/0) |
R3 port ) R2 port ‘ |
l«——» R3,/AN, (I/O or input) le— R2,(l/0)
l«——» R34/AN; (I/O or input) la——i= R23(l/O) 3

l«—— R4/AN4 (/O or input) l«—— R8( (I/0) |
l«——» R43/ANs (I/O or input) ~—= R8;(/0)
R4 port . R8 port ! i
«— R4,/ANg (I/O or input) [«—= R8, (1/10) |
le— = RA43/AN; (/O or input) ~—= R83(I0) |

e = R5,/ANg (I/O or input) e = ROy (IO)
l«—= R5;/ANg (I/O or input) = R9y (10) |
R5 port ) R9 port ! |
l— R5,/AN1q (I/O or input) [— R9, (I/0)
l«—— = R54/AN;; (/O or input) <= R93(/0) !

e > R6 (I/O)

l«— R6, (I/0) TTTT Tt
R6 port RA port (+—— RA/Vgisp* (input/-) |
p RS, (I/0) p ‘ 1/Vgisp* (inp )‘

[——> R63(1/O)

e R7, (I/O)

[— R7,(I/O)
R7 port
[«— R7,(1/O)

Note: * In products with on-chip mask resistors, the use of this pin as the Vy;sp pin (display power supply
pin) can be selected as a mask option.
High voltage pins for which a pull-down MOS transistor is selected are pulled down to the Vs
potential.

Figure11-2 R Port Structure
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11.3.2 Register Configuration and Descriptions
Table 11-7 shows the configuration of the R port related registers,

Table11-7 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers Standard voltage pins PDR W* 1
High voltage pins 0
$030 Data control registers DCRO w $0
$033 DCR3 W $0
$034 DCR4 w $0
$035 DCR5 w $0
$036 DCR6 W $0
$037 DCR7 w -000
$004 Port mode register A PMRA w $0
$005 Serial mode register SMR w $0
$019 A/D mode register 1 AMR1 w $0
$01A A/D mode register 2 AMR?2 W -000

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers. All thel/O pinsin ports RO to R9 include a PDR that holds the output
data. When an LRA or an LRB instruction is executed for one of ports RO to R9, the contents of
the accumulator (A) or the B register (B) are transferred to the specified R port PDRs. When bits
in DCRO and DCR3 to DCRY are set to 1, the output buffers for the corresponding pinsin ports
RO and R3 to R7 will be turned on and the values in the PDRs will be output from those pins.

The PDR registers for standard voltage pins are set to 1 on reset and in stop mode, and the PDRs
for high voltage pins are cleared to 0.
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DCRO: $030

DCR3: $033

DCR4: $034

DCR5: $035

DCR6: $036

DCRY7: $037

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

HITACHI

(2) Data Control Registers (DCRO, DCR3to DCR7: $030, $033 to $037)

3 2 1 0
DCRO3 | DCR0O2 | DCRO1 | DCR0OO
0 0 0 0
W W W W
3 2 1 0
DCR33 | DCR32 | DCR31 | DCR30
0 0 0 0
w W W w
3 2 1 0
DCR43 | DCR42 | DCR41 | DCR40
0 0 0 0
Wi W W W
3 2 1 0
DCR53 | DCR52 | DCR51 | DCR50
0 0 0 0
\W W W W
3 2 1 0
DCR63 | DCR62 | DCR61 | DCR60
0 0 0 0
W W W W
3 2 1 0
— DCR72 | DCR71 | DCR70

— 0 0 0
— W \W w
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Bits in DCRO and

DCR3 to DCR7 Description

0 The output buffer (CMOS buffer) is turned off and the output goes to the
high impedance state. (initial value)

1 The output buffer is turned on and the corresponding PDR value is output.

The table below lists the correspondence between the bitsin DCR0O and DCR3 to DCR7 and the
port RO and R3 to R7 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, RO, RO,
DCR3 R3, R3, R3, R3,
DCR4 R4, R4, R4, R4,
DCR5 R5, R5, R5, R5,
DCR6 R6, R6, R6, R6,
DCR7 — R7, R7, R7,
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(3) Port Mode Register A (PMRA: $004): PMRA is a4-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

This section describes the bits PMRA2 to PMRAO. See section 11.2.2 (2), “Port Mode Register A
(PMRA)”, for details on the PMRA3 hit.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRA1 | PMRAO
Initial value 0 0 0 0
Read/Write w w w w
— R0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin
— RO4/SI pin function switch
0 | RO4 I/O pin
1| Slinput pin

'—RO03/TOC pin function switch

0

RO3 I/O pin

1

TOC output pin

— D3/BUZZ pin function switch

0

D3 I/O pin

1

BUZZ output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or asthe timer C output pin (TOC).

PMRA2 Description
0 The RO,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The RO,/TOC pin functions as the TOC output pin.
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Bit 1—R0,/SI Pin Function Switch (PMRA1): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description
0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO0,/SI pin functions as the Sl input pin.

Bit 0—RO0,/SO Pin Function Switch (PM RAOQ): Selects whether the R0O,/SO pin functions as the
RO, 1/0 pin or as the serial transmission data output pin (SO).

PMRAO Description

0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.
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(4) Serial Mode Register (SMR: $005): SMR isa4-bit write-only register whose SMR3 bit
switches the RO/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write W W W W

Transfer clock selection

— R0q/SCK pin function switch
0 | ROg I/O pin
1 | SCKI/O pin

Bit 3—R0/SCK Pin Function Switch (SMR3): Selects whether the RO/SCK pin functions as
the RO, I/O pin or asthe seria interface transfer clock 1/0 pin (SCK).

SMR3 Description
0 The RO,/SCK pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK 1/O pin.
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(5) A/D Mode Register 1 (AMR1: $019): AMR1 isa4-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 | AMR10

Initial value 0 0 0 0

Read/Write W W w w

— R3p/ANg pin function switch
0 | R3y I/O pin
1 | ANg input pin

— R37/AN; pin function switch
0 | R34 I/O pin
1 | ANq input pin

— R3,/AN, pin function switch
0 | R3,1/0 pin
1| AN5 input pin

— R33/ANj; pin function switch
0 | R331/0 pin
1 | ANz input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3, 1/O pin or asthe A/D converter channel 3 input pin AN,.

AMR13 Description
0 The R3,/AN, pin functions as the R3; I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN,, pin functions as
the R3, 1/O pin or asthe A/D converter channel 2 input pin AN,.

AMR12 Description

0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1 input pin AN;,.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN;, pin functions as the AN, input pin.

Bit 0—R3/AN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel O input pin AN,.

AMR10 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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(6) A/D Mode Register 2 (AMR2: $01A): AMR2 isa 3-bit write-only register whose AMR21
bit switches the functions of all four bits of the R4 port (R4, to R4,) to be A/D converter input
channels (AN, to AN,), and whose AMR22 hit switches the R5 port to be the ANg to AN, input
channels. This section describes the AMR21 and AMR22 hits. See section 15.2.2, “A/D Mode
Register 2 (AMR2)”, for details on the AMR20 hit.

Bit 3 2 1 0

— AMR22 | AMR21 | AMR20
Initial value — 0 0 0
Read/Write — w w w

L— A/D conversion time
Unused 0] 34ty
1| 67 teye

— R4y/AN,4 to R43/AN5 pin function switch
0 | R4y to R431/0 pins
1 | AN4 to ANy input pins

— R50/ANg to R53/AN4; pin function switch
0 | R5q to R53 I/O pins
1| ANgto ANy4 input pins

Bit 2—R5,/ANg to R5,/AN,; Pin Function Switch (AMR22): Selects whether the R5,/AN, to
R5,/AN,, pinsfunction as the R5, to R5; I/O pins or asthe A/D converter channel 8 to 11 input
pins (ANg to AN,,).

AMR22 Description
0 The R5,/AN, to R5,/AN,, pins function as the R5, to R5, /O pins. (initial value)
1 The R5,/AN, to R5,/AN,, pins function as the AN, to AN,, input pins.

Bit 1—R4,/AN, to R4;/AN; Pin Function Switch (AMR21): Selects whether the R4,/AN, to
R4./AN, pins function as the R4, to R4, 1/O pins or asthe A/D converter channel 4 to 7 input pins
(AN, to AN,).

AMR21 Description

0 The R4,/AN, to R4,/AN, pins function as the R4, to R4, I/O pins. (initial value)
1 The R4,/AN, to R4./AN, pins function as the AN, to AN, input pins.
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11.3.3

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 11-8.

Table11-8 R Port Pin Functions

Pin Pin Functions and Selection Methods
R0,/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK /O pin
RO,/SI The pin function is switched by the PMRA PMRAL bit and the DCR0O DCRO01 bit as
shown below.
PMRAL 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRAZ2 bit and the DCRO DCRO03 bit as

shown below.

PMRA2 1
DCRO3 0 1 —
Pin function RO, input pin RO, output pin TOC output pin
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Table11-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R3,/AN, The pin function is switched by the AMR1 AMR10 bit and the DCR3 DCR30 bit as
shown below.
AMR10 0 1
DCR30 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as
shown below.
AMR13 0 1
DCR33 0 1 —
Pin function R3; input pin R3; output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR4O0 bit as
shown below.
AMR21 0 1
DCR40 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
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Table11-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA41 bit as
shown below.
AMR21 0 1
DCRA41 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA42 bit as
shown below.
AMR21 0 1
DCR42 0 1 —
Pin function R4, input pin R4, output pin ANy input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR43 bit as
shown below.
AMR21 0 1
DCR43 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R5,/AN, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR50 bit as
shown below.
AMR22 0 1
DCR50 0 1 —
Pin function R5, input pin R5, output pin AN, input pin
R5,/AN, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR51 bit as

shown below.

AMR22 0 1
DCR51 0 1 —
Pin function R5, input pin R5, output pin AN, input pin
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Table11-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R5,/AN,, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR52 bit as
shown below.
AMR22 0 1
DCR52 0 1 —
Pin function R5, input pin R5, output pin AN,, input pin
R5,/AN,, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR53 bit as
shown below.
AMR22 0 1
DCR53 0 1 —
Pin function R5, input pin R5, output pin AN,, input pin
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11.4  Usage Notes

Keep the following points in mind when using the 1/O ports.

When the MIS MIS2 bit is set to 1, the R0O,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or as the SO pin by the PMRA
PMRADO hit.

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0
pins can cause noise that can interfere with LS| operation. The following are examples of
techniques that can prevent noise problems.

High voltage pin: Select “no pull-down MOS transistor (PMOS open drain)” as the mask
option and connect the pin to V. on the user system printed circuit
board.

Standard voltage pin:  Either use the built-in pull-up MOS transistor to pull the pin up to V.,
or pull up the pinto V. externally with a pull-up resistor of about
100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their
reset state values. Also note that unused pins must not be selected for use as peripheral
function I/O pins.

When the MIS MIS3 bit isset to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the MOS transistor for the corresponding
pin will not be turned off by selecting the anal og input function with the AMR1 or AMR2
register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 11-3 shows the circuit for the R port/analog input shared function pins. AMR1 and
AMR?2 are used to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 11-9, by
the combination of the AMR1 (or AMR2) register, the MIS3 bit, the DCR, and the PDR
settings.
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o<} HLT
Vee MIS3
Vee AMR (A/D mode
register setting value)
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= Input data
’7 ):
Input control signal
I 1t
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m A/D input
T ACR (A/D channel

register setting value)
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Table 11-9 Program Control of the R Port/Analog I nput Shared Function Pins

Corresponding bit in AMR1 0 (R port selected)
or AMR2
MIS3 bit 0
DCR 0 1 0
PDR 1 0 1 o | 1 0 1
CMOS buffer PMOS — — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
or AMR2
MIS3 bit 0
DCR 0 1 0
PDR 1 0 1 o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
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Section 12 1/0O Ports
(HD404369 Series)

121  Overview

1211 Features
The HD404369 Series 1/0 ports have the following features.

e Theeight pins R1, to R1; and R2, to R2, are medium voltage NMOS open drain 1/O pins. RA;
isan input-only pin. The D, RO, R1, and R3 to R9 port pins are standard voltage I/O pins that,
in output mode, are CMOS three state outputs.

e Certain I/O pins (D, to D,, and the pinsin the RO and R3 to R5 ports) are shared with the built-
in peripheral modules, such as timers and the serial interface. Setting these pins for use with
the built-in peripheral modules takes priority over their setting for use as D or R port pins.

* Register settings are used to select input or output for 1/0 pins and to select the 1/0 port or
peripheral module usage for shared function pins.

¢ All peripheral module output pins are CMOS outputs. However, the R0,/SO pin can be
selected to be an NMOS open drain output by setting a register.

¢ Sincethe systemisreset in stop mode, the built-in peripheral module selections are cleared and
the 1/0 pins go to the high impedance state.

¢ The CMOS output pins have built-in programmable pull-up MOS transistors. The on/off state
of these transistors can be controlled by register settings on an individual basis. Note that the
pull-up MOS transistor on/off settings are independent of the pin settings for use as built-in
peripheral module pins.

Table 12-1 provides an overview of the HD404369 Series port functions.
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Table12-1 Port Functions

HITACHI

Function
Switching
Port Overview Pin Shared Function Register
D,to D,, ¢ Standard voltage I/O port D/INT, External interrupt input0 PMRB
* Accessed in bit units D,/INT, External interrupt input 1
* Accessed with the SED, D,/EVNB Timer B event input
SEDD, RED, REDD, TD, D,/BUZZ Alarm output PMRA
and TDD instructions.
- Programmable pull-up MOS D,/STOPC Stop mode clear PMRB
transistors Dsto Dy - -
RO e Standard voltage I/O port R0,/SCK Transfer clock /O SMR
* Accessed in 4-bit units. RO,/SI Serial reception data PMRA
«  Accessed with the LAR, input
LBR, LRA, and LRB R0,/SO Serial transmission data
instructions. output
» Programmable pull-up MOS RO,/TOC Timer C output
R3 transistors R3,/AN, Analog input channel 0 AMR1
R3,/AN, Analog input channel 1
R3,/AN, Analog input channel 2
R3,/AN, Analog input channel 3
R4 R4,/AN, Analog input channel 4 AMR2
R4 /AN Analog input channel 5
R4 ,/AN Analog input channel 6
R4./AN, Analog input channel 7
R5 R5,/AN, Analog input channel 8 AMR2
R5,/AN, Analog input channel 9
R5,/AN,, Analog input channel 10
R5./AN,, Analog input channel 11
R6 to R9 R6, to R6, — —
R7,to R7,
R8, to R8,
R9, to RO,
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Table12-1 Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register

R1,R2 .« Medium voltage NMOS open R1,to R1, — —
drain 1/O port R2, to R2,
* Accessed in 4-bit units.
* Accessed with the LAR, LBR,
LRA, and LRB instructions.

RA « Standard voltage input port RA; — —
(1 bit)
« Accessed with the LAR and
LBR instructions.
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12.1.2 /O Control

R1 and R2 are medium voltage NMOS open drain /O ports and the D, RO, and R3 to R9 ports are
standard voltage 1/0 ports. The different port types have different circuit structures as follows.

(1) Medium Voltage NMOS Open Drain I/O Pin Circuit: R1 and R2 are medium voltage
NMOS open drain 1/0O ports and 1/0 through these portsis controlled by the port data registers
(PDR) and the data control registers (DCR). When the DCR bit corresponding to agiven pinis1,
that pin functions as an output pin and when the value in the PDR is O, the pin’s NMOS transistor
turns on and the pin outputs alow level voltage. When the value in the PDR is 1 the pin goesto
the high impedance state. When a given DCR hit is 0, the corresponding pin functions as an input

pin.

(2) Standard Voltage CMOS Three State I/O Pin Circuit: The pinsin the D, RO, and R3 to R9
ports are standard voltage CMOS three state 1/0 ports. |/O through these portsis controlled by the
PDRs and the data control registers (DCD or DCR). When the DCD or DCR bit corresponding to
agiven pinis 1, that pin functions as an output pin and outputs the value in the PDR. When a
given DCD or DCR bit is 0, the corresponding pin functions as an input pin.

(3) Pull-Up MOS Control: Each I/O pinin the D, RO and R3 to R9 ports has a built-in
programmable pull-up MOS transistor. When the miscellaneous register (MI1S) MIS3 bitissetto 1
the pull-up MOS transistor for pins for which the corresponding PDR is set to 1 will be turned on.
Thus the on/off state of each pin can be controlled independently by the PDRs. Note that the pull-
up MOS transistor on/off settings are independent of the pin settings for use as built-in periphera
module pins.

Table 12-2 shows how register settings control the port I/O pins.

Table12-2 Register Settingsfor 1/0 Pin Control

MIS3 0 1

DCD, DCR 0 1 0 1

PDR 0 1 0 1 o | 1 0 1

CMOS buffer PMOS — — On — — On
NMOS On — On —

Pull-up MOS transistor — — ‘ On — On

Notes: 1. —: Off
2. The PDR registers are not allocated addresses in RAM. The PDR registers are
accessed by special-purpose /O instructions.
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(4) Miscellaneous Register (MIS: $00C): MISisa4-bit write-only register that controls the
on/off states of the D, RO, and R3 to R9 port pin pull-up MOS transistors and the on/off state of
the RO,/SO pin output buffer PMOS transistor.

MISisinitialized to $0 on reset and in stop mode.

This section describes the M1S2 and M1S3 bits. Refer to section 6.2.1, “Miscellaneous Register
(M19)", for details on the M1S0 and MISL1 hits.

Bit 3 2 1 0
MIS3 MIS2 MIS1 MISO

Initial value 0 0 0 0

Read/Write W W W W

Interrupt frame period and oscillator
stabilization time settings

— R0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS transistor off (NMOS open drain output)

— Pull-up MOS transistor control

0 | All pull-up MOS transistors off

1 | Pull-up MOS transistors active

Bit 3—Pull-Up MOS Transistor Control (M1S3): Controls the on/off states of the pull-up MOS
transistors built into the 1/0O port pins.

MIS3 Description
0 All pull-up MOS transistors will be turned off. (initial value)
1 Pull-up MOS transistors for which the corresponding PDR bit is 1 will be turned on.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the on/off state of the R0O,/SO pin
output buffer PMOS transistor.

MIS2 Description
0 The R0,/SO pin output will be a CMOS output. (initial value)
1 The R0,/SO pin output will be an NMOS open drain output.
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12.1.3 1/O Pin Circuit Structures
Table 12-3 shows the port and peripheral module pin circuits.

Notes. 1. Sincethe system isreset in stop mode, the built-in peripheral module selections are
cleared. Since the internal HLT signal goes to the low (active) level, the 1/0 pins go to
the high impedance state. Also, al the pull-up MOS transistors are turned off.

2. Inal low power modes other than stop mode, the internal HLT signal goes to the high
level.

Table 12-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins

Standard voltage 1/0 pins D, to D3,
pins o RO,, RO,
o] HLT RO,
R3, to R3,,
MIS3 R4, to R4,

Vee Buffer control R5,to R5
signal 0 ¥

}—CG: DCD, RGO to R63,
' DCR R7,to0 R7,,
<P RS, to R8,,

}—C@ Output data PDR R9, to RY,

o Input data

Input control signal

Vee Pull-up control signal

RO,
<] HLT
Vee Pull-up control signa MIS3
Vee Buffer control
signal

I ,
MIS2
}—o@ Output data

PDR

o Input data

Input control signal
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Table 12-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard voltage pins Input RA,

pins
Input data
Input control signal
Medium voltage pins  I/O pins R1,to R1,,
_ R2,t0R2,
HLT
DCR
Output data
PDR
Input data
Input control signal
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Table 12-3 Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard Standard /O pins SCK
voltage peripheral <] HLT
pins module )
pins Vee Pull-up control signal MIS3
% Vee
|—o@ Output data ____
SCK
Input data
Do P scK
Output SO
pins o] HLT
Vee Pull-up control signal MIS3
VCC
| |
! @ PMOS control
signal
MIS2
I—O@ Output data S0
TOC,
<] HLT BUzZ
Vee Pull-up control signal MIS3
Vee
}—O@ Outputdata  TOC,
BUZZ
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Table 12-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard Built-in Input Sl,
voltage  peripheral pins _ INT,, INT,,
pins module < HLT EVNB,
pins Vee Mis3 STOPC
% PDR
Input data m,
@ o P INT,, EVNB,
STOPC
AN, to AN,,
o< HLT
Vee MIS3
% PDR
@ ¢ A/D input
Input control
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12.1.4 Port Statesin Low Power Modes

The D, to D, pins and the RO and R3 to R5 port pins have shared functions as input or output pins
for built-in peripheral modules. Since the CPU stops in standby and watch mode, the pins selected
as output ports maintain their immediately prior output values. Also, pins selected for use by built-
in peripheral modules that operate in standby or watch mode continue to operate. (Output pins
used by modules that stop in standby or watch mode maintain their immediately prior output
values.) See section 6, “Low Power Modes’, for details on which built-in peripheral modules can
operate in each mode.

Table 12-4 lists the port states in the low power modes.
Table12-4 Port Statesin Low Power M odes

Low Power Mode Port States

Standby mode, watch  Pins maintain their values immediately prior to entering standby mode.
mode

Stop mode Built-in peripheral function selections are cleared, and the port and
peripheral function 1/O pins go to the high impedance state.

12.1.5 Handling Unused Pins

I/0 pinsthat are unused in user systems must be tied to a fixed potential, since floating 1/0 pins
can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V. with external resistors of about 100 kQ.

Application programs should maintain the PDR and DCR contents for unused pins at their reset
state values. Also note that unused pins must not be selected for use as peripheral function 1/0
pins.
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12.2 D Port

12.2.1  Overview

The D port is a 14-pin 1/O port (D, to D,;) that can be accessed in 1-bit units.

The output levels on the pins D, to D,; can be set to low or high by accessing the port in one-bit
units with the SED, SEDD, RED, and REDD output instructions. The output datais stored in the
PDR for each pin. The level on each of the pins D, to D5 can be tested in one-bit units with the

TD and TDD input instructions.

The DCD registers are used to turn the D port output buffers on or off. When the DCD bit

corresponding to agiven pin is 1, the data in the corresponding PDR will be output from that pin.

The on/off states of the output buffers can be controlled individually for each D port pin. The

DCD registers are allocated in the RAM address space.

The pins D, to D, have shared functions as built-in peripheral module pins. PMRB is used to

switch these functions.

Figure 12-1 shows the structure of the D port.

D port

<« Dg/INT (I/0 or input)
«—» D;/INT; (/O or input)
-«—» D,/EVNB (/O or input)
~—» D3/BUZZ (I/O or output)
<« D,4/STOPC (I/O or input)
<~ = Dg(I/0)

<= Dg (1/0)

<« D, (1/0)

<= Dg(l/O)

<~ Dy (I/0)

<= Dy (I/O)

<~ D1, (/O)

< D12 (/0)

Bl D13 (I/O)

Figure12-1 D Port Structure
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12.2.2 Register Configuration and Descriptions
Table 12-5 shows the configuration of the D port registers.

Table12-5 D Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1

$02C Data control registers DCDO W $0

$02D DCD1 W $0

$02E DCD2 W $0

$02F DCD3 w --00

$024 Port mode register B PMRB w $0

Note: * The SED, SEDD, RED, and REDD instructions can be used to write to the PDRs.

(1) Port Data Registers (PDR): Each of the I/O pins D, to D,; includes a built-in PDR. When a
SED or SEDD instruction is executed for one of the pins D, to D, 5 the corresponding PDR is set to
1, and when a RED or REDD instruction is executed, the corresponding PDR is cleared to O.
When bitsin DCDO to DCD3 are set to 1, the output buffers for the corresponding pins will be
turned on and the valuesin the PDRs will be output from those pins.

The PDRs are cleared to 1 on reset and in stop mode.
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(2) Data Control Registers (DCDOto DCD3: $02C, $02D, $02E, $02F)

Bits in

DCDO to DCD3

DCDO: $02C

DCD1: $02D

DCD2: $02E

DCD3: $02F

Description

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

3 2 1 0
DCDO03 | DCD02 | DCD01 | DCD00
0 0 0 0
W W W W
3 2 1 0
DCD13 | DCD12 | DCD11 | DCD10
0 0 0 0
w W W w
3 2 1 0
DCD23 | DCD22 | bCD21 | bDCD20
0 0 0 0
w W W w
3 2 1 0
— — DCD31 | DCD30

— — 0 0
— — W W

0 The output buffer (CMOS buffer) is turned off and the output goes to the high
impedance state. (initial value)
1 The output buffer is turned on and the corresponding PDR value is output.

The table below lists the correspondence between the bitsin DCDO to DCD2 and the D port pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCDO D, D, D, D,
DCD1 D, D, D, D,
DCD2 D, Dso D, D,
DCD3 — — D D
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(3) Port Mode Register A (PMRA: $004): PMRA is a4-bit write-only register whose PMRA3
bit switches the function of the D,/BUZZ pin. This section describes the function of the PMRA3
bit. See section 12.3.2 (3), “Port Mode Register A (PMRA)”, for details on the PMRA2 to
PMRAQO hits.

Bit 3 2 1 0
PMRAS | PMRA2 | PMRAL1 | PMRAO

Initial value 0 0 0 0

Read/Write W W w w

'—RO0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin

— R0,/SI pin function switch
0 | RO4 I/O pin
1 | Slinput pin

— RO03/TOC pin function switch
0 | RO3 /O pin
1| TOC output pin

— D3/BUZZ pin function switch
0 | D3 l/O pin
1 | BUZZ output pin

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D, 1/0 pin or as the alarm output pin (BUZZ).

PMRA3 Description

0 D,/BUZZ pin functions as the D, I/O pin. (initial value)
1 D,/BUZZ pin functions as the BUZZ output pin.
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(4) Port Mode Register B (PMRB: $024): PMRB is a4-bit write-only register that switchesthe
D port 1/0O pin shared functions.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write W W W W

— Dg/INT{ pin function switch
0 | Dg I/O pin
1| INTq input pin

— D4/INT pin function switch
0 | Dy I/O pin
1 | INTq input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 3—D,/STOPC Pin Function Switch (PMRB3): Selects whether the D,/STOPC pinisused as
the D, 1/0 pin or as the stop mode clear pin (STOPC).

PMRB3 Description
0 The D,/STOPC pin functions as the D, I/O pin. (initial value)
1 The D,/STOPC pin functions as the STOPC input pin.

Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pinisused as
the D, I/O pin or as the timer B event count input pin (EVNB).

PMRB2 Description
0 The D,/EVNB pin functions as the D, I/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.
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Bit 1—D,/INT, Pin Function Switch (PMRB1): Selects whether the D,/INT, pin is used as the
D, I/O pin or asthe external interrupt 1 input pin (INT,).

PMRB1 Description
0 The D,/INT, pin functions as the D, 1/O pin. (initial value)
1 The D1/INT, pin functions as the INT, input pin.

Bit 0—D//INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, /O pin or asthe external interrupt 0 input pin (INT).

PMRBO Description

0 The D,/INT, pin functions as the D, I/O pin. (initial value)
1 The D,/INT, pin functions as the INT, input pin.
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12.2.3

Pin Functions

The functions of the pins D, to D,; are switched by register settings as shown in table 12-6.

Table12-6 D,toD,; Port Pin Functions

Pin Pin Functions and Selection Methods
D,/INT, The pin function is switched as shown below by the PMRB PMRBO bit and the
DCDO DCDOO bit.
PMRB 0 1
DCDO00 0 1 —
Pin function D, input pin D, output pin INT, input pin
D, /INT, The pin function is switched as shown below by the PMRB PMRBL1 bit and the
DCDO DCDO1 bit.
PMRB1 0 1
DCDO01 0 1 —
Pin function D, input pin D, output pin INT, input pin
D,/EVNB The pin function is switched as shown below by the PMRB PMRB2 bit and the
DCDO DCDO02 bit.
PMRB2 0 1
DCD02 0 1 —
Pin function D, input pin D, output pin EVNB input pin
D,/BUZZ The pin function is switched as shown below by the PMRA PMRA3 bit and the
DCDO DCDO03 bit.
PMRA3 0 1
DCDO03 0 1 —
Pin function D, input pin D, output pin BUZZ output pin
D,/STOPC The pin function is switched as shown below by the PMRB PMRB3 bit and the

DCD1 DCD10 bit.

PMRB3 0 1
DCD10 0 1 —
Pin function D, input pin D, output pin STOPC input pin

HITACHI
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Table12-6 D,to D,; Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
D, The pin function is switched as shown below by the DCD1 DCD11 bit.
DCD11 0 1
Pin function D input pin D, output pin
Ds The pin function is switched as shown below by the DCD1 DCD12 bit.
DCD12 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD1 DCD13 bit.
DCD13 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD2 DCD20 bit.
DCD20 0 1
Pin function D, input pin D, output pin
D, The pin function is switched as shown below by the DCD2 DCD21 bit.
DCD21 0 1
Pin function D, input pin D, output pin
Dy The pin function is switched as shown below by the DCD2 DCD22 bit.
DCD22 0 1
Pin function D,, input pin D,, output pin
D, The pin function is switched as shown below by the DCD2 DCD23 bit.
DCD23 0 1
Pin function D,, input pin D,, output pin
D, The pin function is switched as shown below by the DCD3 DCD30 bit.
DCD30 0 1
Pin function D,, input pin D,, output pin
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Table12-6 D,to D,; Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
D,, The pin function is switched as shown below by the DCD3 DCD31 bit.
DCD31 0 1
Pin function D,, input pin D, output pin
123 R Ports

12.3.1 Overview

The R port consists of the nine 4-bit I/O ports RO to R6, R8, and R9, the 3-bit 1/0 port R7, and the
1-bit input port RA;.

RO and R3 to R9 are standard voltage CMOS three state /0O ports and R1 and R2 are medium
voltage NMOS open drain 1/O ports.

Theindividual ports RO to R9 are accessed in 4-bit units with the LRA and LRB output
instructions to control the output levels (high or low) on each pin. Output datais stored in the PDR
built into each pin. Similarly, the LAR and LBR input instructions can be used to accessthe R
portsin 4-bit unitsto read the input levels on the port pins.

The RA, input-only port consists of asingle bit. The values of bits 3, 2, and 0 are undefined when
this port is accessed by the input instructions.

DCR registers are used to control on/off states of the R port output buffers. When the DCR bit
corresponding to apin in an R port is set to 1, the contents of the PDR corresponding to that pinis
output from the pin. Thus the output buffer on/off states can be controlled on an individua pin
basis for the R port pins. The DCR registers are allocated in the RAM address space.

The RO and R3 to R5 port pins have shared functions as built-in peripheral module pins. Register
settings are used to switch these functions. (See table 12-7.)

Figure 12-2 shows the R port pin structure.
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RO port

«—= RO/SCK (I/O or 1/O)
l«—» RO04/SI (/O or input)

«—— R0,/SO (I/O or output)
~+——- RO3/TOC (I/O or output)

R2 port

Medium voltage pins
~ = R2,(I0)
e R2; (1/0)
= R2, (I/O)

«—= R23 (I/O)

R4 port

«— R4u/AN4 (I/O or input)
«— R4,/ANg (I/O or input)
«— R4,/ANg (I/O or input)
«——= R43/AN (I/O or input)

R6 port

«—» R6 (I/0)
«—» R64 (I/O)
l«—= R6, (I/0)
«——» R63 (I/0)

R8 port

«—» R8( (I/0)
«—» R84 (I/0)
l«—= R8, (I/0)
+—» R83 (I/O)

RA port

~—— RA; (input)

R1 port

Medium voltage pins
a1 = R1g(I/O)
~— = R1,(/0)
l«—» R1,(I/0)
le———= R13(l/O)

R3 port

«— R3/ANg (I/O or input)
«— R3;/AN; (I/O or input)
«— R3,/AN, (I/O or input)
«——» R33/AN3 (I/O or input)

R5 port

«——= R5/ANg (I/O or input)
«— R5,/ANg (I/O or input)
~——» R5,/AN;q (/O or input)
~——— R53/AN7, (/O or input)

R7 port

«— R7( (I/O)
«—= R7, (1/0)
—= R7, (I/0)

R9 port

«—= R9, (1/0)
«— R9, (I/O)
~—= R9, (I/0)
——= R9;3(I/0)
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12.3.2 Register Configuration and Descriptions
Table 12-7 shows the configuration of the R port related registers.

Table12-7 R Port Register Configuration

Address Register Symbol R/W Initial Value
— Port data registers PDR W* 1
$030 Data control registers DCRO w $0
$031 DCR1 W $0
$032 DCR2 w $0
$033 DCR3 w $0
$034 DCR4 W $0
$035 DCR5 w $0
$036 DCR6 w $0
$037 DCR7 w -000
$038 DCRS8 w $0
$039 DCR9 w $0
$004 Port mode register A PMRA w $0
$005 Serial mode register SMR W $0
$019 A/D mode register 1 AMR1 w $0
$01A A/D mode register 2 AMR2 W -000

Note: * The LRA and LRB instructions are used to write to the PDR registers.

(1) Port Data Registers (PDR): All the /O pinsin ports RO to R9 include a PDR that holds the
output data. When an LRA or an LRB instruction is executed for one of ports RO to R9, the
contents of the accumulator (A) or the B register (B) are transferred to the specified R port PDRs.
When bitsin DCRO to DCR9 are set to 1, the output buffers for the corresponding pinsin ports RO
to R9 will be turned on and the valuesin the PDRs will be output from those pins.

The PDR registers are set to 1 on reset and in stop mode.
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(2) Data Control Registers (DCRO0 to DCR9: $030 to $039)

316

DCRO: $030

DCR1: $031

DCR2: $032

DCR3: $033

DCR4: $034

DCRS5: $035

DCR®6: $036

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

3 2 1 0

| DCRO03 ‘ DCRO02 ‘ DCRO1 ‘ DCRO0O |
0 0 0 0
w W w w
3 2 1 0

| DCR13 ‘ DCR12 ‘ DCR11 ‘ DCR10 |
0 0 0 0
w W w w
3 2 1 0

| DCR23 ‘ DCR22 ‘ DCR21 ‘ DCR20 |
0 0 0 0
w w w w
3 2 1 0

| DCR33 ‘ DCR32 ‘ DCR31 ‘ DCR30 |
0 0 0 0
w w w w
3 2 1 0

| DCR43 ‘ DCR42 ‘ DCR41 ‘ DCR40 |
0 0 0 0
w w W w
3 2 1 0

| DCR53 ‘ DCR52 ‘ DCR51 ‘ DCR50 |
0 0 0 0
w w w w
3 2 1 0

| DCR63 ‘ DCR62 ‘ DCR61 ‘ DCR60 |
0 0 0 0
w w w w
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Bit 3 2 1 0

DCR7: $037 ‘ — ‘ DCR72 ‘ DCR71 ‘ DCR70 ‘
Initial value 0 0 0 0
Read/Write w w w w
Bit 3 2 1 0
DCRS: $038 ‘ DCR83 ‘ DCR82 ‘ DCR81 ‘ DCR80 ‘
Initial value 0 0 0 0
Read/Write W w w w
Bit 3 2 1 0
DCRO: $039 \ DCR93 \ DCR92 \ DCR91 \ DCR90 \
Initial value 0 0 0 0
Read/Write w w w w
Bits in
DCRO to DCR9 Description
0 The output buffer (CMOS bulffer) is turned off and the output goes to the high
impedance state. (initial value)
1 * The CMOS three state output buffer is turned on and the corresponding

PDR value is output.

* For medium voltage NMOS open drain pins (R1 and R2), when the PDR is 0
a low level is output. When the PDR is 1, the pin goes to the high impedance
state.

The table below lists the correspondence between the bitsin DCRO to DCR9 and the port RO to
R9 pins.

Bit
Register Bit 3 Bit 2 Bit 1 Bit 0
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, R3,
DCR4 R4, R4, R4, R4,
DCR5 R5, R5, R5, R5,
DCR6 R6, R6, R6, R6,
DCRY7 — R7, R7, R7,
DCRS8 R8, RS, R8, R8,
DCR9 R9, R9, R9, R9,
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(3) Port Mode Register A (PMRA: $004): PMRA isa4-bit write-only register whose bits
PMRA2 to PMRAO switch the functions of the port RO shared function pins.

This section describes the bits PMRA2 to PMRAO. See section 12.2.2 (3), “Port Mode Register A
(PMRA)", for details on the PMRA3 bit.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRAL | PMRAO
Initial value 0 0 0 0
Read/Write W W W W
— R0,/SO pin function switch
0 | RO, I/O pin
1| SO output pin
— R04/SI pin function switch
0 | RO4 I/O pin
1 | Slinput pin
— RO03/TOC pin function switch
0 | RO3 /O pin
1 | TOC output pin

— D3/BUZZ pin function switch

0

D3 I/O pin

1

BUZZ output pin

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or as the timer C output pin (TOC).

PMRA2 Description

0 The R0O,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The RO,/TOC pin functions as the TOC output pin.
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Bit 1—R0,/SI Pin Function Switch (PMRA1): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description
0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO,/SI pin functions as the Sl input pin.

Bit 0—RO0,/SO Pin Function Switch (PMRAO): Selects whether the RO,/SO pin functions as the
RO, 1/0 pin or as the seria transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR isa4-bit write-only register whose SMR3 hit
switches the RO/SCK pin function.

This section only describes the SMR3 bit. See section 20.2.1, “ Serial Mode Register (SMR)” for
details on bits SMR2 to SMRO.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO

Initial value 0 0 0 0

Read/Write w W W W

Transfer clock selection

— R0g/SCK pin function switch
0 | ROg I/O pin
1 | SCK /O pin

Bit 3—R0/SCK Pin Function Switch (SMR3): Selects whether the RO/SCK pin functions as
the RO, I/O pin or asthe seria interface transfer clock 1/0 pin (SCK).

SMR3 Description
0 The RO,/SCK pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK I/O pin.
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(5) A/D Mode Register 1 (AMR1: $019): AMR1 isa4-bit write-only register that switches the
functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 | AMR10

Initial value 0 0 0 0

Read/Write W W W W

— R3p/ANg pin function switch
0 | R3y I/O pin
1 | ANg input pin

— R37/AN; pin function switch
0 | R34 I/O pin
1 | ANq input pin

— R3,/AN, pin function switch
0 | R3, /O pin
1| AN5 input pin

— R33/ANj; pin function switch
0 | R331/0 pin
1 | ANz input pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3, 1/O pin or asthe A/D converter channel 3 input pin AN,.

AMR13 Description
0 The R3,/AN, pin functions as the R3; I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN, pin functions as
the R3, I/O pin or asthe A/D converter channel 2 input pin AN.,.

AMR12 Description

0 The R3,/AN, pin functions as the R3, I/0 pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1 input pin AN;,.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN;, pin functions as the AN, input pin.

Bit 0—R3/AN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel O input pin AN,.

AMR10 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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(6) A/D Mode Register 2 (AMR2: $01A): AMR2 isa 3-bit write-only register whose AMR21
bit switches the functions of all four bits of the R4 port to be A/D converter input channels (AN, to
AN,), and whose AMR22 hit switches the functions of all four bits of the R5 port to be A/D
converter input channels (ANg to AN, ;). This section describes the AMR22 and AMR21 hits. See
section 15.2.2, “A/D Mode Register 2 (AMR2)”, for details on the AMR20 bit.

Bit 3 2 1 0

— AMR22 | AMR21 | AMR20
Initial value — 0 0 0
Read/Write — W w w

— A/D conversion time
Unused 0| 341y,
1| 67 teye

— R4y/AN,4 to R43/AN~ pin function switch
0 | R4gto R431/0 pins
1 | ANg4to AN7 input pins

'— R5p/ANg to R53/AN4; pin function switch
0 | R5q to R53 I/O pins
1 | ANgto ANy input pins

Bit 2—R5,/ANg to R5,/AN,, Pin Function Switch (AMR22): Selects whether the R5,/ANg to
R5,/AN,, pins function as the R5, to R5; I/O pins or asthe A/D converter channel 8 to 11 input
pins (ANgto AN,,).

AMR22 Description
0 The R5,/AN, to R5,/AN,, pins function as the R5, to R5, I/O pins. (initial value)
1 The R5,/AN, to R5,/AN,, pins function as the AN, to AN,, input pins.

Bit 1—R4,/AN, to R4,/AN, Pin Function Switch (AMR21): Selects whether the R4,/AN, to
R4./AN, pins function as the R4, to R4, 1/0O pins or as the A/D converter channel 4 to 7 input pins
(AN, to AN,).

AMR21 Description

0 The R4,/AN, to R4,/AN, pins function as the R4, to R4, I/O pins. (initial value)
1 The R4,/AN, to R4,/AN, pins function as the AN, to AN, input pins.
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12.3.3

Pin Functions

The pin functions of the R port pins are switched by register settings as shown in table 12-8.

Table12-8 R Port Pin Functions

Pin Pin Functions and Selection Methods
R0,/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCROO 0 1 —
Pin function RO, input pin RO, output pin SCK /O pin
RO,/SI The pin function is switched by the PMRA PMRAL bit and the DCR0O DCRO01 bit as
shown below.
PMRAL 1
DCRO1 0 1 —
Pin function RO1 input pin RO1 output pin Sl input pin
R0,/SO The pin function is switched by the PMRA PMRAO bit and the DCRO DCRO02 bit as
shown below.
PMRAO 1
DCRO02 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRAZ2 bit and the DCRO DCRO03 bit as

shown below.

PMRA2 1
DCRO3 0 1 —
Pin function RO, input pin RO, output pin TOC output pin

HITACHI
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Table12-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R1, The pin function is switched by the DCR1 DCR10 bit as shown below.
DCR10 0 1
Pin function R1, input pin R1, output pin*
R1, The pin function is switched by the DCR1 DCR11 bit as shown below.
DCR11 0 1
Pin function R1, input pin R1, output pin*
R1, The pin function is switched by the DCR1 DCR12 bit as shown below.
DCR12 0 1
Pin function R1, input pin R1, output pin*
R1, The pin function is switched by the DCR1 DCR13 bit as shown below.
DCR13 0 1
Pin function R1, input pin R1, output pin*
R2, The pin function is switched by the DCR2 DCR20 bit as shown below.
DCR20 0 1
Pin function R2, input pin R2, output pin*
R2, The pin function is switched by the DCR2 DCR21 bit as shown below.
DCR21 0 1
Pin function R2, input pin R2, output pin*
R2, The pin function is switched by the DCR2 DCR22 bit as shown below.
DCR22 0 1
Pin function R2, input pin R2, output pin*

Note: * R1, to R1, and R2, to R2, are medium voltage NMOS open drain I/O pins. These pins go to
the high impedance state when their PDR is set to 1.
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Table 12-8

R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R2, The pin function is switched by the DCR2 DCR23 bit as shown below.
DCR23 0 1
Pin function R2, input pin R2, output pin*
R3,/AN, The pin function is switched by the AMR1 AMR10 bit and the DCR3 DCR30 bit as
shown below.
AMR10 0 1
DCR30 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR11 bit and the DCR3 DCR31 bit as
shown below.
AMR11 0 1
DCR31 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR12 bit and the DCR3 DCR32 bit as
shown below.
AMR12 0 1
DCR32 0 1 —
Pin function R3, input pin R3, output pin AN, input pin
R3,/AN, The pin function is switched by the AMR1 AMR13 bit and the DCR3 DCR33 bit as

shown below.

AMR13 0 1
DCR33 0 1 —
Pin function R3, input pin R3, output pin AN, input pin

Note: * R1, to R1, and R2, to R2, are medium voltage NMOS open drain I/O pins. These pins go to
the high impedance state when their PDR is set to 1.
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Table12-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA40 bit as
shown below.
AMR21 0 1
DCR40 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/ANg The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA41 bit as
shown below.
AMR21 0 1
DCR41 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/ANg The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCRA42 bit as
shown below.
AMR21 0 1
DCR42 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
R4,/AN, The pin function is switched by the AMR2 AMR21 bit and the DCR4 DCR43 bit as
shown below.
AMR21 0 1
DCR43 0 1 —
Pin function R4, input pin R4, output pin AN, input pin
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Table12-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R5,/AN, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR50 bit as
shown below.
AMR22 0 1
DCR50 0 1 —
Pin function R5, input pin R5, output pin AN, input pin
R5,/AN, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR51 bit as
shown below.
AMR22 0 1
DCR51 0 1 —
Pin function R5, input pin R5, output pin AN, input pin
R5,/AN, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR52 bit as
shown below.
AMR22 0 1
DCR52 0 1 —
Pin function R5, input pin R5, output pin AN, input pin
R5,/AN,, The pin function is switched by the AMR2 AMR22 bit and the DCR5 DCR53 bit as

shown below.

AMR22 0 1
DCR53 0 1 —
Pin function R5; input pin R5; output pin AN, input pin
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Table12-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R6, The pin function is switched by the DCR6 DCR60 bit as shown below.
DCR60 0 1
Pin function R6, input pin R6, output pin
R6, The pin function is switched by the DCR6 DCR61 bit as shown below.
DCR61 0 1
Pin function R6, input pin R6, output pin
R6, The pin function is switched by the DCR6 DCR62 bit as shown below.
DCR62 0 1
Pin function R6, input pin R6, output pin
R6, The pin function is switched by the DCR6 DCR63 bit as shown below.
DCR63 0 1
Pin function R6, input pin R6, output pin
R7, The pin function is switched by the DCR7 DCR70 bit as shown below.
DCR70 0 1
Pin function R7, input pin R7, output pin
R7, The pin function is switched by the DCR7 DCR71 bit as shown below.
DCR71 0 1
Pin function R7, input pin R7, output pin
R7, The pin function is switched by the DCR7 DCR72 bit as shown below.
DCR72 0 1
Pin function R7, input pin R7, output pin
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Table12-8 R Port Pin Functions (cont)

Pin Pin Functions and Selection Methods
R8, The pin function is switched by the DCR8 DCR8O0 bit as shown below.
DCR80 0 1
Pin function R8, input pin R8, output pin
R8, The pin function is switched by the DCR8 DCR81 bit as shown below.
DCR81 0 1
Pin function R8, input pin R8, output pin
RS, The pin function is switched by the DCR8 DCR82 bit as shown below.
DCR82 0 1
Pin function R8, input pin R8, output pin
R8, The pin function is switched by the DCR8 DCR83 bit as shown below.
DCR83 0 1
Pin function R8, input pin R8, output pin
R9, The pin function is switched by the DCR9 DCR90 bit as shown below.
DCR90 0 1
Pin function R9, input pin R9, output pin
R9, The pin function is switched by the DCR9 DCR91 bit as shown below.
DCR91 0 1
Pin function R9, input pin R9, output pin
R9, The pin function is switched by the DCR9 DCR92 bit as shown below.
DCR92 0 1
Pin function R9, input pin R9, output pin
R9, The pin function is switched by the DCR9 DCR93 bit as shown below.

DCR93

0

1

Pin function

R9, input pin

R9, output pin
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12.4  Usage Notes
Keep the following points in mind when using the 1/0 ports.

*  When the MIS MIS2 hit is set to 1, the RO,/SO pin will be an NMOS open drain output
regardless of whether it is selected for use as the RO, pin or asthe SO pin by the PMRA
PMRAO hit.

e 1/O pinsthat are unused in user systems must be tied to afixed potential, since floating I/0
pins can cause noise that can interfere with LS| operation.

The built-in pull-up MOS transistors can be used to pull up unused pinsto V .. Alternatively,
unused pins can be pulled up to V . with external resistors of about 100 kQ.

Application programs should maintain the PDR, DCD and DCR contents for unused pins at
their reset state values. Also note that unused pins must not be selected for use as peripheral
function 1/O pins.

*  When the MISMIS3 bit isset to 1 (pull-up MOS transistors active) and the PDR for an R
port/analog input shared function pin has the value 1, the MOS transistor for the corresponding
pin will not be turned off by selecting the analog input function with the AMR1 or AMR2
register.

To use an R port/analog input shared function pin as an analog input when the pull-up MOS
transistors are active, always clear the PDR for the corresponding pin to O first and then turn
off the pull-up MOS transistor. (Note that the PDR registers are set to 1 immediately following
areset.)

Figure 12-3 shows the circuit for the R port/analog input shared function pins. AMR1 and
AMR2 are used to set the port outputs to high impedance. ACR is used to switch the analog
input channel.

The states of the R port/analog input shared function pins are set, as shown in table 12-9, by
the combination of the AMR1 or AMR2 register, the MIS3 bit, the DCR, and the PDR settings.
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Figure12-3 R Port/Analog Input Shared Function Pin Cir cuit
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Table12-9 Program Control of the R Port/Analog I nput Shared Function Pins

Corresponding bit in AMR1 0 (R port selected)
or AMR2
MIS3 bit 0
DCR 0
PDR 0 1 o | 1 0 1
CMOS buffer PMOS — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
or AMR2
MIS3 bit 0
DCR 0
PDR 1 0 1 0o | 1 0 1
CMOS buffer PMOS — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On

Note: —: off

* Inthe HD404369 Series evaluation chip set, the circuits for the medium voltage NMOS open
drain pins (the R1 and R2 port pins) differ from the ZTAT™ and the mask ROM
microcomputer versions as shown in figure 12-4. Although the outputsin both the ZTAT™
and mask ROM versions can be set to high impedance by the combinations listed in table 12-
10, these outputs cannot be set to high impedance in the evaluation chip set. Please keep thisin

mind when using the evaluation chip set.

Figure 12-4 shows the circuit for the medium voltage NMOS open drain pins.
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é MIS3
Vee

}—OC I @ DCR

0O Input data

Input control signal

(@) Evaluation Chip Pin Circuit Structure
HLT
o) S
l' ( PDR

o Input data

Input control signal

(b) ZTAT™ and Mask ROM Pin Circuit Structure

Figure12-4 Medium Voltage NM OS Open Drain Pin Circuits

Table 12-10 ZTAT™ and Mask ROM Microcomputer NMOS Open Drain Pin High

Impedance Control
DCR PDR Description
0 * High impedance output (initial value)
1 0 NMOS buffer on. Low level output
1 High impedance output

Note: * Don’t care
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Section 13 Oscillator Circuits
(HD404344R/HD404394/HD404318/HD 404358/
HD404358R Series)

13.1 Oveview

13.1.1 Features

The HD404344R, HD404394, HD404318, HD404358, and HD404358R Series microcomputers
include a system clock oscillator circuit with the following features.

The system clock oscillator circuit supports the use of a ceramic oscillator, a crystal oscillator,
aresistor, or an external clock input. The system clock is generated by dividing the oscillator
frequency by four internally (i.e., f . = fosc/4). Note that Bep; = Boer = foye-

The following oscillator elements and external clock frequencies can be used.

HD404344R Series

Use an oscillator or an external clock with afrequency in the range 0.4 to 5.4 MHz* ™.
Alternately, for CR oscillation* 2 connect aresistor.

HD404394 and HD404318 Series
Use an oscillator or an external clock with afrequency in the range 0.4 to 4.5 MHz.

HD404358 Series

Use an oscillator or an external clock with afrequency in either the range 0.4 to 5.0 MHZz*3, or
the range 0.4 to 8.5 MHZz**,

HDA404358R series

Use an oscillator or an external clock with afrequency in the range 0.4 to 5.0 MHz*® or 0.4 to
8.5 MHz*®. Alternately, for CR oscillation* ” connect aresistor.

Notes: 1. HD404341R, HD404342R, HD404344R, HD4074344

2. HD40C4341R, HD40C4342R, HD40C4344R
HD404354, HD404356, HD404358
HD40A 4354, HD40A 4356, HD40A 4358, HD407A4359
HD404354R, HD404356R, HD404358R
HD40A4354R, HD40A4356R, HD40A4358R, HD407A4359R
HD40C4354R, HD40C4356R, HD40C4358R, HD407C4359R

N o g~ ®
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e The built-in peripheral module operating clock (@er) isinput to an 11-bit prescaler (PSS) and
divided to generate the clocks that are used as the counter operating clocks for the built-in
peripheral modules. The divisors can be set individually using the mode registers for each
built-in peripheral module.

13.1.2 Block Diagram

Figure 13-1 shows the block diagram of the oscillator circuit used in the HD404344R, HD404394,
HD404318, HD404358, and HD404358R Series microcomputers.

9cpu CPU
>« ROM
* RAM
» Registers,
flags

* /O
Oscl@i System Divider

L f .
clock fosc, | circuit cye | Timing

_ tec | generator
oscillator ove
0SCy (<— 1/4

Built-in
peripheral
modules
PPER
Symbol Description
fosc The frequency of the ceramic or crystal oscillator or CR oscillator
connected between the OSC; and OSC, oscillator pins
feye foscl4
teye The clock period for the fcyc frequency (This period is equal

to one instruction cycle in active mode and also to one count
period of prescaler S (PSS).)

gcpy The system clock (the operating clock in active mode)
PPER The system clock (the built-in peripheral module and interrupt
clock)

Figure13-1 Oscillator Circuit Block Diagram
(HD404344R/HD404394/H D404318/HD404358/HD404358R Series)
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13.1.3 Oscillator Circuit Pins
Table 13-1 lists the pins used by the oscillator circuit.

Table13-1 Oscillator Circuit Pins

Pin Symbol 1/0 Function
System clock oscillator OSC, Input  Connections for the system clock oscillator element*
pin 1 (An external clock can be input to OSC,.)

System clock oscillator OSC, Output

pin 2

Note: * HD404344R Series
Connect a ceramic oscillator with a frequency in the range 0.4 to 4.5 MHz or a resistor.
HD404394 and HD404318 Series
Use a ceramic or crystal oscillator element with a frequency in the range 0.4 to 4.5 MHz.
HD404358 Series

Use a ceramic or crystal oscillator element with a frequency in either the range 0.4 to 5.0
MHz, or the range 0.4 to 8.5 MHz.

HD404358R Series

Connect a ceramic or crystal oscillator with a frequency in the range 0.4 to 5.0 MHz or 0.4
to 8.5 MHz, or a resistor.
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13.2  Oscillator Connection and External Clock Input

The system clock oscillator circuit supports the use of a ceramic oscillator, a crystal oscillator, a
resistor, or an external clock input. Table 13-2 shows sample oscillator circuits.

Table13-2 Oscillator Circuit Examples

Circuit Circuit Constants
External clock —
External
oscillator 0SCy
Left open 0SC,
Ceramic oscillator Ceramic oscillator: CSA 4.00MG
(0sc,, 0sC,) (Murata Manufacturing)
—————— R;=1MQ +20%
C C,=C, =30 pF +20%
0SC,
Ceramic =
oscillator
0SC,
Cz
GND
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Table 13-2 Oscillator Circuit Examples (cont)

Circuit Circuit Constants
Crystal oscillator** R, =1 MQ +20%
(OSC,, OSC,) C,=C, =10t0 22 pF +20%
C; Crystal oscillator:
R 0sC, Equivalent circuit shown at left
f —
Crystal = C, =7 pF max
oscillatorT Rs = 100 Q max
T ' 0SC, f=1.0to 4.5 MHz
C2
GND

Cut parallel resonator type
crystal oscillator

— 00— —W—,
L Cs Rs
OSC;~—1 4= 0SC,
[l
[N
Co
CR oscillator*? R, =20kQ + 1%
(0SC,, OSC,)
0sC;
Ry
0SC,

Notes: 1. Applies to the HD404318, HD404358, and HD404358R Series.
2. Applies to the HD404344R and HD404358R Series.
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13.3 Usage Notes
Keep the following points in mind when designing and implementing the oscillator circuit.

* Whenusing acrystal or ceramic oscillator the circuit constants will differ depending on the
device actually used, the stray capacitances in the mounted circuit and other factors. Therefore,
these circuit parameters should be determined in consultation with the manufacturer of the
crystal or ceramic oscillator element used.

» The distance between the OSC, and OSC, pins and the devices connected to those pins should
be kept as short as possible. Do not alow any other lines to cross those lines. (See figure 13-2.)
Correct oscillation may become impossible due to induced signalsif any lines cross.

* Inlike manner, the distance between the OSC,; and OSC, terminals, on the one hand, and the
oscillator resistor, on the other, should be as short as possible. Do not allow any other linesto
cross them.
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HD404344R/HD404394 Series

VE

|

= = | I

e

L L
H—e

HD404318/HD404358/HD404358R Series

T'—* ]
N

A
—

LR

I

R23
0SC;
0SC,
GND

TEST

RESET
0S¢,
0SC,
GND
AVss

1 GND

Figure13-2 Wiring Examplesfor Crystal and Ceramic Oscillators
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Section 14 Oscillator Circuits
(HD404339 and HD404369 Series)

14.1 Oveview

14.1.1 Features

The microcomputers in the HD404339 and HD404369 Series include a system clock oscillator
circuit and a subsystem clock oscillator circuit with the following features.

The system clock oscillator circuit supports the use of a ceramic or crystal oscillator or an
external clock input. The system clock is generated by dividing the oscillator frequency by
either 4, 8, 16, or 32 internally (i.e., f.. = fosc/4, Tosc/8, fosc/16, Or fosc/32: the divisor is
software selectable). Note that @cpy = Bper = foyc-

The following oscillator elements and external clock frequencies can be used.

HD404339 Series
Use an oscillator element or an external clock with afrequency in therange 0.4 to 4.5 MHz.

HD404369 Series

Use an oscillator element or an external clock with afrequency in either the range 0.4 to 5.0
MHz*?, or the range 0.4 to 8.5 MHz*2,

Notes: 1. HD404364, HD404368, HD4043612, HD404369
2. HD40A4364, HD40A 4368, HD40A 43612, HD40A 4369, HD407A4369

The built-in peripheral module operating clock (greg) iSinput to an 11-bit prescaler (PSS) and
divided to generate the clocks that are used as the counter operating clocks for the built-in
peripheral modules. The divisors can be set individually using the mode registers for each
built-in peripheral module.

A 32.768 kHz crystal oscillator is used as the subsystem clock oscillator. A clock generated by
dividing this frequency by four or eight (f5,g = fx/4 or f,/8) with an internal divider circuit is
used as the system clock in subactive mode. The divisor can be selected by setting aregister.

In all operating modes, a clock generated by dividing the subsystem clock frequency by eight
isinput to prescaler W (PSW). A clock generated by PSW division isused in timer A clock
time base operation.
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14.1.2 Block Diagram

Figure 14-1 shows the block diagram of the oscillator circuits used in the HD404339 and
HD404369 Series microcomputers.

LSON
*1
@— g N
0S¢ = L0 5 CcPU
32 fose | | fore © 2cpu + ROM
o £y S > = > + RAM
é S5 | loe g 3 - Registers, flags
S ] o S . 1/0
£ S £ c
9 0« £ g
0sC, g ¥ = 5
n ©
2]
X
[8]
kS) -
*2 o Built-in
5 £ | Zper peripheral module
8 °:°, I3 > interrupts
X1 @7 2 5 g ) (except timer A)
~ f 3 5
S x = | fsus e
o ] @ .
3] 5 > >
(8]
E S tsubcyc g’
@ - 1S
= ] Z TMA3
X2 2 °
=] =
) a)
L]
4
[5]
o =
(SR
| . | 8 58|
@ S _
= t g NEF RS Timer A
E g Tl e ~|  interrupt
(%) £
= tweye g £9
o g o
o g <0
5] = °
2 £ o
= =
a)

Notes: Symbols are described on the following page.

1. The divisor is selected by the system clock selection register 2 (SSR2: $028) SSR21 and

SSR20 bits.

2. The divisor is selected by the system clock selection register 1 (SSR1: $027) SSR12 bit.

Figure14-1 Oscillator Circuit Block Diagram (HD404339/HD404369 Series)
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Symbol

Description

fosc The frequency of the ceramic or crystal oscillator connected between the OSC, and
OSC, oscillator pins

fy The frequency of the crystal oscillator connected between the X1 and X2 oscillator pins
(32.768 kHz)

foye foscl, Tosc!8, fosc/16, or fog./32

toye The clock period for the f_,. frequency (This period is equal to one instruction cycle in
active mode and also to one count period for prescaler S (PSS).)

fu /8

teye The clock period for the f,, frequency (one count period for prescaler W (PSW))

fus f,/4 or f,/8

toubeye The clock period for the f,, frequency (one instruction cycle in subactive mode)

Depy The system clock (the CPU operating clock)

[ J The clock used for timer A and interrupt frame generation
(Supplied from PSS when the TMA3 bit is 0, and from PSW when the TMA3 bit is 1.)

Doer The system clock (the built-in peripheral module and interrupt clock)
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14.1.3 Oscillator Circuit Pins
Table 14-1 lists the pins used by the oscillator circuit.

Table14-1 Oscillator Circuit Pins

Pin Symbol /O Function

System clock oscillator OSC, Input  Connections for the system clock oscillator element*
pin1 (An external clock can be input to OSC,.)

System clock oscillator OSC, Output

pin 2

Subsystem clock X1 Input  Connections for the 32.768 kHz crystal oscillator.

oscillator pin 1

Subsystem clock X2 Output
oscillator pin 2

Note: * HD404339 Series
Use a ceramic or crystal oscillator element with a frequency in the range 0.4 to 4.5 MHz.
HD404369 Series
Use a ceramic or crystal oscillator element with a frequency in either the range 0.4 to 5.0

MHz, or the range 0.4 to 8.5 MHz.
14.1.4 Register and Flag Configuration
Table 14-2 lists the registers and flag used in oscillator circuit control.

Table 14-2 Register and Flag Configuration

Address Item Symbol R/W Initial value
$027 System clock selection register 1 SSR1 W $0

$028 System clock selection register 2 SSR2 w $0

$020, 0 Low speed on flag LSON R/W 0

Note: * LSON is a control bit allocated in the register flag area. It can only be manipulated by the
RAM bit manipulation instructions.
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14.2  Register and Flag Descriptions

1421 System Clock Selection Register 1 (SSR1: $027)

SSR1 isa4-bit write-only register that is used to specify the system clock oscillator frequency

(fosc) actually used, to select the subsystem clock frequency (fg,g) divisor, and to set the

subsystem clock oscillator operating state in stop mode.

The SSR1 SSR12 and SSR11 bits areinitialized to zero on reset and in stop mode.

Bit 3 2 1 0

SSR13 | SSR12 | SSR11 —
Initial value 0 0 0 —
Read/Write w w w —

t Unused

— System clock selection

0

0.4t0 1.0 MHz

1.6 to 4.5 MHz (HD404339 Series)

1.6 to 5.0 MHz (HD404369 Series)"!

1.6 to 8.5 MHz (HD404369 Series)*?

'— Subsystem clock divisor switch

0

fSUB = fx/8

1

fSUB = fx/4

'— Subsystem clock stop setting

0

The subsystem clock operates in stop mode

1

The subsystem clock stops in stop mode

Notes: 1. HD404364, HD404368, HD4043612, HD404369
2. HD40A4364, HD40A4368, HD40A43612, HD40A4369, HD407A4369
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Bit 3—Subsystem Clock Stop Setting (SSR13): Selects whether the subsystem clock (32.768
kHz) operates or stops in stop mode.

Thishitisinitialized to O only on reset.

SSR13 Description
0 The subsystem clock operates in stop mode (initial value)
1 The subsystem clock stops in stop mode

Bit 2—Subsystem Clock Divisor Switch (SSR12): Specifies the divisor for the subsystem clock
that is supplied to the CPU and the built-in peripheral modulesin subactive mode. However, note
that the divisor for the subsystem clock supplied to PSW isfixed at eight, i.e., f,, = f,/8. Thusthe
clock used for timer A in clock time base mode is not affected by the setting of this bit.

This bit must be set in active mode. The microcomputer may operate incorrectly if thisbit is
changed in subactive mode. Also, note that this bit isinitialized to O on reset and in stop mode.

SSR12 Description
0 fsus Will be 1/8 of the subsystem clock oscillator frequency f, (f; = f,/8) and the
CPU single instruction cycle time will be 244.14 ps (when f, = 32.768 kHz).
(initial value)
1 fsus Will be 1/4 of the subsystem clock oscillator frequency f, (fys = f,/4) and the

CPU single instruction cycle time will be 122.07 pys (when f, = 32.768 kHz).

Bit 1—System Clock Selection (SSR11): The SSR11 bit must be set to match the frequency of
the system clock.

Thisbit isinitialized to 0 on reset and in stop mode.

SSR11 Description
0 The system clock frequency is between 0.4 and 1.0 MHz (initial value)
1 The system clock frequency is between 1.6 and 4.5 MHz (HD404339 Series)

The system clock frequency is between 1.6 and 5.0 MHz (HD404369 Series)**

The system clock frequency is between 1.6 and 8.5 MHz (HD404369 Series)*?

Notes: If these register settings do not match the frequency of the system oscillator, the
subsystem using the 32 kHz oscillator will not operate correctly. If the subsystem clock is
used, then the system clock frequency must either be between 0.4 and 1.0 MHz or
between 1.6 and 4.5 MHz (or 1.6 and 5.0 MHz, or 1.6 and 8.5 MHz).

1. HD404364, HD404368, HD4043612, HD404369
2. HD40A4364, HD40A4368, HD40A43612, HD40A4369, HD407A4369
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14.2.2 System Clock Selection Register 2 (SSR2: $028)

SSR2 isa 2-hit write-only register that selects the system clock divisor.

SSR2 isinitialized to $0 on reset and in stop mode.

Bit

Initial value
Read/Write

3

2

1

0

SSR21

SSR20

0
w

0
w

Unused

System clock divisor selection

0

Division by 4 (feyc = fosc/4)

0

Division by 8 (fcyc = fOSC/8)

Division by 16 (fcyc = fosc/16)

1
0
1

Division by 32 (feye = fosc/32)

Bits 1 and 0—System Clock Selection (SSR21, SSR20): These bits set the system clock divisor
tobe4, 8, 16, or 32, i.e,, the system oscillator frequency is divided by 4, 8, 16, or 32. (f,. = fosc/4,
fosc/8, Tosc/16, or fos/32) This setting only takes effect when watch modeis entered. That is, the
system clock must be stopped to change the divisor.

SSR21 SSR20 Description

0 0 The system clock divisor is 4 (f,,. = fosc/4) (initial value)
1 The system clock divisor is 8 (f,,. = fosc/8)

1 0 The system clock divisor is 16 (f,,. = fosc/16)
1 The system clock divisor is 32 (f,,. = fosc/32)

There are two methods for changing the system clock divisor as follows.

1. Inactive mode, set the divisor by writing the SSR21 and SSR20 hits. At this point the
immediately prior divisor setting remainsin effect. Now, switch to watch mode and then return
to active mode. When the system returns to active mode the new clock divisor will be in effect.

2. In subactive mode, set the divisor by writing the SSR21 and SSR20 bits. Then, return to active
mode by passing through watch mode. When the system returns to active mode the new clock
divisor will be in effect. (The change will also take effect for direct transition to active mode.)
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14.2.3  Low Speed On Flag (L SON: $020, 0)

L SON selects whether the system operating clock is taken from the system clock or from the
subsystem clock when switching modes between active mode, watch mode, and subactive mode.
See section 6.2.5, “Low Speed On Flag (LSON)”, for details.
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14.3  Oscillator Connection and External Clock Input

The system clock oscillator circuit supports the use of a ceramic or crystal oscillator with a
frequency between 0.4 and 4.5 MHz (or between 0.4 and 8.5 MHz) or an external clock input. A
32.768 MHz crystal oscillator must be used as the subsystem clock oscillator. Table 14-3 shows
sample oscillator circuits.

Table 14-3 Oscillator Circuit Examples

Circuit Circuit Constants
External clock —
External
oscillator 0SCy
Left open 0SC,
Ceramic oscillator ———————— Ceramic oscillator: CSA 4.00MG

(osc,, 0sC,) (Murata Manufacturing)

Ci
0SCy R, = 1 MQ +20%
Ceramic Ri C,=C, =30 pF £20%
oscillator =2
0SC,
C

GND

Crystal oscillator — R=1MQ+20%
(0sc,, 0scC,) C C,=C,=10to 22 pF £20%

1
0SsC;
Crystal :Rf Crystal oscillator:
oscillator Equivalent circuit shown at left
I T osc, C, =7 pF max

47 IC R, = 100 Q max
2 f=1.0to0 4.5 MHz

GND
Cut parallel resonator type
crystal oscillator
_rmy\_| |—W‘/—
L Cs Rs
OSCy=—+ ¢+— 0OSC;,

Il
[N
Co
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Table 14-3 Oscillator Circuit Examples (cont)

Circuit Circuit Constants
Crystal oscillator (X1, Crystal oscillator:
X2) — 32.768 kHz; MX38T
Ci (Nippon Denpa Kogyo, Ltd.)
)—r X1 C1=C2=20pF £20%
RS =14 kQ
Crystal
oscillator T CO0=1.5pF
I X2
C,
GND

Cut parallel resonator
type crystal oscillator

— 00— F—W—]
L Cs Rs
X] -—s — X2
I
1T
Co
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144  Usage Notes
Keep the following points in mind when designing and implementing clock oscillator circuits.

¢ When using a crystal or ceramic oscillator the circuit constants will differ depending on the
device actually used, the stray capacitances in the mounted circuit and other factors. Therefore,
these circuit parameters should be determined in consultation with the manufacturer of the
crystal or ceramic oscillator element used.

¢ The distance between the OSC, and OSC, pins (and X1 and X2 pins) and the devices
connected to those pins should be kept as short as possible. Do not allow any other linesto
crossthose lines. (See figure 14-2.) Correct oscillation may become impossible due to induced
signalsif any lines cross.

e |If the subsystem clock (the 32.768 kHz oscillator) is not used, connect the X1 pin to ground
and leave the X2 pin open.

GND
TFH || meseT
~ 0SC,
=
. . 0SC,
i [ | eno
T
] X1
=
—— ]
A P

Figure14-2 Wiring Examplefor Crystal and Ceramic Oscillators
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Section 15 A/D Converter

151 Oveview

The HMCS43XX family microcomputers include a built-in resistor ladder successive
approximations A/D converter.

15.1.1 Features

The A/D converter has the following features.

Eight bit resolution (1/256 of the reference voltage)

Input channels

Series Number of Channels
HD404344R 4

HD404394 3

HD404318 8

HD404358

HD404358R

HD404339 12

HD404369

Analog power supply

Series Analog Reference Power Supply
HD404344R V. (internal connection)
HD404394 V..,

HD404318 AV .

HD404358

HD404358R

HD404339

HD404369

Conversion time: 34t or 67t (t.: System clock period)

Aninterrupt is generated at the completion of an A/D conversion.

HITACHI
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15.1.2 Block Diagram

Figures 15-1 (a), (b), and (c) show the block diagrams of the A/D converter circuits used in the
HD404344R/HD404394 Series, HD404318/HD404358/HD404358R Series, and
HD404339/HD404369 Series microcomputers, respectively.

A/D interrupt request flag
(IFAD)
/
A/D mode register 1
4 (AMR1) C
A/D mode register 2
" — (AMR2) <
(ANo) O -
AN; O - 8 A/D data register @
AN, O - 8 Encoder (ADR) | > 2
ANz O - O % _:;e
g
A/ID c_otntrol < 5
register Conversion time control =
—
A/D start flag
(ADSF)
A/D channel register
. 2 (ACR) <
Off in stop mode or
when IAOF is set to 1.
!
Ve O~
(Vref) 2 %
GND O
Resistor ladder |- Iap off flag
(IAOF)

Notes: 1. Applies to the HD404344R Series. Unused in the HD404394 Series.
2. Connected to V¢ in the HD404344R Series, Vet in the HD404394 Series.

Figure15-1(a) A/D Converter Block Diagram (HD404344R/HD404394 Series)
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A/D interrupt request flag

A/D mode register 1
(AMR1)

(IFAD)
A
4

ANg O T
ANl O -
AN, O - Encoder
AN4 O - o
QES 8 - @ A/D control

6 - ist
AN O . . q register

—

AVec O
AVsg 074‘5

A/D mode register 2
(AMR2)

A/D data register
(ADR)

A/D start flag
(ADSF)

Conversion time control

Off in stop mode or

when IAOF is set to 1.
|

v

Resistor ladder |-

A/D channel register
(ACR)

Iap Off flag
(IACF)

Internal data bus

Figure15-1 (b) A/D Converter Block Diagram (HD404318/HD404358/HD404358R Series)
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A/D interrupt request flag

(IFAD)
A
A/D mode register 1
(AMR1) <
A/D mode register 2
(AMR2) <]
ANg O -
AN, O - A/D data register
AN, O _ Encoder (ADR) >
ANz O - %
AN4 O Lot .
QES 8 > % > A/D control
. - O .
AN O - 3 - register Conversion time control
ANg O—¢—»- I }
AN -
AN? 8 | A/D start flag
AlelJ 5 | (ADSF)
t A/D channel register C
ACR
Off in stop mode, watch mode, 4 (ACR)
subactive mode, or when
IAOF is set to 1. |
AVccof oo
AVss O Inp Off f
Resistor ladder |- AD Ol Tlag
(IAOF)

Internal data bus

Figure15-1(c) A/D Converter Block Diagram (HD404339/HD404369 Series)
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15.1.3 Pin Configuration

Table 15-1 shows the configuration of the A/D converter pins.

Table15-1 Pin Configuration

HD404344R Series

Pin Symbol 1/0 Function

Analog input channel 0 R3,/AN, 1/O orinput Shared function: Analog input channel 0 or R3,
Analog input channel 1 R3,/AN, 1/O orinput Shared function: Analog input channel 1 or R3,
Analog input channel 2 R3,/AN, /O orinput Shared function: Analog input channel 2 or R3,
Analog input channel 3 R3,/AN, 1/O orinput Shared function: Analog input channel 3 or R3,
HD404394 Series

Pin Symbol /O Function

Analog reference power V, — Analog reference power supply

supply

Analog input channel 1 R3,/AN,; /O orinput Shared function: Analog input channel 1 or R3;
Analog input channel 2 R3,/AN, /O orinput Shared function: Analog input channel 2 or R3,
Analog input channel 3 R3,/AN, 1/O orinput Shared function: Analog input channel 3 or R3,

HITACHI

359



Table15-1 Pin Configuration (cont)

HD404318/HD404358/HD404358R Series

Pin Symbol /O Function

Analog power supply AV, Power supply for the analog block

Analog ground AV¢g — Ground for the analog block

Analog input channel 0 R3,/AN, 1/O orinput Shared function: Analog input channel 0 or R3,
Analog input channel 1 R3,/AN, 1/O orinput Shared function: Analog input channel 1 or R3,
Analog input channel 2 R3,/AN, 1/O orinput Shared function: Analog input channel 2 or R3,
Analog input channel 3 R3,/AN; 1/O orinput Shared function: Analog input channel 3 or R3,
Analog input channel 4 R4,/AN, 1/0O orinput Shared function: Analog input channel 4 or R4,
Analog input channel 5 R4,/AN; 1/O or input Shared function: Analog input channel 5 or R4,
Analog input channel 6 R4,/AN; 1/O orinput Shared function: Analog input channel 6 or R4,
Analog input channel 7 R4,/AN, 1/0O orinput Shared function: Analog input channel 7 or R4,
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Table 15-1 Pin Configuration (cont)

HD404339/HD404369 Series

Pin Symbol 1/0

Function

Analog power supply AV —

Power supply for the analog block

Analog ground AV —

Ground for the analog block

Analog input channel 0 R3,/AN, 1/O or input

Shared function:

Analog input channel 0 or R3,

Analog input channel 1 R3,/AN, 1/O or input

Shared function:

Analog input channel 1 or R3;

Analog input channel 2 R3,/AN, 1/O or input

Shared function:

Analog input channel 2 or R3,

Analog input channel 3 R3,/AN, 1/O or input

Shared function

: Analog input channel 3 or R3,

Analog input channel 4 R4,/AN, 1/O or input

Shared function:

Analog input channel 4 or R4,

Analog input channel 5 R4,/AN; 1/O or input

Shared function:

Analog input channel 5 or R4,

Analog input channel 6 R4,/AN; 1/O or input

Shared function:

Analog input channel 6 or R4,

Analog input channel 7 R4,/AN, 1/O or input

Shared function

: Analog input channel 7 or R4,

Analog input channel 8 R5,/AN; 1/O or input

Shared function:

Analog input channel 8 or R5,

Analog input channel 9 R5,/AN; 1/O or input

Shared function:

Analog input channel 9 or R5,;

Analog input channel 10 R5,/AN,, /O or input

Shared function:

Analog input channel 10 or R5,

Analog input channel 11 R5,/AN,, /O or input

Shared function:

Analog input channel 11 or R5,
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15.1.4 Register and Flag Configuration
Table 15-2 shows the configuration of the registers and flags used by the A/D converter.

Table15-2 Register and Flag Configuration

Address Item Symbol R/W Initial Value
$019 A/D mode register 1 AMR1 w $0

$01A A/D mode register 2 AMR2 w $0

$017 A/D data register L ADRL R $0

$018 A/D data register U ADRU R $8

$016 A/D channel register ACR w $0

$020, 2 A/D start flag ADSF R/W* 0

$021, 2 IAD off flag IAOF R/W* 0

Note: * ADSF and IAOF are allocated in the register flag area and can only be manipulated with the
RAM bit manipulation instructions. Only a 1 can be written to the ADSF flag, i.e., it can only
be set to 1, it cannot be cleared to 0.
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15.2 Register and Flag Descriptions

1521 A/D Mode Register 1 (AMR1: $019)

AMRL1 isa4-bit write-only register that switches the functions of the R3 port shared function pins.

Bit 3 2 1 0
AMR13 | AMR12 | AMR11 | AMR10*

Initial value 0 0 0 0

Read/Write W W W W

— R3p/ANg pin function switch*
0 | R3y /O pin
1 | ANg input pin

— R3,/AN; pin function switch
0 | R3; /O pin
1 | ANj input pin

— R3,5/AN, pin function switch
0 | R3, /O pin
1| AN, input pin

— R33/AN3 pin function switch
0 | R331/0 pin
1 | ANz input pin

Note: * Applies to the HD404344R, HD404318, HD404358, HD404358R, HD404339, and

HD404369 Series.
The AMR10 bit is unused in the HD404394 Series.

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3; 1/O pin or asthe A/D converter channel 3 input pin AN,.

AMR13 Description
0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.
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Bit 2—R3,/AN, Pin Function Switch (AMR12): Selects whether the R3,/AN,, pin functions as
the R3, I/O pin or asthe A/D converter channel 2 input pin AN,

AMR12 Description
0 The R3,/AN, pin functions as the R3, /O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

Bit 1—R3,/AN; Pin Function Switch (AMR11): Selects whether the R3,/AN; pin functions as
the R3, I/O pin or asthe A/D converter channel 1 input pin AN,.

AMR11 Description
0 The R3,/AN, pin functions as the R3, I/0 pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

HD404344R/HD404318/HD404358/HD404358R/HD404339/HD 404369 Series

Bit 0—R3yAN, Pin Function Switch (AMR10): Selects whether the R3,/AN, pin functions as
the R3, 1/O pin or asthe A/D converter channel O input pin AN,

AMR10 Description

0 The R3,/AN, pin functions as the R3, I/O pin. (initial value)
1 The R3,/AN, pin functions as the AN, input pin.

HD404394 Series

Bit 0—Reserved Bit: Thisbit is unused.
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15.2.2 A/D Mode Register 2 (AMR2: $01A)

AMR2 is a4-bit write-only register that setsthe A/D conversion time and switches the functions
of certain R port shared function pins.

Bit 3 2 1 0
—  |AMR22"2/AMR21"Y| AMR20
Initial value — 0 0 0
Read/Write — W W W
Unused '— A/D conversion time
0| 34t
1| 67ty

- R4y/AN, to R44/AN- pin function switch*1
0 | R4gto R431/0 pins
1 | AN4to AN7 input pins

L R50/ANg to R53/AN;; pin function switch*2
0 | R5, to R53 /0 pins
1 | ANgto ANy input pins

Notes: 1. Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
The AMR21 bit is unused in the HD404344R and HD404394 Series.
2. Applies to the HD404339 and HD404369 Series.
The AMR22 bit is unused in the HD404344R, HD404394, HD404318, HD404358,
and HD404358R Series.

HD404339/HD404369 Series

Bit 2—R5,/AN; to R5,/AN,; Pin Function Switch (AMR22): Selects whether the R5,/AN, to
R5,/AN,, pinsfunction as the R5, to R5, I/O pins or asthe A/D converter channel 8 to 11 input
pins (ANg to AN,,).

AMR22 Description
0 The R5,/AN, to R5,/AN,, pins function as the R5, to R5, /O pins. (initial value)
1 The R5,/AN, to R5,/AN,, pins function as the AN, to AN,, input pins.

HD404344R/HD404394/HD404318/HD404358/HD404358R Series

Bit 2—Reserved Bit: Thisbit is unused.
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HD404318/HD404358/HD404358R/HD404339/HD 404369 Series

Bit 1—R4,/AN, to R4;/AN; Pin Function Switch (AMR21): Selects whether the R4,/AN, to
R4./AN, pins function as the R4, to R4, 1/O pins or asthe A/D converter channel 4 to 7 input pins
(AN, to AN,).

AMR21 Description

0 The R4,/AN, to R4,/AN, pins function as the R4, to R4, I/O pins. (initial value)
1 The R4,/AN, to R4./AN, pins function as the AN, to AN, input pins.
HD404344R/HD404394 Series

Bit 1—Reserved Bit: Thisbit is unused.

Bit 0—A/D Conversion Time Selection (AMR20): Selectsthe A/D conversion time.

AMR20 Description

0 Conversion time = 34t (initial value)
1 Conversion time = 67t

Note: t., is the system clock period.
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152.3 A/D DataRegister L, U (ADRL: $017, ADRU: $018)

The ADRL/U pair (ADRL and ADRU) forms an 8-bit read-only register in which ADRL isthe

lower digit and ADRU isthe upper digit.

The 8-bit A/D converted datais transferred to the ADRL/U pair and held until the start of the next

conversion.

The contents of this register is not guaranteed during A/D converter operation.

The ADRL/U pair is not cleared on reset.

Bit

ADRL
Initial value
Read/Write

Bit

ADRU
Initial value
Read/Write

— A/D converted data (lower 4 bits)

3 2 1 0
ADRL3 | ADRL2 | ADRL1 | ADRLO
0 0 0 0
R R R R
3 2 1 0
ADRU3 | ADRU2 | ADRU1 | ADRUO
1 0 0 0
R R R R

HITACHI

— A/D converted data (upper 4 bits)
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1524 A/D Channel Register (ACR: $016)

ACR isa4-hit write-only register that selects the input channel for which A/D conversion will be
performed.

Bit 3 2 1 0
ACR3 | ACR2 | ACR1 | ACRO

Initial value 0 0 0 0

Read/Write w W w w

Analog input channel selection

Input channel
ACR3 | ACR2 | ACR1 | ACRO
HD404344R | HD404304 | HDAO4350/ rrpissd
HD404358R
0 ANg AN ANg
° 1 ANy ANy ANy AN,
0 0 AN, AN, AN, AN,
1 1 AN3 AN3 AN AN
i 0 AN, AN,
’ 1 AN ANg
' 0 ANg ANg
1 ! AN7 AN
0 AN
i = AN:
' : 0 AN
: ! AN7q
1 * x

Note: * Don't care

D: Unused
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Bits 3to 0—Analog Input Channel Selection (ACR3 to ACROQ): These bits select the analog

input channel.
HD404344R Series
ACR3 ACR2 ACR1 ACRO Description
0 0 0 0 Analog input channel 0 (ANO) selected. (initial value)
1 Analog input channel 1 (AN1) selected.
1 0 Analog input channel 2 (AN2) selected.
1 Analog input channel 3 (AN3) selected.
1 * * Unused
1 * * *
Note: * Don't care
HD404394 Series
ACR3 ACR2 ACR1 ACRO Description
0 0 0 0 Unused (initial value)
1 Analog input channel 1 (AN1) selected.
1 0 Analog input channel 2 (AN2) selected.
1 Analog input channel 3 (AN3) selected.
1 * * Unused
1 * * *
Note: * Don't care
HD404318/HD404358/HD404358R Series
ACR3 ACR2 ACR1 ACRO Description
0 0 0 0 Analog input channel 0 (ANO) selected. (initial value)
1 Analog input channel 1 (AN1) selected.
1 0 Analog input channel 2 (AN2) selected.
1 Analog input channel 3 (AN3) selected.
1 0 0 Analog input channel 4 (AN4) selected.
1 Analog input channel 5 (AN5) selected.
1 0 Analog input channel 6 (AN6) selected.
1 Analog input channel 7 (AN7) selected.
1 * * * Unused
Note: * Don'’t care
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HD404339/HD404369 Series

ACR3 ACR2 ACR1 ACRO Description

0 0 0 0 Analog input channel 0 (ANO) selected. (initial value)
1 Analog input channel 1 (AN1) selected.
1 0 Analog input channel 2 (AN2) selected.
1 Analog input channel 3 (AN3) selected.
1 0 0 Analog input channel 4 (AN4) selected.
1 Analog input channel 5 (AN5) selected.
1 0 Analog input channel 6 (AN6) selected.
1 Analog input channel 7 (AN7) selected.
1 0 0 0 Analog input channel 8 (AN8) selected.
1 Analog input channel 9 (AN9) selected.
1 0 Analog input channel 10 (AN10) selected.
1 Analog input channel 11 (AN11) selected.
1 * * Unused

Note: * Don'’t care
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1525 A/D Start Flag (ADSF: $020, 2)

ADSF startsthe A/D conversion process. When ADSF is set to 1, the A/D converter starts. When
the conversion completes, the converted datais transferred to the ADRL/U pair and ADSF is
cleared to O.

ADSF can be read and written using the RAM bit manipulation instructions.
ADSF iscleared to 0 on reset and in stop mode.

ADSF Description

0 (Read) Indicates that the A/D conversion had completed. (initial value)
(Write) The value 0 cannot be written.

1 (Read) An A/D conversion is in progress.
(Write) Starts the A/D converter.

152.6  IAD Off Flag (IAOF: $021, 2)

The current flow through the resistor ladder can be cut off by setting IAOF to 1 in either standby
mode or active mode. However, the A/D converter will not operate correctly in this state. Do not
use the A/D converter when IAOF isset to 1.

IAOF Description
0 Current flows in the resistor ladder. (initial value)
1 No current flows in the resistor ladder.
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15.3 A/D Converter Operation

15.3.1 A/D Conversion Operation

Figure 15-2 shows the A/D conversion operation sequence.

1. Select the analog input channel and set the A/D
conversion time. (AMR1, AMR2, ACR)

2. Start an A/D conversion. (ADSF = 1)

A/D conversion completes.

3. The converted data is transferred to the ADRL/U pair.
(ADSF = 0, IFAD = 1)

4. Read out the ADRL/U pair.

Figure15-2 A/D Conversion Operation Sequence
An A/D converter operation proceeds as follows.

1. Select the analog input channel and set the A/D conversion time using the AMR register
(AMR1, AMR2, and ACR).

2. Start an A/D conversion by setting ADSF to 1.

3. When the A/D conversion completes, the converted datais transferred to the ADRL/U pair,
and ADSF is cleared to 0. At the sametime, IFAD isset to 1.

4. Read out the datafrom the ADRL/U pair.

Figure 15-3 shows the timing chart for A/D converter operation.
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A/D conversion time A/D conversion time
(34tcyc Or 67tcyc) (34tcyc Or 67tcyc)
‘ Set ‘ Set

ADSF
‘ Clear ‘ Clear
IFAD
% Read | +Read
ADRL, ADRU Undefined Conversion resul>< Undefined Conversion result
\

teye: System clock period

Figure 15-3 A/D Converter Operation Timing Chart

15.3.2 Low Power Maode Operation

The current supplied to the resistor ladder is cut off in stop mode, watch mode*, and subactive
mode. As aresult, the A/D converter does not operate in these modes.

Note: * Appliesto the HD404339 and HD404369 Series.
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15.3.3 A/D Converter Precision

Since an A/D converter converts an analog signal to adigital code, thereis, in principle, a
guantization error (defined to be 1/2 the L SB) associated with the conversion. Figure 15-4 shows
the correspondence between an eight-bit resolution A/D converter’ s anal og input voltage and the
result of the conversion.

A A/D conversion result (8 bits)

$FF—
$FE|—

Ideal A/D
$FD— conversion

characteristics

$03 [~ Quantization J

error

wl

$01 —

$00 ‘ | ‘ SS | ‘ ‘ » Analog input
1 2 3 253 254 255 1 voltage

256 256 256 256 256 256

Note: The analog input voltage in this figure is scaled to AVcc — AVgg = 1.

Figure 15-4 Correspondence between A/D Converter Analog Input and Digital Output

The difference between the result of an A/D conversion and the analog input is called the absolute
precision. See the “A/D Converter Characteristics’ item for each seriesin section 25, “Electrical
Characteristics’, for the absolute precision provided by these A/D converters.
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15.34 Noteson the Analog Reference Power Supply

In products in which the A/D converter reference voltageisfixed at AV or V  (the
HD404344R, HD404318, HD404358, HD404358R, HD404339, and HD404369 Series), the
resolution isfixed at AV /256 or V -/256. (Note that a reference voltage in therange V. — 0.3 <
AV ¢ £V + 0.3 must be used even in products that provide an AV  pin.)

The HD404394 Series microcomputers, which include aV  pin, support A/D conversions with an
even higher resolution (V,/256) by varying the V .« pin voltage. However, the voltage applied to
theV 4 pin must beintherangeV /2< V4 < Ve

154  Interrupts
The A/D converter interrupt source is the completion of A/D conversion.
When A/D conversion completes, the IFAD bit in the interrupt control bit areais set to 1.

IFAD is never cleared automatically, even if the interrupt is accepted. The interrupt handling
routine should clear IFAD to O.

The A/D interrupt can be independently enabled or masked with the A/D interrupt mask (IMAD)
in the interrupt control bit area.

375
HITACHI



155 Usage Notes

Keep the following points in mind when using the A/D converter.

ADSF isallocated in the register flag area. Use the SEM and SEMD instructions to set ADSF.
Do not attempt to write a0 to ADSF.

Do not write ADSF during an A/D conversion.
The contents of the ADRL/U pair are undefined during an A/D conversion.
Do not write a1 to IAOF during an A/D conversion.

The pull-up MOS transistors on R port/analog input shared function pins are not turned off by
selecting the pin for use as an analog input pin with AMR1 if the MISMIS3 bitissetto 1
(pull-up MOS transistors active) and the PDR for the corresponding pinis set to 1. If the pull-
up MOS transistors are activated, always be sure to turn off the pull-up MOS transistor for the
pin being used as an analog input pin by clearing to 0 the PDR for that pin. Note that the PDRs
are set to 1 immediately following areset.

Figure 15-5 shows the circuit structure of the R port/analog input shared function pins.

AMRL1 isaregister that is used to set the port output to the high impedance state. ACR is used to
switch the pin function to the analog input function.

Table 15-3 lists the states of the R port/analog input shared function pins that can be set by
combinations of the AMR1 (AMR2), MIS3 hit, DCR, and PDR settings.
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Vee

HLT

Pull-up control signal

MIS3

Buffer control AMR (A/D mode
signal <:|£ register setting value)
}—O@ Output data

PDR
0 = Input data
Input control signal
. <
m A/D input
T ACR (A/D channel

register setting value)

Figure15-5 R Port/Analog Input Shared Function Pin Circuit
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Table 15-3 Program Control of R Port/Analog Input Shared Function Pin States

Corresponding bit in AMR1 0 (R port selected)
or AMR2
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 o | 1 0 1
CMOS buffer PMOS — — On — — On
NMOS On — On —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
Corresponding bit in AMR1 1 (analog input selected)
or AMR2
MIS3 bit 0 1
DCR 0 1 0 1
PDR 0 1 0 1 0o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On

Note: —: off

15,6  Noteson Mounting Built-in A/D Converter Microcomputers
(HD404318 and HD404339 Series Only)

Observe the following points when designing and implementing built-in A/D converter
microcomputers circuits.

» Insert bypass capacitors (laminated ceramic type) of about 0.1 pF between AV . and AV i and
between pins used as analog pins and AV . Also, connect unused analog pinsto AV . Figure
15-6 (@) shows connection examples for the HD404318 series, and figure 15-6 (b) shows
connection examples for the HD404339 series.
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When ANg to AN- are unused and the R3 and R4 ports are also unused

VCC AVCC
AN
AN,

0.1puF AN,
' to
AN

GND AVss

When ANg and AN, are used, and AN, to AN are unused

Vcc AVCC
AN,
AN,

AN,

GND N AVss

Three 0.1 pF capacitors

When ANg to AN (all the analog pins) are used

Vee AVcc
AN,
AN,

AN,
to
AN,

GND S S S W AVes
J

Nine 0.1 pF capacitors

Figure15-6 (a) Connection Examplesfor AV ./AVand AV i and the Used Analog Pins
(HD404318 Series)
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When ANg to AN, ; are unused and the R3 to R5 ports are also unused

VCC AVCC
AN,
AN,

0.1pF AN,
! to
ANqq

GND AVss

When ANg and AN, are used, and AN, to ANy, are unused

VCC AVCC
AN
AN,

ANqq

GND N AVss

Three 0.1 pF capacitors

When ANg to ANy (all the analog pins) are used

Vee AVcc
AN
AN,

AN,
to
ANy,

N J

Thirteen 0.1 yF capacitors

Figure 15-6 (b) Connection Examplesfor AV ./AV s and AV and the Used Analog Pins
(HD404339 Series)
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Connect the capacitor used in normal power supply circuit design between V . and ground.

Since there will be no resistors inserted in series in the power supply circuit, the capacitors are

connected in parallel. Thus atotal of two capacitors, alarge capacitor (C1) and a small
capacitor (C2) are used. Figure 15-7 shows this circuit.

Power supply line connection circuit example

Vee

GND

GND

Figure15-7 V. to Ground Circuit Example

HITACHI
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Section 16 Prescaers

16.1 Overview

The microcomputersin the HMCS43X X family include one or two built-in prescalers. The
prescaler(s) provided differ between product series.

Series
HD404344R/HD404394/HD404318/HD404358/ HD404339/HD404369
Prescaler HD404358R
Prescaler S (PSS) O O
Prescaler W (PSW) — O

Theinterna clocks for timers A to C and the operating clocks for each built-in peripheral module
are selected from the prescaler outputs by the mode registers for the built-in peripheral modules.

Table 16-1 lists the input clocks and operating conditions for the prescalers.
Table16-1 Prescaler Input Clocks and Operating Conditions

HD404344R/HD404394/HD404318/HD404358/HD404358R Series

Item Input Clock Reset Condition Stop Condition
Prescaler S « System clock « System reset « System reset
« Stop mode

HD404339/HD404369 Series

Item Input Clock Reset Condition Stop Condition
Prescaler S « In active mode and standby mode: ¢ System reset + System reset
system clock » Stop mode
e In subactive mode: subsystem clock e Watch mode
Prescaler W e Aclock generated by dividing the + System reset * System reset
32.768 kHz subsystem clock by o Software* . Stop mode
eight.
Note: * PSW is cleared to 0 when all the bits TMA3 to TMAL in timer mode register A (TMA) are set
to 1.
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Figure 16-1 (a) shows the prescaler output destinations for the HD404344R and HD404394 Series,
figure 16-1 (b) shows the destinations for the HD404318, HD404358, and HD404358R Series,
and figure 16-1 (c) shows the destinations for the HD404339 and HD404369 Series.

System clock »| Prescaler S >
Timer B

Timer C

Serial
interface

Figure16-1(a) Prescaler Output Destinations (HD404344R and HD404394 Series)
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System clock

Prescaler S

Timer A

Timer B

Timer C

Serial
interface

Alarm
output
circuit

Figure16-1 (b) Prescaler Output Destinations (HD404318, HD404358, and

HD404358R Series)
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Subsystem > Prescaler W | Timer A
clock

> Timer B

> Timer C

Serial

> interface

> Alarm

System ,| Clock »| Prescaler S >| output

clock selector circuit

Figure16-1(c) Prescaler Output Destinations (HD404339 and HD404369 Series)
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16.2 Prescaler S(PSS)

PSS isan 11-bit counter that takes the system clock asits input in active mode and standby mode,
and the subsystem clock in subactive mode*.

PSSisinitialized to $000 on reset, and divides the system clock after the reset is cleared.

Although PSS operation stops during reset, in stop mode, and in watch mode*, it continues to
operate in all other operating modes. Although the PSS output is supplied to all the built-in
peripheral modules, the divisor it implements can be selected independently for each built-in
peripheral module.

Note: * Appliesto the HD404339 and HD404369 Series.

163  Prescaler W (PSW) (HD404339 and HD404369 Series Only)

PSW is a5-bit counter that takes asits input a clock generated by dividing the 32.768 kHz
subsystem clock by eight.

PSW isinitialized to $00 on reset, and divides the subsystem clock after the reset is cleared.
Although PSW stops during reset and in stop mode, it continues to operate in all other operating
modes. PSW can be reset in software.

Only timer A uses the PSW output.
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Section17 Timer A
(HD404318/HD404358/HD404358R/HD404339
/HD404369 Series)

17.1 Oveview

The microcomputers in the HD404318, HD404358, HD404358R, HD404339, and HD404369
Seriesinclude the timer A peripheral module. (The microcomputers in the HD404344R and
HD404394 Series do not include timer A.)

1711  Features
Timer A isan eight-bit free-running timer.

Timer A can also be used as a clock time base in microcomputers in the HD404339 and
HD404369 Series, which include the 32.768 kHz subsystem clock oscillator.

HD404318/HD404358/HD404358RSeries

» Thetimer clock can be selected from one of eight internal clock signals (2048t,,., 1024t
512, 128t,, 32y, Bty 4ty and 2t,,) generated by prescaler S (PSS).

cycr

¢ Interrupts can be generated on timer counter A (TCA) overflow.

HD404339/HD404369 Series

« Thetimer clock can be selected from one of eight internal clock signals (with periods of
2048, 10241, 512t ., 128, 32y, 8lyy.e, Moy and 2t,) when prescaler S (PSS) is used.

cycr cycr cycr cyer Oleyer Feyes

» Thetimer clock can be selected from one of five internal clock signals (with periods of 32ty
16tyyeye Btweyer 2tweye: @Nd /2t ) when prescaler W (PSW) is used (when timer A isused asa
clock time base).

¢ Interrupts can be generated by the overflow of the timer counter A (TCA) register.

Note: t, (whichis 1/g.g) isthe period of one PSS count cycle, and ty,q,. (Which is 244.24 ps) is
the period of one PSW count cycle.
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17.1.2 Block Diagram

Figures 17-1 (a) and (b) show the block diagrams of timer A in the HD404318, HD404358, and
HD404358R Series and in the HD404339 and HD404369 Series, respectively.

Timer A interrupt
request flag

(IFTA)
9pER
System
clock
/
+2
+4
+8
Prescaler |32 _| & »| Timer counter A Overflow
° %)
S +128 3 (TCA) 3
PSS I 2
PSS |, 512 o £
o °
+1024 ‘_g
+2048 E
- =

Timer mode register A
(TMA)

<> :Data bus
— : Clock line

- Signal line

Figure17-1(a) Timer A Block Diagram (HD404318, HD404358, and HD404358R Series)
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32.768 kHz fw Prescaler W ; i
= 1/4 - 1/2 » Timer A interrupt
Oscillator |> t (PSW) request flag

Wcyc
IFTA
PR RO IR
V2tweye y y Y Y
\_ Selector [
> 5 .
S |Clock | Timer
Q counter A Over
-3 (TCA) verflow
[2)
>
Q0
a
IS
©
©
£
(]
/ Selector \‘ <
I vﬂ oo“
o o J S
ol N < S o
N| || m - ;LGN
R RNRE
System 9pER
ook —— ™ Prescaler S (PSS) | 3
<> : Data bus Timer mode
— w : Clock line register A <
— : Signal line (TMA)

Figure17-1(b) Timer A Block Diagram (HD404339 and HD404369 Series)
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17.1.3 Register Configuration
Table 17-1 lists the registers associated with timer A.

Table17-1 Timer A Register Structure

Address Register Symbol R/W Initial Value
$008 Timer mode register A TMA w $0
— Timer counter A TCA — $00
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17.2  Register Descriptions

17.21 Timer Mode Register A (TMA: $008)
HD404318/HD404358/HD404358R Series

TMA isa4-bit write-only register that selects the divisor for prescaler S, which is used asthe
timer A clock source.

TMA isinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0
— TMA2 TMALl | TMAO
Initial value — 0 0 0
Read/Write — w w W
Unused Timer A clock selection
TMA2|TMAL1|TMAO| Input clock period
0 2048 teyc
0 1 1024 teye
0 0 512 teye
! 1 128 teyc
0 32t
T
! 0 4t
1 cyc
1 2 teye

Note: tcyc = fosc/4
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Bits2to 0—Timer A Clock Selection (TMAZ2to TMAOQ): These bits select the timer A clock

source divisor.

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMA2 TMA1l TMAO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 2048 ms 10.24ms 4.096ms 2.048 ms
1 PSS 1024t 10.24 ms 5.12ms 2.048 ms 1.024 ms
1 0 PSS 512t 512ms  2.56 ms 1.024ms 512 ps
1 PSS 128t 1.28 ms 640 ps 256 ps 128 ps
1 0 0 PSS 32t 320 ps 160 ps 64 ps 32 ps
1 PSS 8ty 80 ps 40 ps 16 ps 8 us
1 0 PSS 4ty 40 ps 20 ps 8 us 4 us
1 PSS 2t 20 ps 10 ps 4 us 2 s
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HD404339/HD404369 Series

TMA isa4-bit write-only register that selects the prescaler to be used as the timer A clock source
(PSS or PSW) and the divisor used.

TMA isinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0
TMA3 TMA2 TMAL TMAO

Initial value 0 0 0 0

Read/Write W w w w

Timer A clock selection

TMA3|TMA2| TMAL1|TMAO| Prescaler Input clock period Mode
0 0 PSS 2048 tyo !
0 1 PSS 1024 teyc
0 PSS 512t
1 Sk Free-
0 1 PSS 128 teye running
0 0 PSS 32 teyc timer
. 1 PSS 8 teye mode
1 0 PSS 4 teye
1 PSS 2 teye
0 0 PSW 32 tyeye 2
1 PSW 16 tweyc
0 0 PSW 8t Clock
1 Weye time base
1 1 PSW 2 tweyc mode
0 0 — U2 tyeye
L 1 — Unused
1 * — Clears PSW and TCA

Notes: 1. tcyc = fOSC/4l fOSC/81 fOSC/161 or fosc/32
2. thyc = fxl8

* Don’t care

Bit 3—Timer A Source Prescaler Selection (TMA3): Selects PSS or PSW asthe timer A clock
source.

TMA3 Description
0 PSS is used as the timer A clock source. (initial value)
1 PSW is used as the timer A clock source.
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Bits2to 0—Timer A Clock Selection (TMAZ2to TMAOQ): These bits select the timer A clock
source period. The period selected depends on the combination with TMAS3 as follows.

» Free-running mode
a. System Clock Divisor: 4 (SSR21, SSR20* = 00)

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMA3 TMA2 TMA1l TMAO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 0 PSS 2048t 2048 ms 10.24ms 4.096 ms 2.048 ms
1 PSS 1024t,, 10.24ms 5.12ms 2.048 ms 1.024 ms
1 0 PSS 512t 512ms 256ms 1.024ms 512 ps
1 PSS 128t 1.28ms 640 ps 256 ps 128 ps
1 0 0 PSS 32t 320 ps 160 ps 64 s 32 s
1 PSS 8ty 80 ps 40 us 16 ps 8 us
1 0 PSS 4t 40 ps 20 ps 8 us 4 us
1 PSS 2t 20 ps 10 ps 4 us 2 us

Note: * System clock selection register 2 (SSR2) bits 1 and 0

b. System Clock Divisor: 8 (SSR21, SSR20* = 01)

Description

Input Clock Period

Source fosc=  fosc=  fowc=  fosc=
TMA3 TMA2 TMA1l TMAO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 0 PSS 2048t,, 40.96ms 20.48ms 8.192ms 4.096 ms
1 PSS 1024t,, 20.48 ms 10.24ms 4.096 ms 2.048 ms
1 0 PSS 512t 10.24ms 5.12ms 2.048ms 1.024 ms
1 PSS 128t 256ms 1.28ms 512 ps 256 ps
1 0 0 PSS 32t 640 ps 320 ps 128 ps 64 us
1 PSS 8t 160 ps 80 pus 32 ps 16 ps
1 0 PSS 4t 80 ps 40 us 16 ps 8 us
1 PSS 2t 40 ps 20 ps 8 us 4 us

Note: * System clock selection register 2 (SSR2) bits 1 and 0
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c. System Clock Divisor: 16 (SSR21, SSR20* = 10)

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMA3 TMA2 TMA1l TMAO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 0 PSS 2048t 81.92ms 40.96 ms 16.384 ms 8.192 ms
1 PSS 1024t,. 40.96 ms 20.48 ms 8.192ms 4.096 ms
1 0 PSS 512t 20.48 ms 10.24 ms 4.096 ms 2.048 ms
1 PSS 128t 512ms 256ms 1.024ms 512 ps
1 0 0 PSS 32t 1.28 ms 640 pus 256 s 128 ps
1 PSS 8ty 320 ps 160 ps 64 ps 32 pus
1 0 PSS 4t 160 ps 80 pus 32 pus 16 ps
1 PSS 2t 80 ps 40 ps 16 ps 8 us
Note: * System clock selection register 2 (SSR2) bits 1 and 0
d. System Clock Divisor: 32 (SSR21, SSR20* = 11)
Description
Input Clock Period
Source fosc = fosc = fosc = fosc =
TMA3 TMA2 TMA1l TMAO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 0 PSS 2048t,, 163.84ms 81.92ms 32.768 ms 16.384 ms
1 PSS 1024t,, 81.92ms 40.96 ms 16.384 ms 8.192 ms
1 0 PSS 512t 40.96 ms 20.48ms 8.192ms 4.096 ms
1 PSS 128t 10.24ms 5.12ms 2.048 ms 1.024 ms
1 0 0 PSS 32t 256ms 1.28ms 512us 256 ps
1 PSS 8ty 640 ps 320 ps 128 ps 64 us
1 0 PSS 4t 320 ps 160 ps 64 us 32 ps
1 PSS 2t 160 ps 80 us 32 pus 16 ps
Note: * System clock selection register 2 (SSR2) bits 1 and 0
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* Clock time base mode

Description

Input Clock Period

TMA3 TMA2 TMA1 TMAO  Source Prescaler Symbol f, = 32.768 kHz
1 0 0 0 PSW 32t yeye 7.8125 ms
1 PSW 16t ey, 3.9063 ms
1 0 PSW By 1.9531 ms
1 PSW 2ty 488.28 s
1 0 0 — 12ty 122.07 ps
1 Unused
1 * Clears PSW and TCA.

Note: * Don'’t care

17.22 Timer Counter A (TCA)

TCA isan 8-bit increment-only counter that is incremented by the input internal clock. The input
clock period is selected by the TMA register*. It is not possible to read or write TCA. When TCA
overflows the timer A interrupt request flag (IFTA) isset to 1.

TCA isinitialized to $00 on reset and in stop mode.

Bit 7 6 5 4 3 2 1 0
TCA7 TCAG6 TCA5 TCA4 TCA3 TCA2 TCAl TCAO

Initial value 0 0 0 0 0 0 0 0

Read/Write — — — — — — — —

—— Counter value

Note: * HD404318/HD404358/HD404358R Series
The PSS output is selected by the TMA TMA2 to TMAO bits. The TMA TMA3 bit is
unused. The frequency of the system clock (gpgRr) divided by PSS is fixed at 1/4 the
oscillator frequency (gpgr = fosc/4)-

HD404339/HD404369 Series

The PSS or PSW output is selected by the TMA TMA3 to TMAO bits. The frequency of

the system clock (gpggr) divided by PSS can be selected to be 1/4, 1/8, 1/16, or 1/32 of
the oscillator frequency, i.e., @per = fosc/4, fosc/8, fosc/16, or fosc/32 by system clock
selection register 2 (SSR2). The frequency of the subsystem clock (fy) divided by PSW
is fixed at 1/8 the oscillator frequency (fyy = fx/8).

Writing 111 to bits TMA3 to TMA1 of TMA clears PSW and TCA.
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17.3 Timer A Operation

17.3.1 Free-Running Timer Operation

Timer A can be used as an 8-bit free-running timer.
HD404318/HD404358/HD404358R Series

Timer A isincremented continuously immediately following a reset.

HD404339/HD404369 Series

Timer A operates as a free-running timer when the TMA TMA3 bitisset to 0. Since TCA is
cleared to $00 and TMA3 iscleared to 0 on reset, timer A isincremented continuously
immediately following areset and thus functions as a free-running timer.

TCA cannot be cleared when timer A is operating as afree-running timer, i.e., when the TMA3 bit
isO.

The following describes the free-running timer operation common to the microcomputersin the
HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.

Timer A operates on one of eight internal clocks output from PSS and selected by the TMA
TMAZ2 to TMAO hits.

Timer A overflows on the next clock input after the TCA counter reaches $FF and IFTA is set to
1. A CPU interrupt is generated if the timer A interrupt mask is O at that time. See section 4,
“Exception Handling”, for details on interrupts.

On an overflow, the TCA value returns to $00, and TCA begins to count up once again. Thus
timer A functions as an interval timer that outputs an overflow periodically every 256 input clock
periods.
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17.3.2 Clock Time Base Operation
HD404339/HD404369 Series
When the TMA TMAS3 bit is set to 1 timer A functions as a clock time base.

The TMA TMAZ2 to TMADO bits select the timer A operating clock to be one of five internal
clocks: four clocks output from PSW and a clock that is not modified by PSW.

Clock time base operation generates interrupts with a precise timing by using the 32.768 kHz
crystal oscillator as the base clock.

In clock time base operation (when the TMA3 bit is 1) TCA and PSW can be cleared to $00 by
setting both TMA2 and TMA1to 1.

Clock time base mode is used when switching to and clearing watch and subactive modes. See
section 6, “Low Power Modes’, for details.

174  Interrupts
Thetimer A interrupt source is generated by TCA overflow.

When TCA overflows, IFTA in the interrupt control bit areais setto 1. IFTA is never cleared
automatically, even if the interrupt is accepted. The interrupt handling routine should clear IFTA
to 0.

Thetimer A interrupt can be independently enabled or disabled by IMTA in the interrupt control
bit area. See section 4, “Exception Handling”, for details.

175 Usage Notes

Errorsin the overflow period can occur if the divisor is changed during operation in time base
mode. Do not change the divisor during timer operation.
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Section18 Timer B

18.1 Overview

18.1.1 Features

Timer B is an 8-hit multifunction (free-running/event counter/reload timer/input capture*) timer
with the following features.

Note: * Appliesto the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
Timer B in the HD404344R and HD404394 Series does not support the input capture
function.

HD404344R/HD404394 Series

» Thetimer clock can be selected from one of seven internal clocks (2048t,., 512t,, 128t
32ty Btyyer 4ty @and 2t ), from prescaler S (PSS), or taken from an external event input.

cyer Oleyer Ty

¢ Aninterrupt can be generated on timer counter B (TCB) overflow.

HD404318/HD404358/HD404358R/HD404339/HD404369 Series

» Thetimer clock can be selected from one of seven internal clocks (2048t,, 512t,, 128t
32teyer Bloyer Aoy, @Nd 2t ) from prescaler S (PSS), or taken from an external event input.

¢ Aninterrupt can be generated on timer counter B (TCB) overflow.
e Timer B also supports input capture operation triggered by an external event input.

* Interrupts can be generated on input capture events.
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18.1.2 Block Diagram

Figure 18-1 shows the block diagram for timer B during free-running and reload timer operation.

Timer B interrupt
request flag

(IFTB)
EVNB
(l} Edge detection
logic
DPER
System Timer read
clock register BL
Y (TRBL)
+2 o 4
+4
+8 Timer counter B
Prescaler [~ bl B - ; — 4]
S +32 g (TCBL) (TCBU) a
B o o
(PSS) |+128 . 2 Free- g
+512 running 4 4 =
. o control c
+ 20487 3
Timer write register B =
(TWBL) | (TWBU)
3 :
Timer mode
register B1
(TMB1)
2
Edge detection ]
control Timer mode
N register B2
(TMB2)

<> : Data bus
—= : Clock line

—: Signal line

Figure18-1 Timer B Block Diagram (Free-Running and Reload Timer)
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Figure 18-2 shows the block diagram for timer B during input capture operation. (HD404318,
HD404358, HD404358R, HD404339, and HD404369 Series)

Input capture Input capture Timer B interrupt
status flag error flag request flag
(ICSF) (ICEF) (IFTB)
L Error control logic J
EVNB t
@_ Edge detection l
logic
System JPER
clock Timer read register B
' (TRBL) i (TRBU)
+2 - 4 4
+4
= 8 . ]
Prescaler : -l 5 L Timer c?unterB _ 3
s |72 | % (TCBL) | (TCBU)  [overflow | &
PSS) |+12 o o
(PSS) 8. 3 3
+512 - 3
+2048 | Input capture i=
o timer control
3
Timer mode
register B1
(TMB1)
2
Edge
detection .
control T|m_er mode
N—————  register B2  jfmm
<> : Databus (TMB2)

—m : Clock line

= : Signal line

Figure18-2 Timer B Block Diagram (HD404318, HD404358, HD404358R, HD404339,
and HD404369 Series) (Input Capture Timer)
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18.1.3 Timer B Pins

Table 18-1 lists the timer B pins.

Table18-1 Timer B Pins

Pin Symbol /0 Function
Timer B event input EVNB Input  Timer B event input and input capture timer trigger
input pin*

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
Timer B in the HD404344R and HD404394 Series does not support the input capture
function.

18.1.4 Register Configuration
Table 18-2 lists the registers used by timer B.

Table 18-2 Register Configuration

Address Register Symbol R/W Initial Value
$009 Timer mode register B1 TMB1 w $0

$026 Timer mode register B2 TMB2 w $0

— Timer counter B TCB — $00

$00A Timer write register BL TWBL w $0

$00B Timer write register BU TWBU W Undefined
$00A Timer read register BL TRBL R Undefined
$00B Timer read register BU TRBU R Undefined
$024 Port mode register B PMRB w $0

$021, 0 Input capture status flag* ICSF* R/W* 0

$021, 1 Input capture error flag* ICEF* R/W* 0

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
Timer B in the HD404344R and HD404394 Series does not support the input capture
function.

ICSF and ICEF are allocated in the register flag area and can be manipulated with the RAM
bit manipulation instructions. A value of 1 can be written to these flags to set them, but they
cannot be cleared to 0 by program instructions. See section 2, “Memory”, for details.
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18.2 Register Descriptions

1821 Timer Mode Register B1 (TMB1: $009)

TMB1 isa4-bit write-only register that selects the timer B function (free-running or reload timer)
and the operating clock.

TMB1 is cleared to $0 on reset and in stop mode.

Bit 3 2 1 0

| TMB13 ‘ TMB12 ‘ TMB11 ‘ TMB10 |
Initial value 0 0 0 0
Read/Write w w w w

Timer B clock selection

TMB12|TMB11 | TMB10 Input clock source
o 0 | 2048ty
1 | 5121,
0 L 0 | 1281y,
1| 32ty
o 0 | 8tye
L 1 |4ty
1 0 2 teye
1 EVNB (external event input pin)

Note: Set port mode register B to the values shown below when
the timer B clock is taken from external event input.

HD404344R and HD404394 Series: Set the PMRBO bit to 1.
HD404318, HD404358, HD404358R, HD404339, and HD404369 Series:
Set the PMRB2 bit to 1.

— Timer B function selection

0 | Free-running timer

1 | Reload timer

Bit 3—Timer B Function Selection (TMB13): Selectsthe timer B function.

TMB13 Description
0 Selects the free-running timer function. (initial value)
1 Selects the reload timer function.
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Bits2to 0—Timer B Clock Selection (TMB12 to TMB10): These hits select the timer B input
clock.

» Active mode

HD404344R/HD404394/HD404318/HD404358/HD404358R Series

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMB12 TMB11 TMB10 Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t,, 2048 ms 10.24ms 4.096 ms 2.048 ms
1 PSS 512t 512ms 256ms 1.024ms 512 ps
1 0 PSS 128t 1.28ms 640 us 256 ps 128 ps
1 PSS 32t 320 ps 160 ps 64 ps 32 pus
1 0 0 PSS 8t 80 ps 40 us 16 ps 8 us
1 PSS 4t 40 ps 20 ps 8 us 4 us
1 0 PSS 2t 20 ps 10 ps 4 us 2 pus
1 — External event input (EVNB pin)

HD404339/HD404369 Series
1. System Clock Divisor: 4 (SSR21, SSR20* = 00)

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMB12 TMB11 TMB10 Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 2048 ms 10.24ms 4.096 ms 2.048 ms
1 PSS 512t 512ms 256ms 1.024ms 512 ps
1 0 PSS 128t 1.28ms 640 us 256 ps 128 ps
1 PSS 32t 320 ps 160 ps 64 ps 32 pus
1 0 0 PSS 8ty 80 ps 40 us 16 ps 8 us
1 PSS 4t 40 ps 20 ps 8 us 4 us
1 0 PSS 2t 20 ps 10 ps 4 us 2 pus
1 — External event input (EVNB pin)

Note: * System clock selection register 2 (SSR2) bits 1 and 0
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HD404339/HD404369 Series
2. System Clock Divisor: 8 (SSR21, SSR20* = 01)
Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMB12 TMB11 TMB10 Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 40.96 ms 20.48 ms 8.192ms 4.096 ms
1 PSS 512t 10.24ms 5.12ms 2.048 ms 1.024 ms
1 0 PSS 128t 256ms 1.28ms 512us 256 ps
1 PSS 32t 640 ps 320 ps 128 ps 64 us
1 0 0 PSS 8t 160 ps 80 ps 32 ps 16 ps
1 PSS 4t 80 ps 40 s 16 ps 8 us
1 0 PSS 2t 40 ps 20 ps 8 us 4 us
1 — External event input (EVNB pin)

Note: * System clock selection register 2 (SSR2) bits 1 and 0

3. System Clock Divisor: 16 (SSR21, SSR20* = 10)
Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMB12 TMB11 TMB10 Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t,, 81.92ms 40.96 ms 16.384 ms 8.192 ms
1 PSS 512t 20.48 ms 10.24ms 4.096 ms 2.048 ms
1 0 PSS 128t 512ms 256ms 1.024ms 512 pus
1 PSS 32t 1.28ms 640 us 256 ps 128 ps
1 0 0 PSS 8ty 320 ps 160 ps 64 ps 32 us
1 PSS 4t 160 ps 80 ps 32 ps 16 ps
1 0 PSS 2t 80 us 40 s 16 ps 8 us
1 — External event input (EVNB pin)

Note: * System clock selection register 2 (SSR2) bits 1 and 0
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HD404339/HD404369 Series
4. System Clock Divisor: 32 (SSR21, SSR20* = 11)
Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMB12 TMB11 TMB10 Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t,, 163.84 ms 81.92ms 32.768 ms 16.384 ms
1 PSS 512t 40.96 ms 20.48 ms 8.192ms 4.096 ms
1 0 PSS 128t 10.24ms 5.12ms 2.048ms 1.024 ms
1 PSS 32t 256ms 1.28ms 512 ps 256 ps
1 0 0 PSS 8t 640 ps 320 ps 128 ps 64 ps
1 PSS 4t 320 ps 160 ps 64 ps 32 pus
1 0 PSS 2t 160 ps 80 pus 32 ps 16 ps
1 — External event input (EVNB pin)

Note: * System clock selection register 2 (SSR2) bits 1 and 0

» Subactive mode

HD404339/HD404369 Series
Description

Input Clock Period

f, = 32.768 kHz
(in Subactive Mode)

TMB12 TMB11 TMB10 i?:sr((::eeller Symbol SSR12* =0 SSR12* =1
0 0 0 PSS 2048t 500 ms 250 ms
1 PSS 512t 125 ms 62.5 ms
1 0 PSS 128t 31.25 ms 15.625 ms
1 PSS 32t 7.8125 ms 3.9063 ms
1 0 0 PSS By 1.9531 ms 976.56 ps
1 PSS 4ty 976.56 ps 488.28 ps
1 0 PSS 2t,, 488.28 s 244.14 ps
1 PSS — External event input (EVNB pin)

Note: * System clock selection register 1 (SSR1) bit 2
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18.22 Timer Mode Register B2 (TMB2: $026)

TMB2 is a 3-bit write-only register that selects the input capture function and the EVNB pin input
edge detection type.

TMB2 isinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0

— TMB22* | TMB21 | TMB20
Initial value 0 0 0
Read/Write — W W w

EVNB pin edge detection selection
TMB21 | TMB20 EVNB pin edge detection

0 No detection
0 1 Falling edge detection
0 Rising edge detection
! 1 Falling/rising edge pair detection

— Input capture setting*

0 | Free-running/reload timer

1 | Input capture timer

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
TMB22 is unused in the HD404344R and HD404394 Series.

Bit 2—Input Capture Setting (TMB22)
HD404318/HD404358/HD404358R/HD404339/HD404369 Series

Selects the timer B function. When this bit is 0, the TMB1 TMB13 bit selects either the free-
running timer or the reload timer function.

TMB22 Description
0 Selects the free-running/reload timer function. (initial value)
1 Selects the input capture timer function.
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Bits 1 and 0—EVNB Pin Edge Detection Selection (TMB21, TM B20)

TMB21 TMB20 Description

0 0 No edges are detected on the EVNB pin input. (initial value)
1 Falling edges are detected on the EVNB pin input.
1 0 Rising edges are detected on the EVNB pin input.
1 Falling/rising edge pairs are detected on the EVNB pin input.
18.2.3 Timer Counter B (TCB)
TCB isan 8-hit up counter that isincremented by the input internal clock.
Bit 7 6 5 4 3 2 1 0
TCB7 | TCB6 | TCB5 TCB4 | TCB3 | TCB2 TCB1 | TCBO
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

— Counter value

The TCB input clock is selected by the TMB1 TMB12 to TMB10 hits.

Thevaluein TCB can be read by reading out the TRBL/U pair, and TCB can be written by writing

to the TWBL/U pair.

Thetimer B interrupt request flag (IFTB) is set to 1 when TCB overflows.

If the free-running timer function is selected for timer B (TMB13 = 0) at thistime, TCB will be
cleared to $00 and start to count again. If the reload timer function is selected for timer B
(TMB13 = 1), the value in the TWBL/U pair will be written to TCB and TCB will start counting

from that value.

TCB isinitialized to $00 on reset and in stop mode.
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18.24 Timer Write Register TWBL/U (TWBL: $00A, TWBU: $00B)

The TWBL/U pair form an 8-hit write-only register in which TWBL isthe upper digit and TWBU
isthe lower digit. The TWBL/U pair is used to set the initial value of TCB, i.e., to set the reload
value in reload operation.

Bit 3 2 1 0
TWBU TWBU3 | TWBU2 | TWBU1 | TWBUO
Initial value Undefined Undefined Undefined Undefined
Read/Write w W w w
Bit 3 2 1 0
TWBL TWBL3 | TWBL2 | TWBL1 | TWBLO
Initial value 0 0 0 0
Read/Write W W w W

Data must be written in the order TWBL first and then TWBU. When TWBL is written, the value
in TCB does not change. Next, when TWBU iswritten, the value in TWBU istransferred to the
upper digit of TCB and the value in TWBL istransferred to the lower digit of TCB.

When the TWBL/U pair is being written for the second or later time and there is no need to
change the TWBL reload value, timer B can be initialized by writing only TWBU.

TWBL isinitialized to $0 and TWBU is undefined on reset and in stop mode.
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18.25 Timer Read Register TRBL/U (TRBL: $00A, TRBU: $00B)

The TRBL/U pair form an 8-hit read-only register in which TRBL and TRBU directly read out the
upper and lower digits respectively of TCB in timer B operating modes other than input capture
operation*. That is, the TRBL/U pair is used to read out the value in TCB.

Note: * Appliesto the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
Timer B in the HD404344R and HD404394 Series does not support the input capture

function.

Bit 3 2 1 0

TRBU TRBU3 | TRBU2 | TRBU1 | TRBUO
Initial value Undefined Undefined Undefined Undefined
Read/Write R R R R
Bit 3 2 1 0

TRBL TRBL3 | TRBL2 | TRBL1 | TRBLO
Initial value Undefined Undefined Undefined Undefined
Read/Write R R R R

Data must be read in the order TRBU first and then TRBL. When TRBU is read out, the current
value of the upper digit in TCB isreturned and at the same time the value of the lower digit is
latched into TRBL. Then, reading out the value in TRBL returns that latched value. This means
that the exact value of TCB at the point TRBU was read is acquired.

In input capture operation in HD404318, HD404358, HD404358R, HD404339, and HD404369
Series microcomputers, TRBL and TRBU form an 8-hit register that latches the value in TCB, and
can beread in any order.

TRBL and TRBU are undefined on reset and in stop mode.
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18.2.6 Port Mode Register B (PMRB: $024)

HD404344R/HD404394 Series

PMRB is a 2-hit write-only register whose PMRBO bit switches an I/O pin for use as an event
counter.

This section describes the PMRBO hit. See the “ Port Mode Register B” item in sections 7 and 8,
“1/0O Ports’, for details on the switching performed by the PMRB3 hit.

Bit 3 2 1 0
PMRB3 — — PMRBO
Initial value 0 — — 0
Read/Write w — — w
Unused L Dy/INTG/EVNB pin function switch

0 | Dg I/O pin
1 | INTG/EVNB input pin

'— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 0—D,/INT/EVNB Pin Function Switch (PMRBO0): Selects whether the Dy/INT /EVNB pin
functions as the DO 1/0 pin or as the external interrupt O/timer B event (INT /JEVNB) input pin.

PMRBO Description
0 The D,/INT,/EVNB pin functions as the D, I/O pin. (initial value)
1 The DO/INT,/EVNB pin functions as the INT/EVNB input pin.

Set the PMRBO hit to 1 when this pin is to be used as the EVNB pin. Also, set the TMB1 TMB12
to TMB10 bitsto 111, and select the edge detection type with the TMB2 TMB21 and TMB20 bits.
Note that the INT , interrupt should normally be masked at this time. See section 18.2.1, “ Timer
Mode Register B1 (TMB1)”, for more details.
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HD404318/HD404358/HD404358R/HD404339/HD 404369 Series

PMRB isa4-bit write-only register whose PMRB2 hit switches an 1/0 pin to be used for event
counting or input capture.

This section describes the PMRB2 hit. See the “ Port Mode Register” itemsin sections 9 to 12,
“1/0O Ports’, for details on the switching performed by the PMRB3, PMRB1, and PMRBO hits.

Bit 3 2 1 0
PMRB3 | PMRB2 | PMRB1 | PMRBO

Initial value 0 0 0 0

Read/Write w w W w

— Dgf/INT¢ pin function switch
0 | Dg I/O pin
1 | INTq input pin

— D4/INT; pin function switch
0 | D4 I/O pin
1 | INTq input pin

— D,/EVNB pin function switch
0 | D, I/O pin
1 | EVNB input pin

— D4/STOPC pin function switch
0 | D4 /O pin
1 | STOPC input pin

Bit 2—D,/EVNB Pin Function Switch (PMRB2): Selects whether the D,/EVNB pin functions as
the D, I/O pin or asthe timer B event input pin (EVNB).

PMRB2 Description
0 The D,/EVNB pin functions as the D, 1/O pin. (initial value)
1 The D,/EVNB pin functions as the EVNB input pin.

Set the PMRBO bit to 1 when this pin is to be used as the EVNB pin. Also, set the TMB1 TMB12
to TMB10 bitsto 111, and select the edge detection type with the TMB2 TMB21 and TMB20 bits.
See section 18.2.1, “Timer Mode Register B1 (TMBL1)”, for more details.
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18.2.7 Input Capture Status Flag (ICSF: $021, 0)
HD404318/HD404358/HD404358R/HD404339/HD404369 Series

ICSFis set to 1 when the edge specified by bits TMB21 to TMB20 is detected on the EVNB pin
in input capture operation, i.e., when TMB22 is set to 1.

| CSF can be read and written (only 0 can be written) only by the RAM bit manipulation
instructions.

ICSFiscleared to 0 on reset and in stop mode.

ICSF Description
0 Indicates that no edge was detected in the input capture trigger input (EVNB).

(initial value)
1 Indicates that an edge was detected in the input capture trigger input (EVNB).

18.2.8 Input CaptureError Flag (ICEF: $021, 1)
HD404318/HD404358/HD404358R/HD404339/HD404369 Series

ICEF isset to 1 if the next input capture event is detected when ICSF isset to 1, or if TCB
overflows when ICSF is set to 1.

| CEF can be read and written (only 0 can be written) only by the RAM bit manipulation
instructions.

ICEF is cleared to 0 on reset and in stop mode.

ICEF Description
0 Indicates that no input capture operating error has occurred. (initial value)
1 Indicates that either the next input capture trigger was detected with ICSF = 1, or

that TCB overflowed with ICSF = 1.
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18.3 Timer B Operation

Timer B is an 8-bit multifunction timer. Table 18-3 lists the functions supported for each seriesin
the HMCS43X X family. The functions are selected by timer mode register B.

Table18-3 Timer B Functions

Series
HD404318/HD404358/HD404358R/
Function HD404344R/HD404394 HD404339/HD404369
Free-running timer O O
Reload timer O O
External event counter O O
Input capture timer — O

18.3.1 Free-Running Timer
Timer B can be used as an 8-bit free-running timer.

When the TMB TMB22* bit is 0 and furthermore the TMB1 TMB13 bit is O, timer B operates as
an 8-bit free-running timer.

Since TCB is cleared to $00 and the TMB22* and TMB13 bits are cleared to 0 on reset, timer B is
incremented continuously as a free-running timer immediately following areset. The timer B
operating clock is selected by TMB TMB12 to TMB10 to be one of seven internal clocks output
from PSS.

Note: * Appliesto the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
This bit is unused in the HD404344R and HD404394 Series.

On the clock input after the count value in TCB reaches $FF, timer B overflows and IFTB is set to
1. If the timer B interrupt mask (IMTB) is O at thistime, a CPU interrupt is generated. See section
4, “Exception Handling”, for details on interrupts.

On an overflow, the TCB count returns to $00 and timer B begins to count again.
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18.3.2 Reload Timer Operation

When the TMB TMB22* bit is 0 and furthermorethe TMB1 TMB13 bit is 1, timer B operates as
an 8-bit reload timer. When areload value is loaded into the TWBL/U pair, that value is loaded
into TCB and timer B begins to count up from that value.

On the clock input after the count value in TCB reaches $FF, timer B overflows, the value in the
TWBL/U pair isloaded into TCB, and timer B continues counting from that value. This means
that the timer B overflow period can be set to be any value in the range 1 to 256 times the input
clock period.

The operating clock and interrupt operation during reload timer operation are identical to those for
free-running timer operation.

When anew reload value isloaded into the TWBL/U pair that value isimmediately written to
TCB.

Note: * Appliesto the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
The TMB22 hit is unused in the HD404344R and HD404394 Series.
18.3.3 External Event Counter Operation

When the TMB1 TMB12 to TMB10 bits are set to 111, TCB isincremented by the EVNB pin
input signal edges specified by the TMB21 and TMB20 bits.

Other aspects of timer B operation in this mode are identical to either free-running or reload timer
operation depending on the setting of the TMB1 TMB13 hit.

18.34 Input Capture Timer Operation

HD404318/HD404358/HD404358R/HD404339/HD404369 Series

Theinput capture timer function measures the period between EVNB input pin edge detection
events. An internal clock must be selected as the TCB operating clock when timer B is used as an
input capture timer.

Timer B operates as an input capture timer when the TMB2 TMB22 hit isset to 1. TCB will be
cleared to $00 at that point.

The TMB2 TMB21 and TMB20 bits select the edge detection event type, which can be either a
falling edge, arising edge, or afalling/rising edge pair on the EVNB input pin.

When an edge is detected on the EVNB pin, the value of TCB at that time iswritten to the
TRBL/U pair and IFTB and ICSF are both set to 1. At the same time TCB is cleared to $00 and
continues to count up from $00.

ICEF isset to 1 if the next edge is detected when ICSFis set to 1 or if TCB overflows.

417
HITACHI



When timer B is used as an input capture timer (when the TMB22 bit is 1) TRBL and TRBU can
beread in any order. (Seefigure 18-2.)

18.4  Interrupts

Timer B interrupts are generated on TCB overflow and on EVNB pin edge detections during input
capture timer operation*.

When an interrupt is generated, IFTB in the interrupt control bit areais set to 1.

Timer B in the HD404344R and HD404394 Series does not support the input capture function.
IFTB is never cleared automatically, even if the interrupt is accepted. The interrupt handling
routine should clear IFTB to 0.

Thetimer B interrupt can be independently enabled or disabled by IMTB in the interrupt control
bit area.

Note: * Appliesto the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
Timer B in the HD404344R and HD404394 Series does not support the input capture
function.

18,5 Usage Notes
Keep the following points in mind when using timer B.

» Besureto write TWBL first and then TWBU when using the TWBL/U pair to set the TCB
reload value or to initialize TCB. The value in the TWBL/U pair is written to TCB at the point
that TWBU iswritten. Thus if TWBL has been set and only the value in the upper digit isto be
changed, it is only necessary to write TWBU.

» Besuretoread TRBU first and then TRBL when reading the TCB value using the TRBL/U
pair. The valuein the lower digit of TCB islatched into TRBL when TRBU isread. Thus
reading TRBL returns the value of the TCB lower digit at the point TRBU was last read.
However, the TRBL/U pair can be read in any order during input capture timer operation.

*  When changing the value of TMBL1, the new value becomes valid two instructions after the
execution of the instruction that wrote TMB1. Therefore it is necessary for programs that
initialize timer B (set the reload value or initialize TCB) by writing to the TWBL/U pair to
perform thisinitialization only after the mode changed by TMB1 has become valid.

*  When detection of falling/rising edge pairs on the EVNB pin is selected by the TMB2 setting,
the falling edge and the rising edge must be separated by at least 2t
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Section19 Timer C

19.1 Oveview

19.1.1 Features

Timer C isan 8-hit multifunction timer (free-running/rel oad timer) with the following features.

The timer clock can be selected from one of eight internal clocks (2048t 1024t,,., 512t
128t e, 321y, Btoye Aty N 2t,), from prescaler S (PSS).

cycy cycr CyC? cyc?

Timer C can be used as awatchdog timer.
Timer C can be used to generate waveform (PWM) output.

An interrupt can be generated on timer counter C (TCC) overflow.
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19.1.2

Block Diagram

Figure 19-1 shows the block diagram for timer C.

System reset signal
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Watchdog on flag ] interrupt
(WDON) Watchdog timer request flag
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TOC :
Timer output
@« control logic
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+4 4
+8 -
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Prescaler| ™ 32 - g > (TCCL) H (TCCu)
(PSS) |+128 <@
- Free-
+512 o i
> running/ 4 4
+1024 reload
] 2048‘ control
i »- Timer write register C
(TWCL) (TWCU)
3
Timer mode
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Timer output
control Port mode
register A
(PMRA)
<> :Databus

— = : Clock line

- Signal line

Internal data bus
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19.1.3

Timer C Pins

Table 19-1 lists the timer C pins.

Table19-1 Timer C Pins

Pin Symbol I/0 Function
Timer C output TOC Output Timer C output pin
19.1.4 Register Configuration

Table 19-2 lists the registers used by timer C.

Table19-2 Register Configuration

Address Register Symbol R/W Initial Value
$00D Timer mode register C T™MC w $0

$004 Port mode register A PMRA w $0

— Timer counter C TCC — $00

$00E Timer write register CL TWCL w $0

$00F Timer write register CU TWCU w Undefined
$00E Timer read register CL TRCL R Undefined
$00F Timer read register CU TRCU R Undefined
$020, 1 Watchdog on flag WDON* R/W* 0

Note: * WDON is allocated in the register flag area and can be manipulated only with the RAM bit
manipulation instructions. A value of 1 can be written to set this flag, but it cannot be

cleared to 0 by program instructions. See section 2, “Memory”, for details.
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19.2 Register Descriptions

19.21 Timer Mode Register C (TMC: $00D)

TMC isa4-bit write-only register that selects the timer C function (free-running or reload timer)

and the operating clock.

TMC is cleared to $0 on reset and in stop mode.

Bit 3 2 1 0
TMC3 | TMC2 | TMC1 | TMCO
Initial value 0 0 0 0
Read/Write w W W w
Timer C clock selection
TMC2 | TMC1 | TMCO Input clock cource
0 0 2048 teyc
0 1 1024 teyc
1 0 512 teye
1 128 teyc
0 0 32 teye
1 1 8 teye
1 0 4 toye
1 2 teye
'— Timer C function selection
0 | Free-running timer
1 | Reload timer

Bit 3—Timer C Function Selection (TMC3): Selectsthe timer C function.

TMC3 Description

0 Selects the free-running timer function. (initial value)
1 Selects the reload timer function.
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Bits2to 0—Timer C Clock Selection (TMC2to TMCO0): These bits select the timer C input

clock.

¢ Active mode

HD404344R/HD404394/HD404318/HD404358/HD404358R Series
Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMC2 TMC1 TMCO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 20.48 ms 10.24ms 4.096ms 2.048 ms
1 PSS 1024t 10.24 ms 5.12ms 2.048 ms 1.024 ms
1 0 PSS 512t 5.12 ms 2.56 ms 1.024 ms 512 ps
1 PSS 128t 1.28 ms 640 ps 256 ps 128 us
1 0 0 PSS 32t 320 ps 160 ps 64 ps 32 pus
1 PSS 8ty 80 ps 40 ps 16 ps 8 us
1 0 PSS 4t 40 ps 20 ps 8 us 4 us
1 PSS 2t 20 ps 10 ps 4 pus 2 s
HD404339/HD404369 Series
1. System Clock Divisor: 4 (SSR21, SSR20* = 00)
Description
Input Clock Period
Source fosc = fosc = fosc = fosc =
TMC2 TMC1 TMCO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 2048 ms 10.24ms 4.096 ms 2.048 ms
1 PSS 1024t 10.24ms 5.12ms 2.048ms 1.024 ms
1 0 PSS 512t 5.12 ms 2.56 ms 1.024 ms 512 ps
1 PSS 128t 1.28 ms 640 ps 256 ps 128 ps
1 0 0 PSS 32t,, 320 ps 160 ps 64 ps 32 us
1 PSS 8ty 80 ps 40 ps 16 ps 8 us
1 0 PSS 4ty 40 ps 20 ps 8 us 4 pus
1 PSS 2t 20 ps 10 ps 4 us 2 us

Note: * System clock selection register 2 (SSR2) bits 1 and 0
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HD404339/HD404369 Series
2. System Clock Divisor: 8 (SSR21, SSR20* = 01)
Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMC2 TMC1 TMCO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 40.96 ms 20.48ms 8.192ms 4.096 ms
1 PSS 1024t 20.48 ms 10.24ms 4.096ms 2.048 ms
1 0 PSS 512t 10.24 ms 5.12ms 2.048 ms 1.024 ms
1 PSS 128t 2.56 ms 128ms 512 ps 256 ps
1 0 0 PSS 32t,,. 640 ps 320 ps 128 ps 64 us
1 PSS 8ty 160 ps 80 ps 32 ps 16 ps
1 0 PSS 4t 80 ps 40 ps 16 ps 8 us
1 PSS 2t 40 ps 20 ps 8 us 4 ps
Note: * System clock selection register 2 (SSR2) bits 1 and 0
3. System Clock Divisor: 16 (SSR21, SSR20* = 10)
Description
Input Clock Period
Source fosc = fosc = fosc = fosc =
TMC2 TMCl1 TMCO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 81.92ms 40.96ms 16.384 ms 8.192 ms
1 PSS 1024t 40.96 ms 20.48ms 8.192ms 4.096 ms
1 0 PSS 512t,,. 20.48 ms 10.24ms 4.096ms 2.048 ms
1 PSS 128t 512ms 256 ms 1.024 ms 512 ps
1 0 0 PSS 32t 1.28 ms 640 ps 256 ps 128 ps
1 PSS 8ty 320 ps 160 ps 64 us 32 ps
1 0 PSS 4ty 160 ps 80 ps 32 ps 16 ps
1 PSS 2t 80 us 40 ps 16 ps 8 us

Note: * System clock selection register 2 (SSR2) bits 1 and 0
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HD404339/HD404369 Series

4. System Clock Divisor: 32 (SSR21, SSR20* = 11)

Description

Input Clock Period

Source fosc = fosc = fosc = fosc =
TMC2 TMC1 TMCO Prescaler Symbol 400kHz 800kHz 2 MHz 4 MHz
0 0 0 PSS 2048t 163.84 ms 81.92ms 32.768 ms 16.384 ms
1 PSS 1024t,, 81.92ms 40.96ms 16.384ms 8.192 ms
1 0 PSS 512t 4096 ms 20.48ms 8.192ms 4.096 ms
1 PSS 128t,,. 10.24 ms 5.12ms 2.048 ms 1.024 ms
1 0 0 PSS 32t 2.56 ms 1.28ms 512 ps 256 ps
1 PSS 8ty 640 ps 320 ps 128 us 64 ps
1 0 PSS 4ty 320 ps 160 ps 64 ps 32 pus
1 PSS 2t 160 ps 80 ps 32 ps 16 ps

Note: * System clock selection register 2 (SSR2) bits 1 and 0

¢ Subactive mode

HD404339/HD404369 Series

Description

Input Clock Period

f, = 32.768 kHz

Source
TMC2 TMC1 TMCO Prescaler Symbol SSR12* =0 SSR12* =1
0 0 0 PSS 2048t 500 ms 250 ms
1 PSS 1024t 250 ms 125 ms
1 0 PSS 512t 125 ms 62.5 ms
1 PSS 128t 31.25ms 15.625 ms
1 0 0 PSS 32t 7.8125 ms 3.9063 ms
1 PSS 8ty 1.9531 ms 976.56 ps
1 0 PSS 4t 976.56 us 488.28 ps
1 PSS 2t 488.28 ps 24414 ps
Note: * System clock selection register 1 (SSR1) bit 2
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19.22 Port Mode Register A (PMRA: $004)

PMRA is a4-bit write-only register whose PMRA2 hit switches the RO,/TOC pin function. This
section describes the PMRA2 bit. See sections 20.2.4 and 21.2.1, “ Port Mode Register A
(PMRA)”, for details on the PMRA3, PMRA1, and PMRAQO bits.

Bit 3 2 1 0
PMRA3* | PMRA2 | PMRA1 | PMRAO

Initial value 0 0 0 0

Read/Write W W% w w

— R0,/SO pin function switch
0 | RO, I/O pin
1| SO output pin

'— R04/SI pin function switch
0 | RO4 I/O pin
1| Slinput pin

— RO03/TOC pin function switch
0 | RO31/O pin
1| TOC output pin

— D3/BUZZ pin function switch*
0 | D3 I/O pin
1 | BUZZ output pin

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
The PMRAS3 bit is unused in the HD404344R and HD404394 Series.

Bit 2—R0,/TOC Pin Function Switch (PMRA?2): Selects whether the RO,/TOC pin functions as
the RO, 1/O pin or asthe timer C output pin (TOC).

PMRA2 Description

0 The RO,/TOC pin functions as the RO, 1/O pin. (initial value)
1 The R0O,/TOC pin functions as the TOC output pin.
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19.23 Timer Counter C (TCC)

TCC isan 8-hit up counter that isincremented by the input internal clock.

Bit 7 6 5 4 3 2 1 0
TCC7 | TCC6 | TCC5 TCC4 | TCC3 | TCC2 TCC1 | TCCO

Initial value 0 0 0 0 0 0 0 0

Read/Write — — — — — — — —

—— Counter value

The TCC input clock is selected by the TMC TMC2 to TMCO bits.

Thevalue in TCC can be read by reading out the TRCL/U pair, and TCC can be written by writing

to the TWCL/U pair.

Thetimer C interrupt request flag (IFTC) is set to 1 when TCC overflows.

If the free-running timer function is selected for timer C (TMC3 = 0) at thistime, TCC will be
cleared to $00 and start to count again. If the reload timer function is selected for timer C
(TMC3=1), thevaluein the TWCL/U pair will be written to TCC and TCC will start counting

from that value.

TCCisinitialized to $00 on reset and in stop mode.
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19.24 Timer Write Register TWCL/U (TWCL: $00E, TWCU: $00F)

The TWCL/U pair form an 8-hit write-only register in which TWCL isthe lower digit and TWCU
is the upper digit. The TWCL/U pair is used to set theinitial value of TCC, i.e., to set the reload
value in reload operation.

Bit 3 2 1 0
TWCU TWCU3 | TWCU2 | TWCU1 | TWCUO
Initial value Undefined Undefined Undefined Undefined
Read/Write w w w w
Bit 3 2 1 0
TWCL TWCL3 | TWCL2 | TWCL1 | TWCLO
Initial value 0 0 0 0
Read/Write w w w w

Data must be written in the order TWCL first and then TWCU. When TWCL iswritten, the value
in TCC does not change. Next, when TWCU iswritten, the value in TWCU istransferred to the
upper digit of TCC and the value in TWCL istransferred to the lower digit of TCC.

When the TWCL/U pair is being written for the second or later time and there is no need to
change the TWCL reload value, timer C can be initialized by writing only TWCU.

TWCL isinitialized to $0 and TWCU is undefined on reset and in stop mode.
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1925 Timer Read Register TRCL/U (TRCL: $00E, TRCU: $00F)

The TRCL/U pair form an 8-hit read-only register in which TRCL and TRCU directly read out the
lower and upper digits respectively of TCC. That is, the TRCL/U pair is used to read out the value

in TCC.

Bit

TRCU
Initial value
Read/Write

Bit

TRCL
Initial value
Read/Write

3

2

1

0

TRCUS

TRCU2

TRCU1

TRCUO

Undefined Undefined Undefined Undefined

R

3

R

2

R

1

R

0

TRCL3

TRCL2

TRCL1

TRCLO

Undefined Undefined Undefined Undefined

R

R

R

R

Data must be read in the order TRCU first and then TRCL. When TRCU isread out, the current

value of the upper digit in TCC isreturned and at the same time the value of the lower digit is

latched into TRCL. Then, reading out the value in TRCL returns that latched value. This means
that the exact value of TCC at the point TRCU was read is acquired.

TRCL and TRCU are undefined on reset and in stop mode.
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19.26 Watchdog On Flag (WDON: $020, 1)

WDON selects whether timer C functions as awatchdog timer. WDON is allocated in the register
flag area and can only by manipulated by the RAM bit manipulation instructions. Only avalue of
1 can be written to this flag. It cannot be cleared to 0 by program instructions.

WDON iscleared to 0 on reset and in stop mode.

WDON Description
0 Timer C functions normally. (initial value)
1 Timer C functions as a watchdog timer. When timer C overflows the system goes to

the reset state and reset exception handling begins.
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19.3 Timer C Operation
Timer C is an 8-hit multifunction timer with the following functions.

¢ Free-running timer
¢ Reload timer

* PWM output

e Watchdog timer

19.3.1  Free-Running Timer Operation
When the TMC TMC3 bit is O, timer C operates as an 8-bit free-running timer.

Since TCCis cleared to $00 and the TMC3 bhit is cleared to 0 on reset, timer C is incremented
continuously as a free-running timer immediately following areset. The timer C operating clock is
selected by TMC TMC2 to TMCO to be one of eight internal clocks output from PSS.

On the clock input after the count value in TCC reaches $FF, timer C overflowsand IFTC is set to
1. If thetimer C interrupt mask (IMTC) is0 at thistime, a CPU interrupt is generated. See section
4, “Exception Handling”, for details on interrupts.

On an overflow, the TCC count returns to $00 and timer C begins to count again.

19.3.2 Reload Timer Operation

When the TMC TMC3 bit is 1, timer C operates as an 8-bit reload timer. When areload valueis
loaded into the TWCL/U pair, that value isloaded into TCC and timer C begins to count up from
that value.

On the clock input after the count value in TCC reaches $FF, timer C overflows, the value in the
TWCL/U pair isloaded into TCC, and timer C continues counting from that value. This means
that the timer C overflow period can be set to be any value in the range 1 to 256 times the input
clock period.

The operating clock and interrupt operation during reload timer operation are identical to those for
free-running timer operation.

When anew reload value is loaded into the TWCL/U pair that value isimmediately written to
TCC.
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19.3.3 PWM Output Operation

When the PMRA PMRA?2 hit is set to 1, the RO,/TOC pin functions as the TOC output pin and
timer C generates a PWM output signal.

PWM output operation is a function that generates a variable duty pulse output. The output
waveform is controlled by the contents of TMC and the TWCL/U pair as shown in figure 19-2.

T x (N +1)

TMC3 =0
(free-running timer)

T x 256
- -

TMC3 =1
(reload timer)

T x (256 — N) ‘

Note: T: The period of the timer counter C (TCC) input clock. Controlled by timer mode
register C.
N: The value in the TWCL/U pair. When N is 255 the PWM output will be a constant
low level signal.

Figure19-2 PWM Output Waveform

19.34 Watchdog Timer Operation

When WDON isset to 1 timer C functions as a watchdog timer. A watchdog timer is used to
detect program runaway.

In watchdog timer operation, when timer C overflows the system goes to the reset state and reset
exception handling begins. Therefore, the application program must reset TCC before its value
becomes $FF so that overflows do not occur in normal operation.

432
HITACHI




194  Interrupts

Thetimer Cinterrupt is generated on TCC overflow.

When TCC overflows, IFTC in the interrupt control bit areaissetto 1. IFTC is never cleared
automatically, even if the interrupt is accepted. The interrupt handling routine should clear IFTC
to 0.

Thetimer C interrupt can be independently enabled or disabled by IMTC in the interrupt control
bit area.

195 Usage Notes

Keep the following points in mind when using timer C.

L]

Be sureto write TWCL first and then TWCU when using the TWCL/U pair to initialize TCC.
The value in the TWCL/U pair is written to TCC at the point that TWCU iswritten. Thusif
TWCL has been set and only the value in the upper digit isto be changed, it is only necessary
to write TWCU.

However, when using PWM output with the reload timer setting (i.e., with the PMRA?2 bit set
to 1 and the TMC3 hit set to 0) in HD404358, HD404358R, and HD404369 Series
microcomputers, after the TWCL/U pair has been written, the contents of the TWCL/U pair
are written to TCC when TCC overflows. Also, if only the upper digit needs to be changed,
first write TWCL and then write TWCU.

Be sureto read TRCU first and then TRCL when reading the TCC value using the TRCL/U
pair. The valuein the lower digit of TCC islatched into TRCL when TRCU isread. Thus
reading TRCL returns the value of the TCC lower digit at the point TRCU was last read.

When changing the value of TMC, the new value becomes valid two instructions after the
execution of the instruction that wrote TMC. Thereforeit is necessary for programs that
initialize timer C (set the reload value or initialize TCC) by writing to the TWCL/U pair to
perform thisinitialization only after the mode changed by TMC has become valid.

Keep the following points in mind when using the timer output as PWM output.

In PWM output mode, the duty and the period between the point when the timer write register
is updated and the point when the next overflow interrupt is generated differ from the set
values as shown in table 19-3.

Therefore, when using PWM output, only use the output following the overflow interrupt
generated after the timer write register was updated. The PWM output following the first
overflow will have the duty and period specified by the settings.
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Table19-3 PWM Output Immediately Following Timer Write Register Update

Mode

PWM Output

Timer Write Register Updated
during High Level Output

Timer Write Register Updated
during Low Level Output

Free-running

Timer write Timer write
(HD404344R, register update  Interrupt request register update  Interrupt request
H D404394, (set value: N) generated (set value: N) generated
HD404318, ;
HD404339 ‘ —
Series) 1
Tx(N'+1)
IX(255—QJX(N+11 ATX(ZSS_N);IX(N-‘-D‘
I
Reload - ) - ,
] imer write imer write
(all series) register update  Interrupt request register update  Interrupt request
(setvalue:N)  generated (set value: N) generated
Ll
T Tx(255-N) T T % (255 - N) T
- - | | - -l -
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Section 20 Serid Interface

20.1 Overview

The HMCS43X X microcomputers include a built-in single-channel serial interface. This seria
interface is a built-in peripheral module that implements serial data communication with other
LSIs. In particular, this seria interface implements 8-bit clock synchronous communication.

20.1.1 Features
The serial interface has the following features.

e The clock source can be selected from one of 13 internal clocks: either the system clock or one
of the prescaler S (PSS*) outputs divided by 2 or 4. Alternatively, an external clock can be
used as the clock source.

« During idle periods, the transfer output pin can be set to either high or low.
e Interrupts can be generated on transfer complete and transfer errors.

Note: * See section 16, “Prescaers’, for details.
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20.1.2

Block Diagram

Figure 20-1 shows the block diagram of the serial interface.

Octal counter

Serial interrupt
request flag
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SO ( : )_ Idle control
logic
Serial data
AT 1/0 control Clock "
SCK ‘7{} : - register
. logic (SRL, SRU)
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System BPER N g
clock = g
S o
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n =8 N 8
& 732 5 =
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—» : Clock line
= Signal line

R

Serial mode
register
(SMR)

1

Port mode
register
(PMRC)

Internal data bus
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20.1.3 Serial Interface Pins

Table 20-1 lists the pins used by the seria interface.

Table20-1 Serial Interface Pins

Pin Symbol I/0 Function

Serial clock I/O SCK I/0 Transfer clock input and output
Serial reception data input Input Serial reception data input
Serial transmission data output Output Serial transmission data output

20.1.4 Register Configuration

Table 20-2 lists the registers used by the serial interface.

Table20-2 Register Configuration

Address Register Symbol R/W Initial Value
$005 Serial mode register SMR W $0
$006 Serial data register L SRL R/W Undefined
$007 Serial data register U SRU R/W Undefined

Octal counter ocC — 000
$004 Port mode register A PMRA w $0
$025 Port mode register C PMRC w 00-0
$00C Miscellaneous register MIS w $0
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20.2 Register Descriptions

20.2.1 Serial Mode Register (SMR: $005)

SMR isa4-bit write-only register that switches the R port and serial clock pin function, selects the
transfer clock, and controls serial interface initialization.

The serial interface isinitialized by write operations to the SMR. Clock supply to the serial data
register and the octal counter stops and the octal counter is cleared to O.

If aprogram writesto SMR during a data transfer, the data transmission or reception is aborted
and the serial interrupt request flagisset to 1.

SMRisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0
SMR3 | SMR2 | SMR1 | SMRO
Initial value 0 0 0 0
Read/Write W W W w
Transfer clock selection
SMR2 | SMR1 | SMRO | SCK pin | Clock source | Prescaler divisor*
0 0 Output | PSS Bper/2048
0 1 Output | PSS @per/512
1 0 Output | PSS PpeR/128
1 Output | PSS BpER/32
0 0 Output PSS ﬂpER/S
1 1 Output PSS ﬂpER/Z
1 0 Output | Systemclock | Zpgr
1 Input External clock | —
— R0y/SCK pin function switch
0 | RO port I/O pin
1 | SCK clock I/O pin

Note: * The transfer clock divisor is determined by the combination of the prescaler divisor
set by the SMR2 to SMRO bits and the prescaler output divisor (2 or 4) set by the
PMRC PMRCO bit.
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Bit 3—R0/SCK Pin Function Switch (SMR3): Selects whether the RO/SCK pin functions as
the RO, I/O pin or asthe seria interface transfer clock 1/0 pin.

SMR3 Description
0 The RO,/SCK pin functions as the R0, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK I/O pin.

Bits2to O—Transfer Clock Selection (SMR2to SMRO, PMRCO): These bits select the serial
interface transfer clock source to be either an external clock, the system clock, or aprescaler S
(PSS) output. If PSS output is selected, the PMRC PMRCO bit selects whether the PSS output will
be divided by 2 or 4.

Transfer  Transfer Clock Divisor Transfer

PMRC SMR Clock (a PSS Divisor of Clock
PMRCO SMR2 SMR1 SMRO SCKPin Source 2o0r4) Period
0 0 0 0 Output PSS (2pe:/2048) + 2 4096t
(initial value)
1 Output PSS (9per/512) + 2 1024 t,,,
1 0 Output PSS (25e-/128) + 2 256t
1 Output PSS (Pper/32) + 2 641,
1 0 0 Output PSS (9per/8) + 2 16t
1 Output PSS (Fperl2) + 2 41,
1 0 Output System Doer toye
clock
1 Input External — —
clock
1 0 0 0 Output PSS (25::/2048) +~ 4 81921,
(initial value)
1 Output PSS (Fper/512) + 4 2048t
1 0 Output PSS (Pper/128) + 4 512t
1 Output PSS (2pe:/32) + 4 128t
1 0 0 Output PSS (2,c:/8) + 4 321,
1 Output PSS (Fperl2) + 4 8t
1 0 Output System Boer toye
clock
1 Input External — —
clock

Notes: @...:  The built-in peripheral module operating clock
t.,.- System clock period
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20.2.2  Serial Data Register SRL/U (SRL: $006, SRU: $007)

The SRL/U pair form an 8-bit read/write register in which SRU is the upper digit and SRL isthe
lower digit. Data to be transmitted is written to this register and received datais read from this
register.

Data written to the SRL/U pair is shifted right (from upper bit positionsto lower bit positions) one
bit at atime on the falling edge of the transfer clock and the LSB datais output from the SO pin.
Similarly, external datathat was transferred LSB first isinput from the Sl pin. Thisdatais
acquired by shifting the SRL/U pair right one bit at atime. (See figure 20-2.)

The SRL/U pair can only be read or written after the last data transmission or reception operation
has completed. Data integrity is not guaranteed if dataiis read or written during a data transmission
or reception operation.

The SRL/U pair is undefined on reset and in stop mode.

Bit v

SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
Initial value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Transmission operation

Shift direction —
MSB LSB

SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO |—| SO pin
U N\ J
SRU SRL

Recepti ti
ption operation Shift direction —»
MSB LSB

Slpin || SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
) J
SRU SRL

Figure20-2 Shift Operations During Data Transmission and Reception
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20.2.3 Octal Counter (OC)

Bit 2 1 0
oc2 ocC1 OcCo

Initial value 0 0 0

Read/Write — — —

OC isa 3-hit counter that controls the serial interface operating state transitions. When an STS
instruction is executed in the STS instruction wait state, OC isinitialized to 000, and after the

serial interface switches to the transfer state the OC is incremented by 1 on each rising edge of the
transfer clock. When either eight transfer clock cycles complete or the transmission or reception is
aborted, OC is cleared to 000 and the serial interface switches from the transfer state to the STS

instruction wait state or the transfer clock wait state. At the sametime IFSisset to 1.
OC isinitialized to 000 on reset and in stop mode.

See section 20.3.4, “ Operating States’, for details on the OC and operating state transitions.
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20.24 Port Mode Register A (PMRA: $004)

PMRA is a4-bit write-only register whose PMRA2 to PMRAO hits switch the RO port pin
function. PMRA3 switches the function of the D port Do/BUZZ pin.

This section describes the PMRA1 and PMRAO bits. See sections 19.2.2 and 21.2.1, “Port Mode
Register A (PMRA)”, for details on the PMRA3 and PMRA?2 hits.

Bit 3 2 1 0
PMRA3*| PMRA2 | PMRAL1 | PMRAO

Initial value 0 0 0 0

Read/Write w W W W

— R0,/SO pin function switch
0 | RO, I/O pin
1 | SO output pin

'— R04/SI pin function switch
0 | RO4 I/O pin
1 | Slinput pin

— RO3/TOC pin function switch
0 | RO3 /O pin
1 | TOC output pin

'— D3/BUZZ pin function switch*
0 | D3 I/O pin
1 | BUZZ output pin

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
The PMRAS3 bit is unused in the HD404344R and HD404394 Series.

Bit 1— RO,/SI Pin Function Switch (PMRAL): Selects whether the RO,/SI pin functions as the
RO, I/O pin or asthe serial reception datainput pin (SI).

PMRA1 Description

0 The RO,/SI pin functions as the RO, 1/O pin. (initial value)
1 The RO0,/SI pin functions as the Sl input pin.
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Bit 0—RO0,/SO Pin Function Switch (PMRAO): Selects whether the R0O,/SO pin functions as the
RO, I/O pin or asthe serial transmission data output pin (SO).

PMRAO Description
0 The R0,/SO pin functions as the RO, 1/O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

20.2.5 Port Mode Register C (PMRC: $025)

PMRC isa4-bit write-only register that selects the high/low level output state during serial
interface idle and sets the divisor for the PSS output used as the transfer clock. This register also
sets the alarm frequency,

Do not update or write to this register during serial interface transfers. Writing to this register
during atransfer can cause the seria interface to operate incorrectly.

This section describes the PMRC1 and PMRCO bits. See section 21.2.2, “Port Mode Register C”,
for details on the PMRC3 and PMRC2 hits.

Bit 3 2 1 0
PMRC3* [ PMRC2* | PMRC1 | PMRCO

Initial value 0 0 Undefined 0

Read/Write w w w w

— Transfer clock divisor selection
0 | PSS output divided by 2
1 | PSS output divided by 4

— Idle time high/low output control
0 | The SO pin outputs a low level

1 | The SO pin outputs a high level

— Alarm output frequency selection*

Note: * Applies to the HD404318, HD404358, HD404358R, HD404339, and HD404369 Series.
The PMRC3 and PMRC2 bits are unused in the HD404344R and HD404394 Series.

443
HITACHI



Bit 1—Idle Time High/L ow Output Control (PMRC1): Controlsthe state of the SO pin during
seria interface idle. The SO pin changes state when this bit is written.

PMRCL1 is undefined on reset and in stop mode.

PMRC1 Description
0 The SO pin outputs a low level during idle. (initial value)
1 The SO pin outputs a high level during idle.

Bit 0—Transfer Clock Divisor Selection (PMRCO): Selects whether the PSS output divided by
2 or 4isused as the transfer clock. This bit, along with the SMR SMR2 to SMRO bits, controls the
corresponding serial interface transfer clock.

PMRCO isinitialized to 0 on reset and in stop mode.

PMRCO Description

0 The PSS output divided by 2 is used as the transfer clock. (initial value)
1 The PSS output divided by 4 is used as the transfer clock.
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20.26 Miscellaneous Register (M1S: $00C)

MISis a4-bit write-only register that controls the port pull-up MOS transistor on/off states,
controls the R0O,/SO pin output buffer PMOS transistor on/off state, sets the interrupt frame period
(T) in watch mode and subactive mode, and sets the oscillator stabilization time (tzc) when low
power modes are cleared.

MISisinitialized to $0 on reset and in stop mode.

Bit 3 2 1 0

| MIS3 ‘ MIS2 ‘ MIS1*1 ‘ MIS0*1 |
Initial value 0 0 0 0
Read/Write w w w w

I

Interrupt frame period and oscillator stabilization time setting™?

MIS1 | MISO InterrrJLépr)itof(;ame Oscillat(;resritggilization Osc(::i(l)I;l:joitrigLrguit
0 0 0.24414 ms 0.12207 (0.24414) ms*2 | External clock
1 15.625 ms 7.8125 ms Ceramic oscillator
1 0 125 ms 62.5 ms Crystal oscillator
1 Unused —

—RO0,/SO pin output buffer control
0 | PMOS transistor active (CMOS output)
1 | PMOS off (NMOS open drain output)

— Pull-up MOS transistor control

0 | Pull-up MOS transistors all off

Pull-up MOS transistors active

Notes: 1. Applies to the HD404339 and HD404369 Series. The MIS1 and MISO bits are
unused in the HD404344R, HD404394, HD404318, HD404358, and HD404358R Series.
2. Values in parentheses are direct transition times.
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This section describes the M1S2 hit. See sections 11.1.2(4), 12.1.2(4) and 6.2.1, “Miscellaneous
Register (M1S)”, for details on the M1S3, MIS1, and MIS0 bits.

Bit 2—R0,/SO Pin Output Buffer Control (M1S2): Controls the RQ,/SO pin output buffer
PMOS transistor on/off state.

MIS2 Description

0 The R0,/SO pin functions as a CMOS output. (initial value)
1 The R0,/SO pin functions as an NMOS open drain output.
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20.3  Operation

20.3.1 Operating Modes

The serial interface performs 8-bit clock synchronization communication. The serial interface has
the four operating modes listed in table 20-3. These modes are selected by the SMR SMR3 bit and
the PMRA PMRA1 and PMRADO hits.

Table20-3 Serial Interface Operating M odes

SMR PMRA
SMR3 PMRA1 PMRAO Operating Mode
1 0 0 Transfer clock continuous output mode
1 Transmission mode
1 0 Reception mode
1 Transmission/reception mode

20.3.2 Serial Data Format

Figure 20-3 shows the transfer format for clock synchronous serial data. Eight bits of data can be
transmitted or received in asingle operation. Datais transmitted (or received) in an LSB first
format. Transmitted datais output from one falling edge of the transfer clock to the next falling
edge, and received datais input on the rising edge of the transfer clock.

Transfer clock

1 2 3 4 5 6 7 8
Serial output
fe A N e

Serial input data ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

latch timing

Figure20-3 Clock Synchronous Serial Data Transfer For mat
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20.3.3 Transfer Clock

Either an internal clock or an externa clock can be used as the transfer clock. Theinternal clock
can be set to be either the system clock or one of 12 clocks generated by dividing PSS output by 2
or 4, for atotal of 13 internal clock options. When an internal clock is used, the SCK pin functions
asthetransfer clock output pin.

20.34 Operating States

Serial interface transfer operations are initiated by the STSinstruction. When an STSinstruction is
executed, OC is cleared to 000 and isincremented on each transfer clock rising edge. OC is
cleared to 000 and IFSis set to 1 when eight transfer clock cycles have completed or when a
transmission or reception is aborted.

The serial interface has four operating states as follows.

» STSinstruction wait state

» Transfer clock wait state

o Serid dtate

» Transfer clock continuous output state (internal clock mode only)

448

HITACHI



Figure 20-4 shows the state transition diagram for the serial interface.

System reset STS instruction wait state

(OC = 000, transfer clock
disabled)

SMR write SMR write

(IFS < 1)
STS instruction

Transfer clock

Transfer clock wait state

Transfer state
(OC =000)

(OC # 000)

Eight transfer clock cycles
STS instruction
(IFS < 1)

(1) External Clock Mode

System reset

SMR writ

Transfer clock
continuous output state
(PMRAO, PMRA1 = 00)

STS instruction wait state
(OC =000, transfer
clock disabled)

Eight transfer clock
cycles @3

SMR write
(IFS < 1)

SMR write . .
STS instruction QD

Transfer clock

Transfer clock @2

Transfer clock wait state
(OC = 000)

Transfer state

(OC # 000)

STS instruction @5
(IFS < 1)

(2) Internal Clock Mode

> Numbers enclosed in ovals are referenced in the descriptions in this section.

Figure20-4 Serial Interface State Transition Diagram
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(1) STSInstruction Wait State: The seria interface enters the STS instruction wait state on a
system reset (items @@ and @O in figure 20-4).

The STSinstruction wait state is the state in which the seria interface internal state isinitialized.
In this state, the serial interface will not operate even if atransfer clock is applied. When an STS
instruction is executed (@D or D) the serial interface switches to the transfer clock wait state.

(2) Transfer Clock Wait State: The transfer clock wait state is the period between the execution
of an STSinstruction and the first transfer clock falling edge.

When the transfer clock is applied (02 or @2) with the serial interface in the transfer clock wait
state, the OC counter isincremented, the SRL/U pair shift operation starts, and the serial interface
switches to the transfer state. However, when transfer clock continuous output mode is selected in
internal clock mode, the serial interface does not switch to the transfer state, but rather it switches
to the transfer clock continuous output state (@D).

If SMR iswritten when the serial interface isin the transfer clock wait state, the serial interface
switches to the STS instruction wait state (04 or @9).

(3) Transfer State: Transfer stateis the period between the first transfer clock falling edge and
the eighth transfer clock rising edge.

If either an STSinstruction is executed or eight transfer clock cycles are applied, OC is cleared to
000 and the serial interface state switches. If an STSinstruction was executed (05 or @), the
seria interface switches to the transfer clock wait state. If eight transfer clock cycles were applied,
the serial interface transfersto either the transfer clock wait state (©3) if it wasin external clock
mode, or the STSinstruction wait state (@) if it wasin internal clock mode.

Ininternal clock mode, the transfer clock stops after eight clock cycles.

If SMR iswritten in the transfer state (0© or @), the serial interfaceisinitiaized and it switches
to the STSinstruction walit state.

When atransition from transfer state to any other state occurs, OC is cleared to 000 and IFSis set
tol.

(4) Transfer Clock Continuous Output State (Internal Clock Mode Only): Transfer clock
continuous output state is a state in which no data transfer is performed but the transfer clock is
output continuously from the SCK pin. When the PMRA PMRA1 and PMRADO bits are set to 00
and the seridl interfaceisin the transfer clock wait state, if the transfer clock is applied (@D), the
seria interface switches to the transfer clock continuous output state. If SMR iswritten in the
transfer clock continuous output state (@®), the serial interface isinitialized and it switchesto the
STSinstruction wait state.
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20.3.5 Transmission and Reception Operations

(1) Serial Interface Initialization: Thefirst step in data transmission or reception operation is
initialization of the serial interface by software. Thisis performed by either resetting the system or

writing to the SMR register.
(2) Data Transmission
a. Datatransmission procedure in external clock mode

Figure 20-5 shows the data transmission procedure in external clock mode.

1. Setup transmission mode.
(PMRA1,0 = 01)

2. Setup external clock mode.
(SMR3 to SMRO =1111)

3. Select the idle time SO output level. (PMRC1)

4. Write the data to be transmitted. (SRL/U)

5. Execute an STS instruction.

Transfer clock input
(8 cycles)

5 IFS=1

Figure20-5 Data Transmission Procedur e (External Clock M ode)
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Use the following procedure for data transmission in external clock mode.

1. Setup transmission mode by setting the PMRA1 and PMRAO bitsto 01.

2. Setup external clock mode by setting the SMR3 to SMRO bitsto 1111.
The serial interface internal states are initialized when SMR is written.

3 Select either alow or high level SO pin idle output by setting the PMRC1 bit. The SO pin will
immediately go to either the high or low level when PMRCL1 is written.

4 Write the data to be transmitted to the SRL/U pair.

5 Execute an STSinstruction. The serial interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the external clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the transmission operation.

6. When eight transfer clock cycles have been input, OC is cleared to 000 and IFSisset to 1. At
the same time the serial interface switches from the transfer state to the transfer clock wait
state thus compl eting the transmission operation.

After the transfer completes, the SO pin holds the value of the MSB of the transmitted data. The
output value on the SO pin can be changed by setting the PMRCL bit.

In the transfer clock wait state, if the transfer clock continues to be input, data transmission
operations are repeated. Also, the serial interface can be returned to the STS instruction wait state
to prepare for the next transmission by performing adummy write to the SMR register.

If the SMR register iswritten during atransmission operation, OC is cleared to O and IFSis set to
1. At the same time the serial interface switches to the STSinstruction wait state and the
transmission is aborted.

Figure 20-6 shows the operation sequence for data transmission in external clock mode.
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Transfer clock Transfer clock
wait state wait state

‘ STS }

State i*instruction N Transfer state e SIS instruction

* wait state

wait state

System reset |

‘Port setup ;
PHRA e ¢ External élock éetup : Dummy write to force
‘ ‘ a state transition
SMR write L - -
# Idle time high/low setup ¢ Ildle t|n;|e high/
| | ow setu
PMRC write ‘ ‘ D

! ‘ Transmission data write

SRL/U pair write — - -
lSTS instruction execution

STS instruction

e XeseX_ XXX XX

SO pin Undefined

SCK pin (input) :

Idle

IFS

-

IFS cleared by
transfer completion
processing

Figure20-6 Serial Transmission Operation Sequence (External Clock M ode)
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b. Datatransmission procedure in internal clock mode

Figure 20-7 shows the data transmission procedure in internal clock mode.

1. Setup transmission mode.
(PMRA1,0 =01)

2. Setup internal clock mode.
(SMR3 =1)
(SMR2 to SMRO = 000 to 110)
(PMRCO =0 or 1)
|

3. Select the idle time SO output level. (PMRC1)

4. Write the data to be transmitted. (SRL/U)

5. Execute an STS instruction.

Transfer clock input
(8 cycles)

6. IFS=1

Figure20-7 Data Transmission Procedure (Internal Clock Mode)
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Use the following procedure for data transmission in internal clock mode.

1

2.

Setup transmission mode by setting the PMRA1 and PMRAO bitsto 01.

Setup internal clock mode by setting the SMR2 to SMRO bits.

The serial interface internal states are initialized when SMR is written.

Select adivisor of 2 or 4 transfer clock for the prescaler output by setting the PMRCO hit.

Select either alow or high level SO pinidle output by setting the PMRCL bit. The SO pin will
immediately go to either the high or low level when PMRCL1 is written.

Write the data to be transmitted to the SRL/U pair.

Execute an STSinstruction. The seria interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the internal clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the transfer operation.

When eight transfer clock cycles have been input, OC is cleared to 000 and IFSis set to 1. At
the same time the serial interface switches from the STS instruction wait state to the transfer
clock wait state thus completing the transfer.

After the transfer completes, the SO pin holds the value of the MSB of the transmitted data. The
output value on the SO pin can be changed by setting the PMRCL bit.

Ininternal clock mode, the SCK pin functions as the transfer clock output pin and outputs the
transfer clock, which isidentical to the selected internal clock.

If the SMR register is written during atransmission operation, OC is cleared to 000 and IFS is set
to 1. At the same time the serial interface switches to the STS instruction wait state and the
transmission is aborted.
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Figure 20-8 shows the operation sequence for data transmission in internal clock mode.

Transfer clock

! # Transmission data write

SRL/U pair write :
l STS instruction execution

STS instruction

wait state
. sts by : _ _
State = instruction »e-»«—— Transfer state —— s+« STS instruction
*‘ wait state | | 1 wait state
System reset : : ‘
‘Port setup ! !
PMRA write 1 1 1
# Internal clock setup |
SMR write ‘ ! ‘ : :
¢ Idle time high/low setup ! I'g\'s Sgtf high/
PMRC write ! — : ! p

SO pin Undefined

SOK pin (outpun) § Uy uy
(e XEX XXX s X e
IFS I_I

IFS cleared by
transfer completion
processing

Figure20-8 Serial Transmission Operation Sequence (Internal Clock Mode)
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(3) Data Reception

a. Datareception procedure in external clock mode

Figure 20-9 shows the data reception procedure in external clock mode.

1. Setup reception mode.
(PMRAL, 0 = 10)

2. Setup external clock mode.
(SMR3 to SMRO = 1111)

3. Execute an STS instruction.

Transfer clock input
(8 cycles)

4. IFS=1

5. Read out the received data.

(SRL/U)

Figure20-9 Data Reception Procedure (External Clock Mode)
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Use the following procedure for data reception in external clock mode.

1

2.

5.

Setup reception mode by setting the PMRA1 and PMRAO bits to 10.
Setup external clock mode by setting the SMR3 to SMRO bitsto 1111.
The seria interface internal states are initialized when SMR iswritten.

Execute an STS instruction. The seria interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the external clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the reception operation.

When eight transfer clock cycles have been input, OC is cleared to 000 and IFSisset to 1. At
the same time the serial interface switches from the transfer state to the transfer clock wait
state thus completing the reception operation.

Read out the received data from the SRL/U pair.

After the completion of data reception with the serial interface in the transfer clock wait state, the
reception operation will be repeated if the transfer clock continues to be input. Also, the seria
interface can be returned to the STS instruction wait state to prepare for the next transmission by
performing a dummy write to the SMR register.

If the SMR register is written during a reception operation, OC is cleared to 000 and IFSis set to
1. At the same time the serial interface switches to the STSinstruction wait state and the reception
is aborted.
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Figure 20-10 shows the operation sequence for data reception in external clock mode.

Transfer clock Transfer clock
wait state wait state
‘ STS ! Y ars
State ~s—instruction »-«»-4——Transfer state ———»-«—»4— nstruction
wait state

‘ wait state

System reset :

‘Port setup
PMRA write i Dummy write to
‘ force a state
SMR write L transition

J‘ STS instruction execution

# External clock éetup l
STS instruction :

SCK pin (input)

Sl pin (s X XA XX usB

3 ¢ Read out of received

data

SRL/U read

IFS ’_\

T IFS cleared by

transfer completion
handling routine

Figure20-10 Serial Reception Operation Sequence (External Clock Mode)
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b. Datareception procedure in internal clock mode

Figure 20-11 shows the data reception procedure in internal clock mode.

1. Setup reception mode.
(PMRAL,0 = 10)

2. Setup internal clock mode.
(SMR3 =1)
(SMR2 to SMRO = 000 to 110)
(PMRCO =0 or 1)
|

3. Execute an STS instruction.

Transfer clock input
(8 cycles)

4. IFS=1

5. Read out the received data. (SRL/U)

Figure20-11 Data Reception Procedure (Internal Clock Mode)
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Use the following procedure for data reception in internal clock mode.

1

2.

5.

Setup reception mode by setting the PMRA1 and PMRAO bits to 10.

Setup internal clock mode by setting the SMR2 to SMRO bits, and select the transfer clock.
The serial interface internal states are initialized when SMR is written.

Select adivisor of 2 or 4 for the prescaler output by setting the PMRCO bit.

Execute an STSinstruction. The seria interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the internal clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the reception operation.

When eight transfer clock cycles have been input, OC is cleared to 000 and IFSis set to 1. At
the same time the serial interface switches from the transfer state to the STS instruction wait
state thus completing the reception operation.

Read out the received data from the SRL/U pair.

If the SMR register is written during a reception operation, OC is cleared to 000 and IFSis set to
1. At the same time the serial interface switchesto the STSinstruction wait state and the reception
is aborted.
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Figure 20-12 shows the operation sequence for data reception in internal clock mode.

Transfer clock
wait state

STS 1 ! | | STS instruction

State ~—instruction —»-»-4————Transfer state ——————»———,5it state

‘ wait state

System reset

‘Port setup

PMRA write

SMR write

# Internal clock setup

PMRC write

#Tra‘nsfer clock divisor setup

STS instruction

¢ ST§ instruction execution

SCK pin (output)

NRRRRRRRNRNRERN

s XXX XXX usB

Sl pin
" | Read out of received
¢ data

SRL/U read

IFS
IFS cleared by
transfer completion
handling routine

Figure20-12 Serial Reception Operation Sequence (Internal Clock M ode)
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(4) Simultaneous Transmission and Reception

a. Simultaneous transmission and reception in external clock mode

Figure 20-13 shows the simultaneous transmission and reception procedure in external clock

mode.

1. Setup transmission/reception mode.

(PMRAL, PMRAO = 11)

2. Setup external clock mode.

(SMR3 to SMRO = 1111)

3. Select the idle time SO output level. (PMRC1)

4 Write the data to be transmitted. (SRL/U)

5. Execute an STS instruction.

Transfer clock input
(8 clock cycles)

6. IFS=1

7. Read out the received data. (SRL/U)

Figure20-13 Simultaneous Transmission and Reception Procedure
(External Clock Mode)
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Use the following procedure for simultaneous transmission and reception in external clock mode.
1. Setup transmission/reception mode by setting the PMRA1 and PMRAO bitsto 11.
2. Setup external clock mode by setting the SMR3 to SMRO bitsto 1111.

The serial interface internal states are initialized when SMR is written.

3. Select either alow or high level SO pin idle output by setting the PMRC1 bit. The SO pin will
immediately go to either the high or low level when PMRCL1 is written.

4. Write the data to be transmitted to the SRL/U pair.

5. Execute an STSinstruction. The serial interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the external clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the transmission/reception operation. The SRL/U pair will be shifted right (in the MSB
to LSB direction) in synchronization with the transfer clock, received datawill be acquired in
the MSB, and transmitted data will be output from the L SB.

6. When eight transfer clock cycles have been input, OC is cleared to 000 and IFSis set to 1. At
the same time the serial interface switches from the transfer state to the transfer clock wait
state thus compl eting the transmission/reception operation.

7. Read out the received data from the SRL/U pair.

After the transfer completes, the SO pin holds the value of the MSB of the transmitted data. The
output value on the SO pin can be changed by setting the PMRCL bit.

In the transfer clock wait state, if the transfer clock continues to be input, data transmission/

reception operations are repeated. Also, the serial interface can be returned to the STS instruction
walit state to prepare for the next transmission/reception by performing adummy write to the SMR
register.

If the SMR register is written during a transmission/reception operation, OC is cleared to 000 and
IFSisset to 1. At the same time the serial interface switches to the STSinstruction wait state and
the transmi ssion/reception operation is aborted.

See figures 20-6 and 20-10 for the transmission/reception operation in external clock mode.
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b. Simultaneous transmission and reception in internal clock mode

Figure 20-14 shows the simultaneous transmission and reception procedure in internal clock

mode.

1. Setup transmission/reception mode.

(PMRAL, PMRAO = 11)

2. Setup internal clock mode.
(SMR3 =1)
(SMR2 to SMRO = 000 to 110)

(PMRCO = 0 or 1)

3. Select the idle time SO output level. (PMRC1)

4. Write the data to be transmitted. (SRL/U)

5. Execute an STS instruction.

Transfer clock input
(8 clock cycles)

6. IFS=1

7. Read out the received data. (SRL/U)

Figure20-14 Simultaneous Transmission and Reception Procedure

(Internal Clock Mode)
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Use the following procedure for simultaneous transmission and reception in internal clock mode.
1. Setup transmission/reception mode by setting the PMRA1 and PMRAO bitsto 11.
2. Setup internal clock mode by setting the SMR2 to SMRO bits, and select the transfer clock.
The serial interface internal states are initialized when SMR is written.
Select adivisor of 2 or 4 transfer clock for the prescaler output by setting the PMRCO hit.

3. Select either alow or high level SO pinidle output by setting the PMRC1 bit. The SO pin will
immediately go to either the high or low level when PMRCL is written.

4. Write the data to be transmitted to the SRL/U pair.

5. Execute an STSinstruction. The serial interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the internal clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and the serial interface will
begin the transmission/reception operation.

6. When eight transfer clock cycles have been input, OC is cleared to 000 and IFSis set to 1. At
the same time the serial interface switches from the transfer state to the STS instruction wait
state thus compl eting the transmission/reception operation.

7. Read out the received data from the SRL/U pair.

After the transfer completes, the SO pin holds the value of the MSB of the transmitted data. The
output value on the SO pin can be changed by setting the PMRC1 bit.

Ininternal clock mode, the SCK pin functions as the transfer clock output pin and outputs the
transfer clock, which isidentical to the selected internal clock.

If the SMR register is written during a transmission/reception operation, OC is cleared to 000 and
IFSisset to 1. At the same time the serial interface switches to the STS instruction wait state and
the transmission/reception operation is aborted.

See figures 20-8 and 20-12 for the transmission/reception operation in internal clock mode.
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(5) Transfer Clock Continuous Output Operation: Figure 20-15 shows the transfer clock
continuous output operation procedure.

1. Setup transfer clock continuous output operation.
(PMRA1, PMRAO = 00)

2. Setup internal clock mode.
(SMR3 =1)
(SMR2 to SMRO =000 to 110)
(PMRCO = 0 or 1)
|

3. Execute an STS instruction.

4. A transfer clock identical to the internal clock is output
from the SCK pin.

5. Stop transfer clock output from the SCK pin by writing
to SMR.

Figure20-15 Transfer Clock Continuous Output Operation Procedure
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Use the following procedure for transfer clock continuous output.

1

2.

Setup transfer clock continuous output mode by setting the PMRA 1 and PMRAO bits to 00.
Setup internal clock mode by setting the SMR2 to SM RO bits, and select the transfer clock.
The serial interface internal states are initialized when SMR is written.

Select adivisor of 2 or 4 for the prescaler output by setting the PMRCO bit.

Execute an STSinstruction. The serial interface will switch from the STS instruction wait state
to the transfer clock wait state.

When the internal clock is applied, the serial interface will switch from the transfer clock wait
state to the transfer state on the first transfer clock falling edge, and atransfer clock identical to
theinternal clock will be output from the SCK pin.

If the SMR iswritten in the transfer clock continuous output state, the serial interface will
switch to the STS instruction wait state and transfer clock output will stop.

20.3.6  High- or Low-Level Output Selection during Idle

The serial interface allows user software to set the state of the SO pin arbitrarily during serial
interface idle states, i.e., the STS instruction wait state and the transfer clock wait state. The output
level during seridl interfaceidle state is controlled by writing the PMRC PMRC1 hit. In the
transfer state, the SO pin output level cannot be controlled.
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20.3.7 Transfer Clock Error Detection (External Clock Mode)

The serial interface will operate incorrectly if external noise results in extraneous pul ses being

added to the transfer clock. The procedure shown in figures 20-16 and 20-17 allows such errorsto

be detected.

Transfer completion
(IFS < 1)

'

Interrupts disabled

IFS ~ 0

'

SMR write

No

Yes

Transfer clock error
processing

Normal completion

Figure20-16 Transfer Clock Error Detection Flowchart
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If more than 8 clock cycles areincorrectly applied in the transfer state, OC will be cleared to 000
and IFS set to 1 on the eighth (including noise) clock cycle. At the sametime, the serial interface
will switch from the transfer state to the transfer clock wait state. However, the serial interface will
switch to the transfer state once again on the falling edge of the next clock pulse, whichisa
correct clock pulse.

At the same time, the interrupt processing routine will terminate the transfer, clear IFSto 0, and
perform adummy write to SMR. Since this dummy write causes the serial interface to switch from
the transfer state to the STS instruction wait state, IFS will be set to 1 once again. (See figure
20-4.) Therefore, transfer clock errors can be detected by testing the | FS state after performing the
SMR dummy write.

Figure 20-17 shows the transfer clock error detection sequence.

Transfer clock Transfer clock
wait state wait state
§ ‘ 5

State 4*7 Transfer state 4>~*~7 Transfer state

(input) i ! interface switches
(noise) ! to the transfer
state due to the

SN ENED XY ED D ED SN - vt

the write to SMR.

write

IFS J

SMR l

IFS set by OC IFS cleared by the
returning to 000.  transfer completion
processing.

Figure20-17 Transfer Clock Error Detection Sequence
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204  Interrupts

The serial interface interrupt source is generated when the serial interface switches from the
transfer state to any other state, i.e., when OC is cleared to 000. IFSis set to 1 when the seria
interface interrupt source occurs.

IFSisnever cleared automatically, even if the interrupt is accepted. The interrupt handling routine
should clear IFSto 0.

The serial interrupt can be independently enabled or masked with the serial interrupt mask (IMS)
in the interrupt control bit area.

20.5 Usage Notes

Keep the following pointsin mind when using the serial interface.

If PMRA isto bewritten in either the transfer clock wait state or the transfer state, the seria
interface should be re-initialized by writing to the SMR register.

In the transfer state, IFSis not set to 1 by writing to SMR or switching to another state by
executing an STSinstruction during the first low level period of the transfer clock. To set the
IFS flag reliably, execute an input instruction for the RO, pin, which will be assigned to be the
SCK pin, and confirm that the SCK pin is at the high level. After this has been done, program
software to write to SMR or to execute the STS instruction.

Changes to the SMR register become valid two instruction cycles after the execution of the
instruction that wrote the register. Therefore application programs must be written so that the
STSinstruction is executed only after a period of at least 2t has elapsed after the SMR
register was written.

MIS register control of the PMOS transistor on/off stateis valid regardless of the PMRA
register RO,/SO pin function selection.
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Section 21 Alarm Output
(HD404318/HD404358/HD404358R/HD404339
/HD404369 Series)

21.1  Overview

The microcomputers in the HD404318, HD404358, HD404358R, HD404339, and HD404369
Series include a built-in alarm output circuit.

21.1.1 Features

Thiscircuit can output a signal generated by dividing the system clock to the BUZZ pin for use as
an alarm drive signal. The alarm output circuit has the following features.

e Theaarm output circuit can output one of four frequencies (these will be 488 Hz, 977 Hz, 1.95
kHz, and 3.91 kHz when f s is 4 MHZz) generated by dividing the system clock. The output
waveform is a 50% duty square wave.
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21.1.2 Block Diagram

Figure 21-1 shows the block diagram of the alarm output circuit.

BUZZ <] Alarm output
control logic

A

Port mode register A
(PMRA)

[%2]
2
w | $256 8
—_ — . = ko)
System ﬂPER % % —512 - -o% (_CU
clock § Q| +1024 |5 @
& | =2048 | E
2 Port mode register C
PMRC)
< :Databus (
. NS
—» : Clock line
— : Signal line
Figure21-1 Alarm Output Circuit Block Diagram
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21.1.3 Pin Functions
Table 21-1 lists the pins used by the alarm output circuit.

Table21-1 Pin Configuration

Pin Symbol I/O Function

Alarm output BUzz Output Alarm signal output

21.1.4 Register Configuration
Table 21-2 lists the registers used by the alarm output circuit.

Table21-2 Register Configuration

Address Register Symbol R/W Initial Value
$004 Port mode register A PMRA w $0
$025 Port mode register C PMRC w $0
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21.2 Register Descriptions

21.2.1 Port Mode Register A (PMRA: $004)

PMRA is a4-bit write-only register whose PMRA3 bit switches the function of the D/BUZZ pin
and whose other bits switch the functions of the RO port pins.

This section describes the PMRAS3 bit. See the “Port Mode Register A (PMRA)” items in sections
9to 12, “1/0O Ports’, for details on the PMRA2 to PMRAO bit in the HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series microcomputers.

Bit 3 2 1 0
PMRA3 | PMRA2 | PMRA1 | PMRAO

Initial value 0 0 0 0

Read/Write W W w w

— R0,/SO pin function switch
0 | RO, I/O pin
1| SO output pin

— RO4/SI pin function switch
0 | RO, I/O pin
1 | Slinput pin

— R03/TOC pin function switch
0 | RO3 /O pin
1 | TOC output pin

— D3/BUZZ pin function switch
0 | D3 I/O pin
1 | BUZZ output pin

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D, 1/0 pin or as the alarm output pin (BUZZ).

PMRA3 Description

0 The D,/BUZZ pin functions as the D, I/O pin. (initial value)
1 The D,/BUZZ pin functions as the BUZZ output pin.
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21.2.2 Port Mode Register C (PMRC: $025)

PMRC isa4-hit write-only register whose PMRC3 and PMRC2 bits select the alarm output
frequency.

This section describes the PMRC3 and PMRC2 hits. See section 20.2.5, “Port Mode Register C
(PMRC)” for details on the PMRC1 and PMRCO bits.

Bit 3 2 1 0
PMRC3 | PMRC2 | PMRC1 | PMRCO

Initial value 0 0 0 0

Read/Write w w w w

— Transfer clock divisor selection
0 | PSS output divided by 2
1 | PSS output divided by 4

— Idle time high/low output control

0 | The SO pin outputs a low level

1 | The SO pin outputs a high level

— Alarm frequency selection

PMRC3 | PMRC2 Alarm frequency
0 0 Bper/2048
1 Bper/1024
L 0 Pper/512
1 BpeR/256

@peR: Built-in peripheral module operating clock
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Bits 3 and 2—Alarm Frequency Sdection (PMRC3, PMRC2): The PMRC3 and PMRC2 hits
areinitialized to 0 on reset and in stop mode.

Alarm Frequency

PMRC3 PMRC2 Description when @p; = 1 MHz*
0 0 A signal with a frequency of @,.:/2048 is output. 488 Hz

1 A signal with a frequency of g,.:/1024 is output. 977 Hz
1 0 A signal with a frequency of 8,../512 is output. 1.95 kHz

1 A signal with a frequency of @..:/256 is output. 3.91 kHz

Note: * HD404318/HD404358/HD404358R Series: @per = fosc/4
HD404339/HD404369 Series: Gpcs = fosc/4, Tosc/8, fosc/16, or fog/32

21.3 Operation

The alarm output circuit selects one of four frequencies generated by using prescaler S (PSS) to
divide the system clock. Figure 21-2 shows the output waveform.

The output is a 50% duty sguare wave.

§<—(256 us)—»@—(ZSG us)—»i

Vee
ov
When fosc =4 MHz, OpER = fosc/4 and the ﬂpER/512 Setting is selected.
(frequency: 1.95 kHz)
Figure21-2 Alarm Output Waveform Example
478

HITACHI




221  Overview

Section 22 ROM

Table 22-1 lists the built-in ROM provided by the HMCS43X X Family microcomputers.

Table22-1 Built-in ROM

HD404344R/HD404394 Series

Product Number

HD404344R Series HD404394 Series Capacity ROM Type
HD404341RS HD404391S 1,024 words Mask ROM
HDA404341RFP HDA404391FP

HD404341RFT HD404391FT

HD40C4341RS

HD40C4341RFP

HD40C4341RFT

HD404342RS HD404392S 2,048 words

HDA404342RFP HDA404392FP

HD404342RFT HD404392FT

HD40C4342RS

HD40C4342RFP

HD40C4342RFT

HD404344RS HD404394S 4,096 words

HDA404344RFP HDA404394FP

HD404344RFT HD404394FT

HD40C4344RS

HD40C4344RFP

HD40C4344RFT

HD4074344S HD4074394S 4,096 words ZTAT™*
HDA4074344FP HDA4074394FP

HD4074344FT HD4074394FT

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.
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Table22-1 Built-in ROM (cont)

HD404318 Series

Product Number Capacity ROM Type
HD404314S 4,096 words Mask ROM
HD404314H

HD404316S 6,144 words

HD404316H

HD404318S 8,192 words

HD404318H

HD4074318S 8,192 words ZTAT™*
HD4074318H

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.

HD404358 Series

Product Number Capacity ROM Type
HD404354S/HD40A4354S 4,096 words Mask ROM
HD404354H/HD40A4354H

HD404356S/HD40A4356S 6,144 words
HD404356H/HD40A4356H

HD404358S/HD40A4358S 8,192 words
HD404358H/HD40A4358H

HD407A4359S 16,384 words ZTAT™*
HD407A4359H

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.
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Table22-1 Built-in ROM (cont)

HD404358R Series

Product Number Capacity ROM Type
HD404354RS/HD40A4354RS/HD40C4354RS 4,096 words Mask ROM
HD404354RH/HD40A4354RH/HD40C4354RH
HD404356RS/HD40A4356RS/HD40C4356RS 6,144 words
HD404356RH/HD40A4356RH/HD40C4356RH
HD404358RS/HD40A4358RS/HD40C4358RS 8,192 words
HD404358RH/HD40A4358RH/HD40C4358RH

HD407A4359RS/HD407C4359RS 16,384 words ZTAT™*
HD407A4359RH/HD407C4359RH

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.

HD404339 Series

Product Number Capacity ROM Type
HD404334S 4,096 words Mask ROM
HD404334FS

HD404336S 6,144 words

HD404336FS

HD404338S 8,192 words

HD404338FS

HD4043312S 12,288 words

HD4043312FS

HD404339S 16,384 words

HD404339FS

HD4074339S 16,384 words ZTAT™*
HDA4074339FS

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.

HITACHI

481



Table22-1 Built-in ROM (cont)

HD404369 Series

Product Number Capacity ROM Type
HD404364S/HD40A4364S 4,096 words Mask ROM
HD404364F/HD40A4364F

HD404368S/HD40A4368S 8,192 words
HD404368F/HD40A4368F

HD4043612S/HD40A43612S 12,288 words
HD4043612F/HD40A43612F

HD404369S/HD40A4369S 16,384 words
HD404369F/HD40A4369F

HD407A4369S 16,384 words ZTAT™*
HD407A4369F

Note: * ZTAT™ is a registered trademark of Hitachi, Ltd.
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222 PROM Mode

2221 PROM Mode

The HD4074344, HD4074394, HD4074318, HD407A4359, HD407A4359R, HD407C4359R,
HD4074339, and HD407A 4369 microcomputers support PROM mode. When these
microcomputers are set to PROM mode, their microcomputer functions are stopped and they

operate identically to the HN27C256 and HN27256 PROM products, thus allowing the internal

PROM to be programmed.
Table 22-2 shows the method for switching these products to PROM mode.

Table22-2 PROM Mode Setup Methods

HD4074344/HD4074394

Pin Setting Level
Mode pin M, (R3,/AN,) Low level
Reset pin RESET

HD4074318/HD4074339

Pin Setting Level
Mode pin M, (D,/INT,) High level
Mode pin M, (D,/INT,)

Reset pin RESET Low level

HD407A4359/HD407A4359R/HD407C4359R/HD407A4369

Pin Setting Level
Mode pin M, (R4,/AN,) Low level
Mode pin M, (R4,/AN,)

Reset pin RESET
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2222  Socket Adapter Pin Correspondence and Memory Map

The on-chip PROM is programmed by using a socket adapter corresponding to the package type
as shown in table 22-3. This converts the microcomputer to a 28-pin package thus allowing the use
of ageneral-purpose PROM writer. Figures 22-1 to 22-5 show the socket adapter pin
correspondences.

Since the HMCS400 Series instructions are 10-bit instructions, these products include an on-chip
conversion circuit that allows a general-purpose PROM writer to be used. This circuit divides each
instruction into upper and lower 5-bit segments and allows each segment to be programmed as a
different address. Since the HD4074344 and HD4074394 have 4,096 words of PROM on chip, the
PROM writer should be set for an 8-kbyte address space ($0000 to $1FFF). Since the HD4074318
has 8,192 words of PROM on chip, the PROM writer should be set for a 16-kbyte address space
(%0000 to $3FFF). And since the HD407A 4359, HD407A4359R, HD407C4359R, HD4074339,
and HD407A4369 have 16,384 words of PROM on chip, the PROM writer should be set for a 32-
kbyte address space ($0000 to $7FFF).

Figures 22-6 to 22-8 show the memory maps when these microcomputers are in PROM mode.

Table22-3 Socket Adapters

Product Number Package Socket Adapter Product Number
HD4074344/HD4074394 DP-28S HS4344ESSO01H
FP-28DA HS4344ESPO1H
FP-30D HS4344ESFO1H
HD4074318 DP-42S HS4318ESSO01H
FP-44A HS4318ESHO1H
HD407A4359/HD407A4359R/ DP-42S HS4359ESSO01H
HD407C4359R FP-44A HS4359ESHO1H
HD4074339 DP-64S HS4339ESS01H
FP-64B HS4339ESFO01H
HD407A4369 DP-64S HS4369ESSO01H
FP-64B HS4369ESFO1H
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Figure 22-1 shows the HD4074344 and HD4074394 socket adapter pin correspondence.

} HD4074344/HD4074349 3 NETCHSe NZTES 2 ‘
| R - ‘ ! , pin !
FbaabA | FP-30D Pin : Pin HN27C256, HN27256] |
| 17 19 TEST ! : Vep 1
15 16 R34/AN, ! Oo 11 !
! 19 21 RO,/SCK : : 0, 12 i
20 22 RO,/SI ! ; 0, 13
! 21 23 RO,/SO j 1 O; 15 !
! 22 24 RO4/TOC ! O, 16
23 25 Dy/INT/EVNB |- ! Ao 10 !
| 24 26 D, ! : A 9
25 27 D, 1 ; A, 8 !
! 26 28 Ds ! As 7 !
28 30 Ds 1 A, 6
! 1 1 R1, : 1 As 5 |
! 2 2 R1, ! : A 4
3 3 R1, : : A, 3 !
1 4 4 R1, ! : Ag 25
5 5 R2, 1 ; Ag 24 !
! 6 6 R2, 1 Ao 21 !
7 7 R2, : Aw 23
! 8 8 R2; : J A 2 !
! 27 29 D,/STOPC : : CE 20 }
9 9 0sC, ! OE 22 !
1 14 15 R3,/AN, (Xon) M : Vee 28 |
16 18 Vee | !
! 13 14 R3,/AN; Mg |- 1 GND 14 !
[ 18 20 | RESET 1
11 11 GND | 1

Symbols

Vpp: Programming power supply

Oy to O, Data I/O
Ag to Ajp: Address input
OE: Output enable

CE: Chip enable

Notes: 1. The PROM adapter unused address pins (A;3 and Ay,) and unused data pins (Os to O;) are connected inside
the socket adapter with the circuit shown below.

B RE

2. Pins not specifically mentioned in the figure should be left open.

Unused pin

Figure22-1 HD4074344 and HD4074394 Socket Adapter Pin Correspondence
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Figure 22-2 shows the HD4074318 socket adapter pin correspondence.

1 HD4074318 1 ; HN27C256, HN27256 (pin 28) !
[ DPa2s | Fr-a4A Pin 1 Pin HN27C256, HN27256] |
! 6 1 TEST ! : Vep 1
12 7 R3,/AN, 1 0o 11 !
! 13 8 R3,/AN; : 0, 12 1
14 9 R3,/AN, ! 0, 13
! 15 10 R34/AN; : 1 [oX 15 |
! 16 11 R4o/AN, ! O, 16
17 12 R4,/AN; ! 05 17 !
! 18 13 R4,/ANg ! Og 18 |
19 14 RA5/AN; : o, 19
! 39 35 R2, : Ao 10 :
1 24 19 D,/EVNB ; : A 9
25 20 D4/BUZZ : ! A, 8 !
! 27 23 Ds ! : A 7 !
28 24 De : 1 A, 6
! 35 31 R1, : As 5 1
| 36 32 R1, ; ! A 4
} 37 33 R1, : ! A 3 !
! 38 34 R1, ! : Ag 25
29 25 D, ] j A 24 !
! 40 36 R2, : Ao 21 1
| a1 37 R2, ; Ay 23
42 38 R2; : ! Ag 2 !
! 33 29 RS, ; : A 26
34 30 RS, : ! A 27 !
! 31 27 R8, : : CE 20 |
32 28 R8, : OF 22
! 22 17 Dy/INT, (Mg) [ 1 Vee 28 1
! 23 18 D,/INT, (M;) |-
} 2 40 R0,/SCK : ! !
: 3 a1 RO/SI : } 1
8 3 0sC, : !
! 30 26 Dg : | 1
! 21 16 Vee 1
20 15 AVcc | !
! 7 2 RESET ! : GND 14 |
10 5 GND ] 1
! 11 6 AVgg !

Symbols

Vpp: Programming power supply

Oy to O;: Data I/O

Ag to Ay, Address input
OE: Output enable
CE: Chip enable

Note: Pins not specifically mentioned in the figure should be left open.

Figure22-2 HD4074318 Socket Adapter Pin Correspondence
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Figure 22-3 shows the HD407A 4359, HD407A4359R, and HD407C4359R socket adapter pin
correspondence.

HD407A4359/HD407A4359R, and HD407C4359R | HN27C256, HN27256 (pin 28)

i ! |
i DP-42S FP-44A Pin 3 | Pin HN27C256, HN27256 3
! 6 1 TEST : 1 Vop 1 !
| 1 39 RA1 ‘ ; 0, 11 !
| 12 7 R3,/AN, Q‘ ! !
1 4 42 RO,/SO : : o, 12 |
3 13 8 R3,/AN, g ! !
! 5 43 RO,/TOC T * i 0, 13 !
! 14 9 R3,/AN, ﬁ:—T : !
| 22 17 Dy/INT, ‘ ; O, 15 !
| 15 10 R3,/AN, Q‘ ! !
| 23 18 D,/INT, : : o, 16 |
i 16 11 RA4,/AN, g ! l
! 39 35 R2, 1 ; A 10 !
1 24 19 D,/EVNB ; : A 9 !
| 25 20 D,/BUZZ ; ; A, 8 !
| 27 23 D ; ; A 7 !
3 28 24 D, : ; A, 6 :
! 35 31 R1, ! ; A 5 i
! 36 32 R1, : : As 4 l
! 37 33 R1, ; 1 A, 3 !
| 38 34 R1, ‘ ; Ag 25 !
| 29 25 D, : ‘ Ay 24 !
| 40 36 R2, : : A 21 |
3 41 37 R2, : 1 Ay 23 :
! 42 38 R2, : T Ay, 2 !
! 33 29 R8, ; : A 26 !
| 34 30 R8; ; ; A 27 !
| 31 27 R8, : ‘ CE 20 ;
| 32 28 R8, ; ; OE 22 |
2 40 RO,/SCK ! : Vee 28
! 3 4 RO,/SI 1 | !
! 8 3 osc, ‘ : !
| 30 26 Dg ‘ ! |
| 21 16 Vee : ! |
3 20 15 AVee I ! !
! 17 12 R4,/ANg (M) [ ; GND 14 |
! 18 13 RAJAN, (M,) 1 : 1
! 7 2 RESET ; 1 !
| 10 5 GND ‘ ! i
} 11 6 AVsg 1 ! }

Symbols

Notes: 1. The PROM adapter unused data pins (O5 to O,) are connected Vpp: Programming power supply
inside the socket adapter with the circuit shown below. O, to O,: Data I/O

Aq to Ay, Address input

OE: Output enable

CE: Chip enable

et

2. Pins not specifically mentioned in the figure should be left open.

Unused pin

Figure 22-3 HD407A4359, HD407A4359R, and HD407C4359R Socket Adapter Pin
Correspondence
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Figure 22-4 shows the HD4074339 socket adapter pin correspondence.

| HD4074339 ! ! HN27C256, HN27256 (pin 28) !
| DP-64s | FP-64B Pin ! ! Pin HN27C256, HN27256] |
12 6 TEST Vop 1
! 5 63 R7, ‘ ; 0o 11 !
20 14 R3,/AN, Q ! !
! 4 62 R6; 1 * i 0, 12
! 21 15 R3,/AN; ﬂ—T !
1 3 61 R6, ; ‘ 0, 13 !
22 16 R3,/AN, Q !
! 2 60 R6; 1 1 0, 15 !
! 23 17 R34/AN; 4 } !
| 1 59 R6, : * : O, 16 |
Y 18 RagAN, | 1
! 25 19 R4,/ANs : Os 17 !
| 26 20 R4,/ANg : : Og 18 1
27 21 R4,/AN, ! ! o, 19
! 60 54 R24 } } Ao 10 !
1 36 30 D,/EVNB ; ‘ A 9 !
37 31 D,/BUZZ ! ; A, 8 !
! 39 33 Ds As 7
: 40 34 D ‘ ‘ A 6 !
56 50 R1, : ; As 5 !
! 57 51 R1; 1 i As 4
! 58 52 R1, : A 3 !
1 59 53 R1; ; ; Ag 25 1
41 35 D, 1 j Ag 24
! 61 55 R2; Ao 21 !
| 62 56 R2, : ‘ A 23 !
63 57 R2; ! : Asp 2 1
! 50 44 R8, 1 Az 26
1 51 45 R8; ; : Ass 27 !
| 48 42 RS, ; : CE 20 |
a9 43 R8, ; i OE 22 3
! 34 28 Dy/INT, (Mo) |- Vee 28 !
1 35 29 D,/INT; (M) |- ! !
8 2 RO0,/SCK ! ! 1
! 9 3 RO,/SI 1
| 14 8 0sc, : !
42 36 Dg | ! |
! 33 27 Vee 1 :
1 32 26 AVce ;
1 13 7 RESET ; ! GND 14 !
16 10 GND j 1
! 17 11 X1 :
19 13 AVgg ; ! !

Symbols

Vpp! Programming power supply

Op to O;: Data I/O

Ag to A4: Address input

OE: Output enable

Note: Pins not specifically mentioned in the figure should be left open. CE: Chip enable

Figure22-4 HD4074339 Socket Adapter Pin Correspondence
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Figure 22-5 shows the HD407A 4369 socket adapter pin correspondence.

HN27C256, HN27256 (pin 28)

| HD407A4369
'[_pp-eas FP-64B Pin

! 12 6 TEST

! 64 58 RA,

! 20 14 R3,/AN,

| 10 4 RO,/SO

| 21 15 R3,/AN,

| 11 5 RO,/TOC
3 22 16 R3,/AN,

! 34 28 D,/INT,

! 23 17 R3,/AN,

! 35 29 D,/INT,

| 24 18 R4,/AN,

| 60 54 R2,

| 36 30 D,/EVNB
f 37 31 D4/BUZZ
! 39 33 Dy

! 40 34 Ds

| 56 50 R1,

| 57 51 R1,

3 58 52 RL,

! 59 53 R1,

! 41 35 D,

! 61 55 R2,

| 62 56 R2,

| 63 57 R2,

3 50 44 RS,

! 51 45 R8,

! 48 42 R8,

! 49 43 RS,

| 8 2 RO,/SCK
| 9 3 RO,/SI

| 14 8 0sC,

3 42 36 Dy

! 33 27 Vee

! 32 26 AVee
| 25 19 R4,/AN; (M)
| 26 20 R4,/AN, (M,)
| 13 7 RESET

i 17 11 X1

! 16 10 GND

! 19 13 AV

Notes: 1. The PROM adapter unused data pins (O to O-) are connected

inside the socket adapter with the circuit shown below.

Lt

2. Pins not specifically mentioned in the figure should be left open.

Unused pin

i i
| |
i Pin HN27C256, HN27256 | |
; Vep 1 |
| |
; O, 11 !
| |
| |
’ 0, 12 i
| |
1 0, 13 |
| |
| |
; 0O, 15 !
| |
: o, 16 :
| |
1 Ao 10 |
! A 9 |
1 A, 8 |
| |
| As 7 |
‘ Ay 6 1
| As 5 |
i As 4 |
! A, 3 |
1 A 25 |
; A 24 !
‘ A 21 !
. Ay 23 ,
: A12 2 :
1 A 26 |
1 A 27 |
1 CE 20 |
; OE 22 !
: Vee 28 !
| |
| |
| |
| |
| |
| |
: GND 14 i
| |
| |
| |
| |
| |
| |
| |

Symbols

Vpp: Programming power supply

O, to O,: Data I/O

A, to Ay, Address input

OE: Output enable

CE: Chip enable

Figure22-5 HDA407A4369 Socket Adapter Pin Correspondence
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Figure 22-6 shows the PROM mode memory map for the HD4074344 and the HD4074394.

HN27C256 or HN27256 Address Map HD4074344 and HD4074394 Address Map
Bit Bit
Address 7 6 5 4 3 2 1 0 Address 9 8 7 6 5 4 3 2 1 0
$0000 1 1 | 1 |RO4|RO3|R0O,|RO;|ROq
$0000 ROg |ROg|RO;|ROg|ROs|RO,|RO3|RO,|RO; |ROg

$0001 1 | 1 | 1 |ROg|ROg|RO;|RO4|RO5

Vector address area (32 bytes) Vector address area (16 words)
$001F $000F
$0020 $0010

Zero page subroutine area (128 bytes) Zero page subroutine area (64 words)
$007F $003F
$0080 $0040

Pattern area/program area (8,192 bytes) Pattern area/program area (4,096 words)
$1FFF $OFFF

-

Upper three bits not used (set to 111).

Byte: 8 bits
Word: 10 bits

Figure22-6 HD4074344 and HD4074394 PROM Mode Memory Map
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Figure 22-7 shows the PROM mode memory map for the HD4074318.

HN27C256 or HN27256 Address Map HD4074318 Address Map
Bit Bit
Address 7 6 5 4 3 2 1 0 Address 9 8 7 6 5 4 3 2 1 0
$0000 1 1 | 1 |RO4|RO3|R0O,|RO;|ROq
$0000 ROg |ROg|RO;|ROg|ROs|RO,|RO3|RO,|RO; |RO,

$0001 1 | 1 | 1 |ROg|ROg|RO;|RO4|RO5

Vector address area (32 bytes) Vector address area (16 words)
$001F $000F
$0020 $0010

Zero page subroutine area (128 bytes) Zero page subroutine area (64 words)
$007F $003F
$0080 $0040

Pattern area (8,192 bytes) Pattern area (4,096 words)
$1FFF $OFFF
$2000 $1000

Program area (32,768 bytes) Program area (8,192 words)
$3FFF $1FFF

-
Upper three bits not used (set to 111).

Byte: 8 bits
Word: 10 bits

Figure22-7 HD4074318 PROM Mode Memory Map
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Figure 22-8 shows the PROM mode memory map for the HD407A 4359, HD407A4359R,
HD407C4359R, HD4074339, and HD407A4369.

HD407A4359, HD407A4359R, HD407C4359R, HD4074339,
HN27C256 or HN27256 Address Map and HD407A4369 Address Map
Bit Bit
Address 7 6 5|4 13 )21 0 |jes 9 8|7 |6 |5|4|3|2|1]0
$0000 1 | 1| 1 |RO4RO3/R0O,|RO;|RO,
$0000 ROg4|ROg|RO;|ROg|RO5|RO4|RO3|RO,|RO;|RO,
$0001 1 | 1 | 1 |ROg|ROg|RO;|ROg|RO5
Vector address area (32 bytes) Vector address area (16 words)
$001F $O00F
$0020 . $0010 )
Zero page subroutine area (128 bytes) Zero page subroutine area (64 words)
$007F $003F
$0080 $0040
Pattern area (8,192 bytes) Pattern area (4,096 words)
$1FFF $OFFF|
$2000 $1000
Program area (32,768 bytes) Program area (16,192 words)
$TFFF $3FFF,
-

Upper three bits not used (set to 111).

Byte: 8 bits
Word: 10 bits

Figure 22-8 HD407A4359, HD407A4359R, HD407C4359R, HD4074339, and HD407A 4369
PROM Mode Memory Map
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22.3  Programming

Table 22-4 lists the settings used to select write, verify, and other modes when PROM
programming.

Table22-4 Write Mode Selection in PROM Mode

Pin
Mode CE OE 0,10 0, (0,t0 O)** A to A, (A, t0 AL)*?
Write L H Data input Address input
Verify H L Data output Address input
Programming disable H H High impedance Address input
Symbols
L: Low level

H: High Level
Notes: 1. O, to O,: Applies to the HD4074318 and HD4074339.

0O, to O,: Applies to the HD4074344, HD4074394, HD407A4359, HD407A4359R,
HD407C4359R, and HD407A4369.

2. A,to A, Applies to the HD4074318, HD407A4359, HD407A4359R, HD407C4359R,
HD4074339, and HD407A4369.

A, to A,,: Applies to the HD4074344 and HD4074394.

Note that write and read operations in PROM mode have the same specifications as the
HN27C256 and HN27256 standard EPROM products.

2231 \Write/Verify

Write/verify mode provides efficient high-speed programming. With this method, high-speed
writing can be performed without electrically stressing the device and without reducing data
reliability. Datain unused regionsis set to $FF. Figure 22-9 shows the basic flowchart for this
high-speed programming technique. Tables 22-5 and 22-6 list the electrical characteristics during
programming and figure 22-10 shows the timing.
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Figure 22-9 shows the flowchart for high-speed programming.

( Start )

Y

Setup write/verify mode
Vee=6.0+0.25V, Vpp =125+ 0.3V

'

Address =0
[
Y
n=0
oy
Y
n+1-n
Yes #

No

Write tpyy = 1 ms £5%

No

Verify | Address + 1 — Address

Write topw = 3n ms |

Last address?
Yes

Setup read mode
Vee=5.0£05V,Vpp=Vcc 0.6V

Reject All addresses read?

Figure22-9 Flowchart for High-Speed Programming
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Table 22-5 lists the DC characteristics and table 22-6 lists the AC characteristics.

Table22-5 DC Characteristics

=60V 025V, V=125V +03V, V=0V, T,= 25°C £5°C, unless specified otherwise.

Item Symbol Min  Typ Max Unit Test Conditions
Input high 0,10 0, (O,t0 O,)** 2.2 — Ve+03 V
level voltage A, to A, (A,to Alz)*2

OE, E
Input low level O, to O, (O,to O,)** -03 — 0.8 \%
voltage Ajto Ay, (Agto Alz)*2

OE, CE
Output high O, to O, (O, to O,)*' V,, 24 — — \Y lon =—200 pA
level voltage
Outputlow  O,t0 O, (O,t0 O,)*" V,, — — 0.4 \Y lo. = 1.6 MA
level voltage
Input leakage O, to O, (O,t0 O,)**, |1, | — — 2 HA V,,=5.25V/0.5V
current A to Ay, (Agto Ap)*?,

OE, CE
V. current lec — — 30 mA
V,e current lop — — 40 mA

Notes: 1.

O, to O,: Applies to the HD4074318 and HD4074339.

O, to O,: Applies to the HD4074344, HD4074394, HD407A4359, HD407A4359R,
HD407C4359R, and HD407A4369.

2. A, to A,,: Applies to the HD4074318, HD407A4359, HD407A4359R, HD407C4359R,
HD4074339, and HD407A4369.

A, to A,,: Applies to the HD4074344 and HD4074394.
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Table22-6 AC Characteristics

Vee=6.0V 2025V, V=125V £0.3V, T, =25°C £5°C, unless specified otherwise.

Item Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — ps Figure 22-10*
OE setup time tocs 2 — — us

Data setup time tos 2 — — ps

Address hold time tan 0 — — ps

Data hold time ton 2 — — ps

Data output disable time tor — — 130 ns

V., setup time tups 2 — — ps

Program pulse width tow 0.95 1.0 1.05 ms

CE pulse width during topw 285 — 7875 ms

overprogramming

V¢ setup time tucs 2 — — ps

Data output delay time toe 0 — 500 ns

Note: * Input pulse level: 0.8 to 2.2 V
Input rise/fall times < 20 ns
Timing reference levels:  Input: 1.0Vv,20V
Output: 0.8V,2.0V
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Figure 22-10 shows the PROM write/verify timing.

- Write ‘ Verify
Address p
las L, |
Data — Input data Output data | >——
s on Iop.
Vep
Vep
Vee —/jvps
V
VCC CcC
GND—/‘tvcs‘
CE — L _
N /]
o w loes foE
OE /
lopw </

Figure22-10 PROM Write/Verify Timing
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2232 PROM Programming Notes

Use the stipulated voltages and times for PROM programming.
The programming voltage (V) in PROM modeis12.5V.

The product may be permanently damaged if a voltage in excess of the rated voltage is applied.
In particular, be especially careful of PROM writer overshoot.

When the PROM writer is setup for either the Hitachi HN27256 or HN27C256, or the Intel
specifications, Vg will be 12.5V.

Make sure that the PROM writer, the socket adapter, and microcomputer chip are al aligned
correctly, i.e., that their respective index marks match. Incorrect alignment can result in
product damage due to overcurrents. Before writing, reconfirm that the product is correctly
connected to the PROM writer.

Do not touch the socket adapter or microcomputer during programming. This could cause
contact faults that could result in programming failures.
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22.3.3  Post-Programming Reliability

After programming, screening products by baking them at 150°C can be effective at improving
data retention characteristics. Baking is one type of screening and allows early data retention
failuresin PROM memory cells to be caught in a short period.

Figure 22-11 shows the flowchart for the recommended screening procedure.

Write the program and verify the values written

Y

High temperature bake without power
+8 h*

150°C + 10°C, 48 h_0 h

Y

Program read check
Vee=45Vor55V

Y

Mounting

Note: * The bake time is measured from the time the furnace internal temperature
reaches 150°C.

Figure22-11 Recommended Screening Procedure
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22.4  Noteson Ordering ROM

There are products in which data areas drawn on the mask and the ROM data actually used differ.
Write 1sto the addresses in unused areas in the ROM data. This applies both when ordering using

EPROMSs and when ordering by sending data.

Figure 22-12 shows the ROM data configurations for the corresponding products.

Products that require 4 kwords of data when ordering

$0000 $0000
‘} Vector address ‘} Vector address
$000F $000F
$0010 Zero page subroutine $0010 Zero page subroutine
64 d
$003F (64 words) $003F (64 words)
$0040 Program & pattern $0040
$O3FF (1,024 words) Program & pattern
$0400 (2,048 words)
$07FF
Unused $0800
Unused
$OFFF $OFFF

Versions with 1 kword of ROM:

HD404341R, HD404391

Products that require 8 kwords of data when ordering

$0000 $0000
l} Vector address ‘} Vector address
$000F $000F
$0010 Zero page subroutine $0010 Zero page subroutine
64 words 64 words
$003F ( : $003F ( )
$0040 Program & pattern $0040
$SOFFF (4,096 words) Program & pattern
$1000 (6,144 words)
$17FF
Unused $1800
Unused
$1FFF $1FFF

Versions with 4 kwords of ROM:
HD404314, HD404354, HD404354R,
HD40A4354R, HD40C4354R,

HD404334, HD40A4354

Versions with 2 kwords of ROM:
HD404342R, HD404392

Versions with 6 kwords of ROM:
HD404316, HD404356, HD404356R,
HD40A4356R, HD40C4356R,
HD404336, HD40A4356

500
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Products that require 16 kwords of data when ordering

Versions with 4 kwords of ROM: Versions with 8 kwords of ROM:
HD404364, HD40A4364 HD404368, HD40A4368
$0000 $0000
Vector add Vector address
$O00F H ector address $000F H
$0010 ) $0010 | | | Zero page subroutine
Zero page subroutine
64 d (64 words)
$003F (64 words) $003F
$0040 Program & pattern $0040
$OFFF (4,096 words) Program & pattern
$1000 (8,192 words)
$1FFF
$2000
Unused
Unused
$3FFF $3FFF

Versions with 12 kwords of ROM:
HD4043312, HD4043612,

HD40A43612
$0000
G Vector address
$000F
$0010 Zero page subroutine
64 words
$003F ( )
$0040
Program & pattern
(12,228 words)
$2FFF
$3000
Unused
$3FFF

Figure22-12 ROM Data Configurations (2)
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Section 23 RAM

23.1 Overview

23.1.1 Features

The HMCS43X X Family RAM consists of three areas. the memory register area, the data area,
and the stack area. The sizes of the memory register and stack areas areidentical in al productsin
the HMCS43X X Family, but the size of the data areas differs between products.

Registers that control the system, interrupts, and the built-in peripheral modules are allocated in
the RAM address space. This section describes the RAM areas other than the area used for these
control registers.

The RAM areas have the following features.
*  Memory register area (locations $040 to $04F)

Thisisa16 digit areathat consists of the 16 memory registers (MR(0) to MR(15)). In addition
to the usua RAM access instructions, the register to register instructions (LAMR and XMRA)
can be used to access this area.

e Dataarea

HD404344R/HD404394 Series

The data area consists of 176 digits of memory at RAM addresses $050 to $OFF.
HD404318 Series
The data area consists of 304 digits of memory at RAM addresses $050 to $17F.
HD404358 Series

The data area consists of 304 digits of memory at RAM addresses $050 to $17F in products
with 8,192 or fewer words of ROM, i.e., the HD404354, HD404356, HD404358, HD40A 4354,
HD40A4356, and HD40A4358.

The data area consists of 432 digits of memory at RAM addresses $050 to $1FF in products
with 12,288 or more words of ROM, i.e., the HD404359, HD40A 4359, and HD407A4359.

HD404358R Series

The data area consists of 432 digits of memory at RAM addresses $050 to $1FF.
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HD404339 Series

The data area consists of 432 digits of memory at RAM addresses $050 to $1FF.

HD404369 Series

The data area consists of 432 digits of memory at RAM addresses $050 to $1FF.
 Stack area (locations $3CO0 to $3FF)

Thisareais used to save the program counter (PC), status (ST), and carry (CA) during
subroutine calls and interrupt handling. Locations not used as stack area can be used as data
area.
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23.1.2 RAM Memory Map

Figure 23-1 shows the RAM memory map.

RAM address

$000
RAM mapped register area
$040 .
Memory register area 16 digits
$050
Data area 176 digits™?
$100 i
304 digits™2
432 digits”3
$180
$200
Unused
$3C0
Stack area 64 digits
$3FF
[ ]: Areas in which RAM is physically present
Notes: 1. Applies to the HD404344R and HD404394 Series.

2. Applies to all products in the HD404318 Series and to the HD404354, HD404356,
HD404358, HD40A4354, HD40A4356, and HD40A4358 in the HD404358 Series.

3. Applies to all products in the HD404339 Series, to the HD407A4359 in the HD404358

Series, and to all products in the HD404358R Series, and to all products in the

HD404369 Series.

Figure23-1 RAM Memory Map
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232 RAM Enable Flag (RAME: $021, 3)

The RAME flag shown in table 23-1 is aflag that indicates that the contents of RAM prior to the
mode transition that cleared stop mode were maintained.

Table23-1 RAM Enable Flag

Address Flag Symbol R/W Initial Value
$021, 3 RAM enable flag RAME R/W* 0

Note: * RAME is allocated in the register flag area and can only be manipulated with the RAM bit
manipulation instructions. Only a value of 0 can be written to this flag, thus clearing it.

RAME is set to 1 when stop mode is cleared by a STOPC input. After clearing stop mode, a user
program can be sure that the contents of RAM just before stop mode was entered were maintained
by reading this flag and confirming that it was set to 1.

See the“RAM Enable Flag” items, sections 5.2.2 and 6.2.7, for more details on the RAME flag.

23.3 Usage Notes

Keep the following points in mind when using RAM.

» The contents of RAM are not guaranteed when power is first applied.
» The contents of RAM are not guaranteed after a reset.

» After power isturned on the values stored in the memory register area, data area, and stack
area are undefined, regardless of whether areset isinput or not. It is essential to initialize these
areas before use.
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Section 24 Application Examples

241  Usingthe A/D Converter

This section describes the use of the A/D converter. Feel free to take advantage of the techniques
presented here in user application systems.

This section has the following structure:

[ Functions and application functions

Application example System specifications
—— Reqister settings

————————— Flowcharts

- Program example

Figure24-1 Application Example Organization

This application example uses an HD404339 Series microcomputer. While the techniques shown
here apply equally to the HD404344R, HD404318, HD404358, HD404358R, and HD404369
Series microcomputers, the details of the register settings, clock settings, and pin arrangements
would differ somewhat. See section 15, “A/D Converter”, for details.

Note:  Although the operation of the program examples included in this section has been verified,
their operation should be re-verified if they are used in an actual user system.
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(1) Functionsand Application Functions
» Thisapplication measures four analog input channels with an 8-bit resolution.

» Thissystem can be used for various types of sensor detection applications (e.g., temperature or
humidity) and key scan inputs.

(2) Application Example (Use of the 8-bit 4-Channel A/D Converter)
System Specifications

» The system stores the results of the 4-channel A/D conversionsin RAM. Figure 24-2 shows
the mapping of the RAM where the results are stored.

X Y $3 $2 $1 $0
$A (lower digit)
B CH3 CH2 CHL CHO
(upper digit)

Figure24-2 RAM Mapping

» The completion of an A/D converter operation is detected by reading the A/D converter
interrupt request flag. This application does not use interrupts.
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Register Settings

» A/D moderegister 1 (AMRL: $019)
» A/D mode register 2 (AMR2: $01A)
» A/D channel register (ACR: $016)
The analog input pins and the A/D conversion time are specified by these three registers.

» A/D start flag (ADSF: $020, 2)
Setting this flag starts an A/D conversion.
1. A/D conversion start
0:  A/D conversion complete

» A/D interrupt request flag (IFAD: $003, 0)
Indicates that an A/D conversion has completed.
1:  A/D conversion complete
0: A/D conversion in progress

* |1AD off flag (IAOF: $021, 2)
Controlsthe current in the A/D converter resistor |adder.

» A/D dataregister (ADRL: $017, ADRU: $018)
Holds the result of an 8-bit A/D conversion.
ADRL: Holdsthe lower 4 bits of an 8-bit A/D conversion.
ADRU:  Holdsthe upper 4 bits of an 8-bit A/D conversion.
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Flowcharts

a. Mainroutine

C ADMN >

A/D converter initial
settings

A/D converter start

Y

A/D conversion

Have all
four channels been
converted?

Process the conversion
results

—
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b. A/D converter initial settings

< ADINIT >

1. Setthe A/D mode registers 1 and
2 and the A/D channel register.
» Set the conversion time to
67tcyc-
* Set the RSolANO to RSg/AN3
pins to be analog input pins.
» Select the AN3 pin.
2. Clear the A/D converter interrupt
request flag
3. Clear the RAM area to be used.

< RTN >
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c. A/D conversion

ADSCN

C

A/D conversion
enabled?

First AID
conversion?

No

Initialize RAM

Select the AN3 pin

Clear the A/D converter
interrupt request flag

Start the A/D converter

A

A/D conversion
complete?

No

Store the result of
the conversion in RAM

No

all four channels

Select the next channel

Update the pointer to the RAM
that holds the result

Start the A/D converter

'

completed?

Yes

Set the flag that indicates that
all four channels were
converted.

RTN
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Sample Program

* Symbol definitions

RSP EQU 1, $000 * Stack pointer reset

| FAD EQU 0, $003 * A/D interrupt request flag

ADSF EQU 2, $020 * A/D start flag

| ACF EQU 2, $021 * |AD off flag

AVRL EQU $019 * A/D moderegister 1

AR EQJ $01A * A/D mode register 2

AR EQU $016 * A/D channel register

ADRL EQJ $017 * A/D dataregister (lower digit)

ADRU EQU $018 * A/D dataregister (upper digit)
* RAM mapping

ADCHNO EQU $0A4 * A/D conversion result storage address pointer

ADFLAG EQU $0B4 * Flag RAM

ADSTF EQJ 0, ADFLAG * A/D dtart flag

ADLSTF EQU 1, ADFLAG * A/D first flag

ADENDF EQU 2, ADFLAG * A/D end flag

* Interrupt vector settings

CRG $0000

JMPL ADWN * Reset vector address

JMPL ADWN * INT, interrupt vector address
JMPL ADWN * INT, interrupt vector address
JMPL ADWN * Timer A interrupt vector address
JMPL ADWN * Timer B interrupt vector address
JMPL ADWN * Timer C interrupt vector address
JMPL ADWN * A/D interrupt vector address
JMPL ADWN * Serial interrupt vector address
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* Main program

ADW

ADMNO1

ADMN\O9

CRG
EQU
REVD
BR
CALL

SEMD
CALL

™D
BRS
BRS
BRS

$0100

*+l

ADNT

ADSTF
ADSON

ADENDF
ADMN\O9
ADWMNO1
ADMN\O9

* Stack pointer reset
* Status set

* Call the ADINIT routine (Initializes the A/D
converter and RAM..)

* Start the A/D converter

* Call the ADSCN routine (Executes the A/D
conversions.)

* A/D conversion completed?
* |If yes, branch to ADMN99.
* |f no, branch to ADMNO1.

* ADINIT routine (Initializes the A/D converter and RAM.)

ADNT

EQ
LM D

LMD

LMD

REMD
REMD
LMD
LMD
RTN

*

$F, AVRL

1, AVR2

3, AR

| FAD
| ACF
0, ADFLAG
3, ADCHNO

* A/D mode register 1 (Setsthe R3/AN, to R3,/AN,
pinsto function asthe AN, to AN, pins.)

* A/D mode register 2 (Setsthe A/D conversion time
to be 67t,..)

* A/D channel register (Sets the analog input channel
tobe AN;.)

* Clear the A/D interrupt request flag.
* Clear the IAD off flag.

* Clear the usage flag.

* |nitialize the pointer.

* ADSCN routine (Executes the A/D conversions.)

ADSON

ADSOND9
ADSCNOO
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EQU
LW

™D
BRS
RTN
™D
BRS

*

0
ADSTF
ADSCNDO

ADLSTF
ADSCONLO

* Clear the W register.

* [ISADSTF 1?

* |f yes, branch to ADSCNOO.

* |f no, return to the main program.
* |SADISTF 1?

* |f yes, branch to ADSCN10.
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ADSCNLO

ADSONL1

*** First (channel 3) A/D conversion ***

LMD

3, ACR
| FAD
ADLSTF

3, ADCH\NO
ADSF
ADSCNI9

* A/D channel register
* A/D interrupt request flag

* Set AD1STF. (Indicates that the first A/D
conversion is being performed.)

* |nitialize the pointer.
* Set the A/D start flag (Startsan A/D conversion.)
* Branch to ADSCN99.

*** Channel 0to 2 A/D conversions ***

™D

BRS
BRS

REMD
LX

LAVD
LYA
LAVD
LNA
LX

LAMD
LMADY

BRS

LMD

| FAD

ADSCNL1
ADSCNI9

| FAD
$A

ADCHNO

ADRL

$B

ADSCNL2

4, ADFLAG

ADSONB9

* A/D interrupt request flag (Has the previous A/D
conversion compl eted?)

* |f yes, branch to ADSCN11.
* |If no, branch to ADSCN99.

* Clear the A/D interrupt request flag.

* Specify the ADRL transfer destination RAM
address (X).

* | oad the pointer.

* Specify the transfer destination RAM address ().
* Move the ADRL value to the accumulator.

* Store the contents of the accumulator in RAM.

* Specify the ADRU transfer destination RAM
address (X).

* Move the ADRU value to the accumul ator.

* Store the contents of the accumulator in RAM.
Y «Y—1

* Branch to ADSCN12 if the A/D conversion has not
completed.

* |f the A/D conversion has completed, set ADENDF
tol, AD1STFto 0, and ADSTF to 0.

* Branch to ADSCN99.
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ADSCN12

516

LAY

LMAD
LMAD

*+1

ADSCN\R9

* Move the next transfer destination RAM address
(Y) to the accumulator.

* Update the pointer.

* Select the next A/D conversion channel.

* Set the A/D start flag (Startsan A/D conversion.)
* Set the status.

* Branch to ADSCN99.
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242 UsingTimer B

This section describes the use of timer B. Feel free to take advantage of the techniques presented
here in user application systems.

This section has the following structure:

[ Functions and application functions

Application example System specifications
Register settings
Circuit diagram

Flowcharts

Program example

Figure 24-3 Application Example Organization

This application example uses an HD404339 Series microcomputer. While the techniques shown
here apply equally to the HD404318, HD404358, HD404358R, and HD404369 Series
microcomputers, the details of the register settings, clock settings, and pin arrangements would
differ somewhat in the HD404318, HD404358, and HD404358R Series. See section 18, “Timer
B”, for details.

Note: Although the operation of the program examples included in this section has been verified,
their operation should be re-verified if they are used in an actual user system.
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(1) Functions and Application Functions

* Free-running/reload timer ............ Key scan control, fixed time interrupts, and other functions
» Externa event counter ................ Pulse counter
* Input capture timer operation....... M easuring the time between trigger input edges.

(2) Application Example (Frequency M easurement Using Timer B)

This section presents an application that uses the HD4074339 timer B (in input capture timer
mode) to determine the frequency of an input signal (square wave) and display the result in a pair
of LEDs.

System Specifications
» Thesystem clock used hasa 1 MHz internal frequency based on a4 MHz applied frequency.

» Thesignal to be measured isinput to the EVNB pin, and the result of the frequency
determination is output from the D port (pins D5 and Dg) to be displayed on two LEDs
connected to those pins.

» Theinput frequency isjudged to be one of three levels as listed below, and the result is
displayed in the LEDs.

Overflow......cccoceceeeenee. Both LEDs off
Under 1000 Hz............. One LED lit.
1000 Hz or over............ Two LEDslit.

* Input capture mode is used for the timer B operating mode.
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Register Settings

¢ A 4 MHz system clock oscillator frequency and a system clock divisor of 4 are used.

The system clock selection register 1 (SSR1: $027) bit 1 is set.

The system clock selection register 2 (SSR2: $028) is set to $0.

» Theinput clock period used is 8t,..

Timer mode register B1 (TMB1: $009) is set to $4.

This allowstimer B to measure periods up to amaximum of 8 us x 256 counts, which is 2040

s (490 Hz), in 8 s units.

e Thetimerisused in input capture mode and rising edge detection is used.

Timer mode register B2 (TMB2: $026) is set to $6.

e Thepull-up MOS transistors are set to be active by setting bit 3 in the miscellaneous register

(MIS: $00C).

Since the D,/EVNB pin is used as the EVNB pin, the port mode register (PMRB: $024) bit 2 is

Set.

TMB1 Register Setting ($009)

Bit TMB13 TMB12 TMB11 TMB10
Setting 0 1 0 0
TMB2 Register Setting ($026)

Bit TMB23 TMB22 TMB21 TMB20
Setting X 1 1 0

HITACHI
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Figure 24-4 shows the timer B counter output.

Input signal ------- |f—~~” 1, ,,,,,,,

| |
- ————————————— P ———————————————————————————————— -~

f '1001 Hz' Between 491 490 Hz or lower | overl
ror higher and 1000 Hz | | vertiow
= 2048ps | ] i o 490 Hz
>
a $FF ! !
> ! |
© | |
) : :
S 1000 |
5] A L R B
38 $7D : 1000 Hz
O s .
$80 ! ! | ‘ = Time
1 . » Two LEDs lit | — One LED lit . - Both LEDs off
f : The counter is reset on an edge input
Figure24-4 Timer B Counter Output
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Frequency Determination Block Circuit Diagram: Thiscircuit determines the frequency of a
signal output from a pulse generator using an HD4074339.

A& Vee
LED
HD4074339
b 200 Q
5 MA
(39)
LED
(40)
Do/EVNE Pulse generator
(36)
e
Figure24-5 Frequency Determination Block Circuit Diagram
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Flowcharts

( MAIN ) Timer B interrupt
Timer B interrupt
processing

| Initial settings |

—

| Wait for interrupt | Did the counter

| Turn off the LEDs

overflow?

]

Is the
counter value $7D
or greater?

Yes

No

| Turn on one LED

| Turn on two LEDs |

. r

( RTNI )
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Sample Program

* Symbol definitions

IE

| FTB
| MIB
MS

TMBL
TRBL
TRBU
T™MB2
| CEF
| CSF
PVRB
SSR1L
SSR2

* Interrupt vector settings

STRV

| CTV

BEEEBEEREBEERED

8

JMPL

aRG
JMPL

* Main program

Bl NT

RG

LMD
LMD
LMD
LMD

LMD
SEMVD
REMD
REMD

JMPL

$0, $000
$0, $002
$1, $002
$3, $00C
$009
$00A
$00B
$026
$1, $021
$0, $021
$024
$027
$028

$000
FDPROG
$008
TBI NT

$1000

$2, SSR1
$0, SSR2
$4, TMBL
$6, TMB2

$4, PMRB
MS

| CEF

| CSF

| MTB

IE

Bl NT

* |nterrupt enable flag

* Timer B interrupt flag

* Timer B interrupt mask

* Miscellaneous register

* Timer mode register B1

* Timer read register BL

* Timer read register BU

* Timer mode register B2

* |CT error flag

* |CT status flag

* Port mode register B

* System clock selection register 1
* System clock selection register 2

* Start vector address

* Timer B interrupt vector address

* System clock: 4 MHz

* System clock divisor: 4

* |nput clock period: 8tcyc

* Set timer B to ICT mode with rising edge detection.

* Pin mode: EVNB

* Pull-up MOS transistors active

* Reset the ICT error flag.

* Reset the ICT status flag.

* Reset the timer B interrupt mask.
* |E = 1 (interrupts enabl ed)

* |nterrupt wait loop
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* Timer B interrupt handling routine

TBI NT

| FEQ

SETO

SET1

SET2

TMEREND

524

REMD
™D
BRL

LA
ALEMD
BRL
JMPL
ANEND
BRL
LA
ALEND
BRL
JMPL
SEDD
SEDD
JMPL
RECD
SEDD
JMPL
REDD
RECD

RTN

| FTB
| CEF
SETO

$7

TRBU

| FEQ
SET2
TRBU
SET1

$D

TRBL
SET1
SET2

$5

$6
TMEREND
$5

$6
TMEREND
$5

$6

| CEF
| CSF

* Reset the timer B interrupt flag.
*If ICEF=1

*|f $7< TRBU

*|f $7 # TRBU

* If $D < TRBL

* Turn both LEDSs off.

* Light one LED.

* Light both LEDs.

* Reset the ICT error flag.
* Reset the ICT status flag.

ICT: Input capture timer
$: Indicates a hexadecimal value.

HITACHI



Section 25 Electrical Characteristics

251 HDA404344R Series

25.1.1  Absolute Maximum Ratings

Table 25-1

lists the absolute maximum ratings of the HD404344R Series microcomputers.

Table25-1 Absolute Maximum Ratings (HD404344R Series)

Item Symbol Rated Value Unit Notes
Power supply voltage Ve -0.3t0 +7.0 \%
Programming voltage Vop -0.3to +14.0 \% 1
Pin voltage Vi, -0.3t0 V. +0.3 \Y, 2
Allowable total input current o 100 mA

(current flowing in to the LSI)

Allowable total output current =l 30 mA 4
(current flowing out from the LSI)

Allowable input current I 30 mA 5,6
(current flowing in to the LSI) 4 mA 5,7
Allowable output current -, 4 mA 8
(current flowing out from the LSI)

Operating temperature Tonr —20to +75 °C

Storage temperature T -55to +125 °C

Notes: 1. Applies to the HD4074344 TEST (V,;) pin.

2.
3.

4.

Applies to D, to D, RO, R1, R2, and R3.

The allowable total input current is the sum of the currents flowing from all the 1/0 pins
to ground at the same time.

The allowable total output current is the sum of the currents flowing from V. to all the
I/O pins at the same time.

The allowable input current is the maximum value of the currents flowing from each 1/0
pin to ground.

Appliesto D,, D,, R1, and R2.

Applies to D,, D, to D, RO, and R3.

The allowable output current is the maximum value of the currents flowing from V. to
each 1/O pin.

Use of this LSI at levels that exceed the absolute maximum ratings can permanently
damage the LSI. Also note that it is desirable to use this LSI within the conditions
specified in the “Electrical Characteristics” section during normal operation. Exceeding
those conditions can cause the LSI to operate incorrectly and may adversely affect LSI
reliability.

All voltage values are referenced to ground.
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25.1.2

(1) DC Characteristics

Tables 25-2 and 25-3 list the DC characteristics of the HD404344R Series microcomputers.

Electrical Characteristics

Table25-2 DC Characteristics (HD404344R Series)

HD404344R, HD404342R, HD404341R, HD40C4344R,
HD40C4342R, HD40C4341R

© Vge=25t055V,GND =0V, T,=-20t0 75°C

HD4074344 " Vee=271055V,GND =0V, T,=-20t0 75°C
unless specified otherwise.
Applicable Rated Value Test
Item Symbol Pins Min Typ Max Unit Conditions Notes
Input high . RESET, 0.8 V¢ Ve +03V
level voltage STOPC,
INT,, SCK,
EVNB
SI 0.7 V¢ Ve +0.3
0SC, Vee— 05 — Ve +0.3
Input low V. RESET, -0.3 — 02V, V
level voltage STOPC,
INT,, SCK,
EVNB
Sl -0.3 — 0.3 V¢
0OSC, -0.3 — 0.5
Output high  V,, SCK, SO, Vee—1.0 — — \% —loy = 0.5 mA
level voltage TOC
Outputlow Vg, SCK, SO, — 0.4 \ loe =0.5mA
level voltage TOC
/0 leakage |1, | RESET, — 1 HA V,=0VtoV, 1
current STOPC,
INT,, SCK,
Sl, SO,
EVNB, TOC,
0OSC,
Active mode |, Ve — 35 mA  V,=5V, 2
current drain fosc =4 MHz
leca — 0.4 V=3V, 2,4
. 0.5 fOSC =400 kHz 2Y 5
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Table25-2 DC Characteristics (HD404344R Series) (cont)

HD404344R, HD404342R, HD404341R, HD40C4344R,

HD40C4342R, HD40C4341R  Vee=25t055V,GND =0V, T,=-20t0 75°C
HD4074344 " Vee=271055V,GND=0V, T,=-20to 75°C
unless specified otherwise.
Applicable Rated Value Test
Iltem Symbol Pins Min Typ Max Unit Conditions Notes
Standby mode I, Vee — — 15 mA  V,=5YV, 3
current drain fosc = 4 MHz
Isav2 — — 0.2 V=3V, 3,4
— — 0.4 fosc =400kHz 3,5
Stop mode lsrop Vee — — 10 HA V,, (RESET) =
current drain V—-03V
to Ve,
V,, (TEST) =
0Vt 0.3V
Stop mode  Vgop Vee 2 — — \Y,
data retention
voltage

Notes: 1. Except for the current flowing in the pull-up MOS transistors and output buffers.
2. The power supply current with the system in the reset state and no I/O currents flowing.

Test conditions | System state Reset state

Pin states ¢ RESET .cvvvvveviiienn At the ground potential
¢ TEST i At the ground potential
« DO to D5, RO to R3... Atthe V.. potential

3. The power supply current with the system timers operating and no 1/O currents flowing.

Test conditions | System state ¢ 1/0: The same as in the reset state

« Standby mode

Pin states ¢ RESET ..covvvvvevean At the V. potential

¢ TEST i At the ground potential
e D,to D, ROto R3 .... Atthe V.. potential

4. Applies to the HD4074344.

5. Applies to the HD404344R, HD404342R, HD404341R, HD40C4344R, HD40C4342R,
and HD40C4341R.
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Table25-3 Standard Pin /0O Characteristics (HD404344R Series)

HD404344R, HD404342R, HD404341R, HD40C4344R,

HD40C4342R, HD40C4341R © Vee=25t055V,GND=0V, T,=-20to 75°C
HD4074344 : Vee=27t055V,GND=0V, T,=-20to 75°C
unless specified otherwise.

Rated Value

Applicable Test
Item Symbol Pins Min Typ Max Unit  Conditions Notes
Input high Vi, D, to Dy, 0.7V, — Ve +03V
level voltage RO to R3
Input low level V. D, to Dq, -0.3 — 03V, V
voltage RO to R3
Output high  V, D, to Dy, Vee—1.0 — — \% —loy =0.5MA
level voltage RO to R3
Output low Vg D, to D, — — 0.4 \Y lo. = 0.5 MA
level voltage RO to R3

D, D, — — 2.0 lo. =15 mA,

R1, R2 V=45V to

55V

I/O leakage |l | D, to Ds, — — 1 HA V,=0Vto 1
current RO to R3 Vee
Pull-up MOS -l D, to D, 30 150 300 MA Ve =5V,
transistor RO to R3 V,=0V

current

Notes: 1. Except for the current flowing in the pull-up MOS transistors and output buffers.
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(2) AC Characteristics
Tables 25-4 and 25-5 list the AC characteristics of the HD404344R Series microcomputers.
Table25-4 AC Characteristics (HD404344R Series)

HD404344R, HD404342R, HD404341R, HD40C4344R,
HD40C4342R, HD40C4341R

HD4074344

unless specified otherwise.

© Vee=25t055V,GND =0V, T,=-20t0 75°C
© Vee=271055V,GND =0V, T,=-20t0 75°C

Rated Value

Applicable Test
Item Symbol Pins Min  Typ Max Unit Conditions Notes
Clock oscillator fosc OsC,, 0.4 — 4.5 MHz  Clock divisor =4
frequency (ceramic OSC,
oscillator)
Clock oscillator fosc OSC,, 1.0 2.0 3.5 MHz  Clock divisor = 4
frequency (resistor OSC, R; =20 kQ
oscillator)
Instruction cycle timet,,, 0.89 — 10 ps Clock divisor = 4
(ceramic oscillator,
external clock)
Instruction cycle timet,, 114 — 4.0 ys Clock divisor = 4
(resistor oscillator) R; =20 kQ
Oscillator tae OSC,, — — 2.0 ms 1
stabilization period OSC,
(external clock)
Oscillator tac 0OSsC,, — — 2.0 ms 1
stabilization period OSC,
(ceramic oscillator)
Oscillator tae OSsC,, — — 0.5 ms R; =20 kQ 1,8
stabilization period OsSC,
(resistor oscillator)
External clock high t.., OSC, 92 — — ns 2

level width

HITACHI
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Table25-4 AC Characteristics (HD404344R Series) (cont)

HD404344R, HD404342R, HD404341R, HD40C4344R,

HD40C4342R, HD40C4341R © Vee=25t055V,GND=0V, T,=-20to 75°C
HD4074344 : Vee=27t055V,GND=0V, T,=-20to 75°C
unless specified otherwise.

Rated Value

Applicable Test
Item Symbol Pins Min  Typ Max Unit Conditions Notes
External clock low  t.,. (O {o% 92 — — ns 2
level width
External clock rise  tp, 0OSsC, — — 20 ns 2
time
External clock fall  t. (O {o% — — 20 ns 2
time
INT,, EVNB t,, INT,, 2 — — teye 3
high level width EVNB
INT,, EVNB t, INT,, 2 — — teye 3
low level width EVNB
Reset low level widthtge;, RESET 2 — — teye 4
STOPC low level | — STOPC 1 — — tae
width
Reset rise time trs RESET — — 20 ms 4
STOPC rise time st STOPC — — 20 ms
Input capacitance  C,, All input — — 15 pF f=1 MHz,

pins other V,=0V

than TEST,

and R1, to

R1,

TEST — — 15 f=1 MHz, 6

— — 40 Va=0V 7
R1,to R1, — — 15 f=1 MHz, 6
— 30 Vin=0V 7

Notes: 1. There are three cases where the oscillator stabilization period applies:

* When power is first applied, the time between the point when V.. reaches V. ,, and
the point the oscillator is stable.

« When stop mode is cleared, the time between the point when the RESET input
reaches the low level and the point the oscillator is stable.

« When stop mode is cleared, the time between the point when the STOPC input
reaches the low level and the point the oscillator is stable.

To assure the time necessary to achieve stable oscillation at power on and when

clearing stop mode, apply a low level to the RESET or STOPC input for at least tx.
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Since the oscillator stabilization period varies with the details of the mounted circuit,
stray capacitances, and other factors, this value should be determined based on
thorough consultations with the manufacturer of the ceramic oscillator used.

See figure 25-1.
See figure 25-2.
See figure 25-3.
See figure 25-4.

Applies to the HD404344R, HD404342R, HD404341R, HD40C4344R, HD40C4342R,
and HD40C4341R.

Applies to the HD4074344.
8. Applies to the HD40C4344R, HD40C4342R, and HD40C4341R.

o g s wN

~

Ve — 0.5V
0SC,
05V
Figure25-1 External Clock Timing (HD404344R Series)
INTo, 0.8 Ve
EVNB - bH -\ = b .
0.2 Ve ‘
Figure25-2 Interrupt Timing (HD404344R Series)
RESET
Figure25-3 Reset Timing (HD404344R Series)
0.8 Vee | tsTpL _
STOPC 0.2 Vee

— tsTpr

Figure25-4 STOPC Timing (HD404344R Series)
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Table25-5 Serial Interface Timing Characteristics (HD404344R Series)

HD404344R, HD404342R, HD404341R, HD40C4344R,
© Vge=251t055V,GND =0V, T,=-201t0 75°C

HD40C4342R, HD40C4341R

HD4074344  Vee=271055V,GND=0V, T,=-20to 75°C

unless specified otherwise.

When the Transfer Clock is Output:

Applicable Rated Value Test

Item Symbol Pins Min  Typ Max Unit Conditions Notes

Transfer clock cycle tg, SCK 1 — — teye With the load 1

time shown in figure
25-6

Transfer clock high  tg., SCK 0.4 — — ts,e  With the load 1

level width shown in figure
25-6

Transfer clock low  tgq,, SCK 04 — — ts,e  With the load 1

level width shown in figure
25-6

Transfer clock rise  tgq, SCK — — 80 ns With the load 1

time shown in figure
25-6

Transfer clock fall  tgq SCK — — 80 ns With the load 1

time shown in figure
25-6

Serial output data  tye, SO — — 300 ns With the load 1

delay time shown in figure
25-6

Serial input data tss Sl 100 — — ns 1

setup time

Serial input data ths: Sl 200 — — ns 1

hold time

Note: 1. See figure 25-5.
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Table25-5 Serial Interface Timing Characteristics (HD404344R Series) (cont)

HD404344R, HD404342R, HD404341R, HD40C4344R,
HD40C4342R, HD40C4341R

HD4074344
unless specified otherwise.

© Vge=251t055V,GND =0V, T,=—201t0 75°C
© Vge=271055V,GND =0V, T,=-201t0 75°C

When the Transfer Clock is Input:

Applicable Rated Value Test
Item Symbol Pins Min  Typ Max Unit Conditions Notes
Transfer clock cycle tg, SCK 1 — — teye 1
time
Transfer clock high  tgy, SCK 0.4 — — toeye 1
level width
Transfer clock low  tgq,, SCK 0.4 — — tseye 1
level width
Transfer clock rise  tgq, SCK — — 80 ns 1
time
Transfer clock fall = tgq SCK — — 80 ns 1
time
Serial output data  t,g, SO — — 300 ns With the load 1
delay time shown in figure
25-6
Serial input data tss Sl 100 — — ns 1
setup time
Serial input data ths Sl 200 — — ns 1
hold time
Note: 1. See figure 25-5.
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- tScyc -
tsckf <7113(:|(,—
- IsckL
VCC -05V (08 Vcc)* / t
SCK SCKH
0.4V (0.2 Vco)* N /l
. |ubso
>z Vec—-05V

SO 0.4V
Sl

Note: * The values Vcc — 0.5V and 0.4 V are the voltages for transfer clock output.
The values 0.8 V¢ and 0.2 V¢ are the voltages for transfer clock input.

Figure25-5 Serial Interface Timing

Vee
R = 2.6 kQ
Test point
C R
30 pF 12 kO 152074 @
or equivalent
product

Figure25-6 Timing Load Circuit
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(3) A/D Converter Characteristics
Table 25-6 lists the characteristics of the HD404344R Series A/D converter.
Table25-6 A/D Converter Characteristics (HD404344R Series)

HD404344R, HD404342R, HD404341R, HD40C4344R,

HD40C4342R, HD40C4341R : Vc=25t055V,GND=0V, T,=-20to 75°C
HD4074344 : Vee=27t055V,GND=0V, T,=-20t0 75°C
unless specified otherwise.

Rated Value

Applicable Test
Item Symbol Pins Min  Typ Max Unit Conditions Notes
Analog input AV, AN,to AN, GND — Ve V
voltage
Analog input CA, AN, to AN, — 15 — pF
capacitance
Resolution — 8 — Bits
Number of 0 — 4 Channels
inputs
Absolute AN, to AN, -2.0 — 2.0 LSB 1
precision 25 — 25 T,=25°C, 2
Vee=5.0V
Conversion 34 — 67 toye
time
Input ANyto AN, 1 — — MQ fosc = 1 Mhz,
impedance Vin=0V
Notes: 1. Supplies to the HD404344R, HD404342R, HD404341R, HD40C4344R, HD40C4342R,
HD40C4341R.

2. Supplies to the HD4074344.
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25.2

2521

HD404394 Series

Absolute Maximum Ratings

Table 25-7 lists the absolute maximum ratings of the HD404394 Series microcomputers.

Table25-7 Absolute Maximum Ratings (HD404394 Series)

Item Symbol Rated Value Unit Notes
Power supply voltage Vee -0.3t0 +7.0 \%
Programming voltage Vs —-0.3to +14.0 \% 1
Pin voltage vV, —-0.3to V. +0.3 \% 2
—0.3to +15.0 \Y, 3
Allowable total input current Sl 100 mA 4
(current flowing in to the LSI)
Allowable total output current -1 30 mA 5
(current flowing in to the LSI)
Allowable input current I 30 mA 6,7
(current flowing in to the LSI) 4 mA 6 8
Allowable output current (current flowing -, 4 mA 9
out from the LSI)
Operating temperature Topr —20to +75 °C
Storage temperature Ty -55to +125 °C
Notes: 1. Applies to the HD4074394 TEST (V,;) pin.
2. Appliesto D, to D, RO, R13, R2, and R3, to R3,.
3. Applies to R1,to R1,.
4. The allowable total input current is the sum of the currents flowing from all the I/O pins
to ground at the same time.
5. The allowable total output current is the sum of the currents flowing from V. to all the
I/O pins at the same time.
6. The allowable input current is the maximum value of the currents flowing from each I/O
pin to ground.
7. Appliesto D,, D,, R1, and R2.
8. Appliesto D,, D,to D., RO, and R3, to R3,.
9. The allowable output current is the maximum value of the currents flowing from V. to

each I/O pin.

Use of this LSI at levels that exceed the absolute maximum ratings can permanently
damage the LSI. Also note that it is desirable to use this LS| within the conditions specified
in the “Electrical Characteristics” section during normal operation. Exceeding those
conditions can cause the LSI to operate incorrectly and may adversely affect LS| reliability.

All voltage values are referenced to ground.
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25.2.2

Electrical Characteristics

(1) DC Characteristics

Tables 25-8 to 25-10 list the DC characteristics of the HD404394 Series microcomputers.

Table25-8 DC Characteristics (HD404394 Series)

Vee=271t055V,GND =0V, T, =-20to 75°C unless specified otherwise.

Applicable Rated Value Test
Item Symbol Pins Min Typ Max Unit Conditions Notes
Input high " RESET, 0.8V, — Ve + 03V
level voltage STOPC,

INT,, SCK,

EVNB

Sl 0.7 V¢ Ve +0.3

0OSC, Vee—05 — Ve +0.3
Input low level V, RESET, -0.3 — 02V, V
voltage STOPC,

INT,, SCK,

EVNB

Sl -0.3 — 0.3 V¢

0SC, -0.3 — 0.5
Output high Vg, SCK, SO, Vee—1.0 — — \Y, —loy = 0.5 mA
level voltage TOC
Outputlow Vg SCK, SO, — — 0.4 \Y, lo, = 0.5 MA
level voltage TOC
I/O leakage |1 | RESET, — — 1 HA V,=0VtoV, 1
current STOPC,

SCK, INT,,

Sl, SO,

EVNB, TOC,

0SC,
Active mode I, Ve — — 35 mA V=5V, 2
current drain fosc =4 MHz

leco — — 0.4 Ve =3V,
fosc = 400 kHz
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Table25-8 DC Characteristics (HD404394 Series) (cont)

Vee=27t055V,GND =0V, T,=-20to 75°C unless specified otherwise.

Rated Value

Applicable Test
Item Symbol Pins Min Typ Max Unit Conditions Notes
Standby mode I, Ve — — 15 mA V=5V, 3
current drain fosc = 4 MHz
ISBYZ - - 0.2 Vcc =3V,
fosc =400 kHz
Stop mode  lgrop Ve — — 10 HA V., (RESET) =
current drain Vee—0.3V
to Ve,
V,, (TEST) =
0Vt 0.3V
Stop mode  Vgop Ve 2 — — \Y
data retention
voltage

Notes: 1. Except for the current flowing in the pull-up MOS transistors and output buffers.
2. The power supply current with the system in the reset state and no I/O currents flowing.

Test conditions

System state

Reset state

Pin states

At the ground potential
At the ground potential
At the V. potential

3. The power supply current with the system timers operating and no I/O currents flowing.

Test conditions

System state ¢ 1/0: The same as in the reset state

« Standby mode
Pin states e RESET ...covvvviien At the V. potential
¢ TEST i At the ground potential

D, to D;, RO to R3 .... Atthe V. potential
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Table25-9 Standard Pin 1/O Characteristics (HD404394 Series)

Vee=271055V,GND =0V, T,=-20to 75°C unless specified otherwise.

Rated Value

Applicable Test
Item Symbol Pins Min Typ Max Unit Conditions Notes
Input high Vi D, to Dy, 0.7 V¢ Ve +03V
level voltage RO, R1,, R2,

R3, to R3,
Input low level V, D, to Dy, -0.3 — 03V, V
voltage RO, R1,, R2,

R3, to R3,
Output high Vg, D, to Dy, Vee—1.0 — — \Y, —loy =0.5mA
level voltage RO,

R3, to R3,

R1,, R2 Vee— 05 — — 500 kQ at V.
Output low Vg D, to Dy, — — 0.4 \Y, loo = 0.5 MA
level voltage RO, R1,, R2,

R3, to R3,

D,, D,, — — 2.0 lo. =15 mA,

R1,, R2 V=45V to

55V

I/O leakage I, | D, to Dy, — — 1 HA V,=0VtoV., 1
current RO, R1,, R2,

R3, to R3,
Pull-up MOS -, D, to D, 30 150 300 HA Ve =5V,
transistor RO, V,=0V
current R3, to R3,

Note: Except for the current flowing in the pull-up MOS transistors and output buffers.
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Table 25-10 Medium Voltage NMOS Open Drain Pin 1/O Characteristics (HD404394 Series)
Vee=27t055V,GND =0V, T,=-20to 75°C unless specified otherwise.

Rated Value

Applicable Test

Item Symbol Pins Min Typ Max Unit Conditions Notes

Input high Vi R1,to R1, 0.7V — 12.0 \Y

level voltage

Input low level V,. R1,to R1, -0.3 — 0.3V, V

voltage

Output high Vg, R1,to R1, 11.5 — — \Y 500 kQ at 12 V

level voltage

Output low Voo R1,to R1, — — 0.4 \% loy = 0.5 mA

level voltage _ . 20 lo, = 15 MA,
Vee=45Vto
55V

/0 leakage |1, | R1,to R1, — — 20 HA V,=0Vto 1

current 122V

Note: Except for the current flow in the output buffers.

540
HITACHI



(2) AC Characteristics

Tables 25-11 and 25-12 list the AC characteristics of the HD404394 Series microcomputers.

Table 25-11 AC Characteristics (HD404394 Series)

Vee=271t055V,GND =0V, T,=-20to 75°C unless specified otherwise.

Applicable Rated Value Test
Item Symbol Pins Min  Typ Max Unit Conditions Notes
Clock oscillator fosc OSsC,, 0.4 4 4.5 MHz
frequency OSC,
Instruction cycle teye — 089 1 10 Us Clock divisor = 4
time (cerami