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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materias

1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5. Thisproduct is not designed to be radiation resistant.

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

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi
semiconductor products.
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List of Items Revised or Added for ThisVersion

Page | Item Description

— Timer Function Overview Prescaler W column amended

405 18.2.1 Timer Mode Register B1 (TMB1:$009) Note amended

418 18.4 Interrupts Series name amended

560 Table 25-21 Absolute Maximum Ratings Pin voltage HD404358 Series
(HD404358 and HD404358R Series) Rated Value amended

566 Table 25-25 AC Characteristics (HD404358 and Oscillator stabilization period
HD404358R Series) (crystal oscillator) Notes added

633 B.2 1/O Registers (2) Series name amended
$030—Data Control Register RO DCRO

636 B.2 1/0O Registers (2) Series name amended

$038—Data Control Register R8 DCR8
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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, aserial 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 HMCSA3X X Family: the HD404344R,

HD404394, HD404318, HD404358, HD404358R, HD404339, and HD404369 series. The
products in these series form afine-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 HMCS43X 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.
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Manual L ayout

The microcomputers in the HMCSA3X 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 describe @ L [ ] [ ] [ ] [ ]
Section 3: CPU the HMCS400 CPU and - ° ° ° ° °
its internal states.
Section 4: Exception [ [ J [ J [ J o o
Handling
Section 5:  Low Power [ J [ J o o — —
Modes
Section 6: Low Power — — — — [ J [ J
Modes
Section 7:  1/O Ports These sections describe @ L [ ] [ ] [ ] [ ]
. . the peripheral functions
Section 8: 1/0O Port: —_ [ ] — — — —
ection O Used in the HMCS43XX
Section 9: 1/O Ports Family. Note that the — — [ ] — — —
- ) peripheral functions
Section 10: I/O Ports actually present differ — — — (] — —
Section 11: I/O Ports between product series. _ — — — [ J —
Section 12: /0 Ports — — — — — o
Section 13: Oscillator [ J [ J o o — —
Circuits
Section 14: Oscillator — — — — [ J [ J
Circuits
Section 15: A/D [ ] [ ] (] (] [ [
converter
Section 16: Prescaler [ ] [ ] [ [ [ [
Section 17: Timer A — — [ J [ J [ J [ J
Section 18: Timer B L o ® (] [ ] (]
Section 19: Timer C [ [ J [ o [ )
Section 20: Serial [ ] [ ] [ [ ] [ ) [ J
Interface
Section 21: Alarm Output — — L [ ] [ ] [ ]
Section 22: ROM [ J [ J [ J [ J [ J [ J

Section 23: RAM [ [ [ o [ o
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HD404358/
HD404344R HD404394 HD404318 HD404358R HD404339 HD404369

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

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

Section 25: Electrical [ ] [ [ ] [ [ J ®
Characteristics

Appendices [ [ J [ J [ J o o

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.
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Function Overview

HD404344R HDA404394  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 1/2/4 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™)
110 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/ID AID AID AID A/ID A/ID AID
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 2 or4 by 2 or4 by 2 or4 by 2 or 4 by 2 or4 by 2 or 4
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
A/D Channels 4 3 8 8 8 12 12
converter | o Off Yes Yes Yes Yes Yes Yes Yes
V. pin — Built-in — — — — —

Note: * Under development
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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 0.4 to 0.4 to 0.4to 0.4to 0.4to 0.4to 0.4 to
4.5 MHz 4.5 MHz 4.5 MHz 5.0 MHz 5.0 MHz 4.5 MHz 5.0 MHz
10to (5 MHz (5 MHz (5 MHz
3.5 MHz versions) versions) versions)
(CR versions) 0.4to 0.4 to 0.4 to
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
COC.” " (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
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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 — o0 o0 — 0 O
Watchdog — O — — O — — O
PWM - oo —-— — o — — 0

Input capture

|
|
|
O
|
|
O
|
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Section1 Overview

1.1 Overview

The products in 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
64 pins s
General-purpose ( HD404364/8/12/9 )

( HD40A4364/8/12/9 )

. ZTAT™( HD407A4359 )
42 pins

HD404354/6/8
(_ HD40A4354/6/8 )

ZTAT™( HD407A4359R

HD407C4359R } HD404358R Series

HD404369 Series
Twelve A/D converter channels
Medium voltage pins provided

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

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

ZTAT™( HDA4074344 )

HD404341R/2R/4R )

HD404344R Series
Four A/D converter channels

(HD4OC4341R/2R/4R> NMOS high current pins provided
HD404394 Series
HD4074394 Three A/D converter channels
HD404391/2/4 Medium voltage pins provided
64 pins ZTAT™( HD4074339 ) | HD404339 Series
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 HM CS43XX Family
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Table 1-1 lisss 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
Serles 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
HD40C4344RFT 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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Table1-1

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 HD4074394S 4,096 256 DP-28S
HDA4074394FP 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
8.5MHz  HD40A4354 HDA40A4354S 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
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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
85MHz  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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Table1-1 Product Lineup (cont)

ROM RAM
Series ROM Type Product Model (Words) (Digits) Package
HD404339 Mask ROM HD404334 HD404334S 4,096 512 DP-64S
Series HDA404334FS FP-64B
HD404336 HD404336S 6,144 512 DP-64S
HD404336FS 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
HD404339FS 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 HDA0A4364F 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 CS43XX Family Functional Overview
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HM CS43XX Family Functional Overview (cont)
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HM CS43X X Family Functional Overview (cont)
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HM CS43XX Family Functional Overview (cont)

Table1-2
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12 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 [ 8 - N
n nlo OO0 o
L N R =z
T oo TP
4
vy oy 3 [} 7
Do
HMCS400 CPU — Dyl
—( -l anet
) s
Dy
Ds
ROM RAM
< ROq
g RO,
iNT- External interrupt g RO,
0 control circuit RO3
H R1,
! . 5 R1,
EVNB T|r_ner B (8 bits) a R1
(reload timer/event counter) |~ ) 2
o R13
TOC Timer C (8 bits) — - R2,
(reload timer/watchdog timer) s R2,
g R22
SCK R23;
SI Clock synchronous 8-bit |
SO serial interface — R3,
a— -} R3;
ANg @ R3,
AN, Four-channel S R33
AN, A/D converter —
ANj L
: High current pins
Product ROM (Words) RAM (Digits)
HD404341R 1,024 256
HD40C4341R
HD404342R 2,048
HD40C4342R
HD404344R 4,096
HD40C4344R

HD4074344 4,096

Figure1-2 HD404344R SeriesInternal Block Diagram
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RESET
TEST

STOPC
0S¢,
-~ 0SC,
Vee
GND

HMCS400 CPU

J

ROM RAM

External interrupt

D port
]

)

w

RO
RO,
- R03

RO port

R1 port

———————

R2 port

R3 port
py)
w
N

INTo " control circuit
Timer B (8 bits)

EVNB (reload timer/event counter)
TOC Timer C (8 bits)

(reload timer/watchdog timer)
gICK Clock synchronous 8-bit
20 serial interface
AN,
AN, Three-channel
ANz A/D converter
Vref
Product ROM (Words) RAM (Digits)
HD404391 1,024 256
HD404392 2,048
HD404394 4,096
HD4074394 4,096

1t High current pins
[ ]: Medium voltage NMOS open

drain pins

I Standard voltage NMOS open

drain high current pins

Figure 1-3 HD404394 SeriesInternal Block Diagram
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DR

- o

o hlo OO =

L wn n p=d

il OO0 SO

[ | ] | 4 | |

[ [

HMCS400 CPU

) ;
o
[a)

ROM RAM

INT, External interrupt

INT, control circuit
Timer A (8 bits)

(free-running timer)

Timer B (8 bits)

EVNB (reload timer/event counter)
Timer C (8 bits)

ToC (reload timer/watchdog timer)

gICK Clock synchronous 8-bit

S0 serial interface

BUZZ Alarm output

ANg

AN,

AN,

ANy

AN, Eight-channel

ANsg A/D converter

ANg

AN,

AVce

AVsg

Product ROM (Words) RAM (Digits)

HD404314 4,096 384

HD404316 6,144

HD404318 8,192

HD4074318 8,192

Figure 1-4 HD404318 SeriesInternal Block Diagram
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2
'_ — I\
n nlo OO0 L0
LU [N%) Z
THFlb OO0 6
L[] ] | |
L2 T A L]
> D
HMCS400 CPU =1 D1
. D2
= [<f>Dj
0 LS
o 1= Ds
et Dg
ROM RAM I
et Dg
£ 1=R0,
INT, External interrupt S 1RO,
INT, control circuit 2 RO,
et RO4
Timer A (8 bits) e [ Sio
. . i 1
- o
(free-running timer) 2Ry,
[y PP N R1;
Timer B (8 bits) = R2,!
EVNB (reload timer/event counter) g R2,|
o R2,|
& R2!
Timer C (8 bits) P
ToC (reload timer/watchdog timer) 5 . ng
o
o [~=R3,
& et =R3;
SCK = - Clock synchronous 8-bit S
glo serial interface £ 1R
§ t~f=R4;
< [+~1t=R4,
el =R4,
BUZZ Alarm output —
& 1= R8;
A
AN © [~ RS,
ANS et~ R8,
AN, —
AN e
AN, Eight-channel g RAL
ANg A/D converter é
ANg
AN, —
AVce
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|Internal Block Diagram
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INT,
INT;

EVNB

TOC

SCK
Sl
SO

BUZZ

AN
AN,
AN,
AN
AN,
ANg
ANg
AN
AVce
AVss

l«+— RESET

l—TEST
|++— STOPC

=—0SC;

—f~ 0SC,
™1 Vcc
~— GND

HMCS400 CPU — Dy

D port
o
IN

ROM

RAM D,

External interrupt
control circuit

RO port

Timer A (8 bits) Rlo
(free-running timer) |

R1 port

Timer B (8 bits) R2,
(reload timer/event counter)

R2 port

Timer C (8 bits)
(reload timer/watchdog timer)

R3 port

Clock synchronous 8 bits
serial interface — R4q

R4 port
P
k2

Alarm output

Eight-channel
A/D converter

R8 port

RA port
>
2

Product

ROM RAM
(Words) (Digits)

| : NMOS high current pins

HD404354R/HD40A4354R/HD40C4354R 4,096

HD404356R/HD40A4356R/HD40C4356R 6,144

512

HD404358R/HD40A4358R/HD40C4358R 8,192

HD407A4359R/HD407C4359R

16,384

14

Figure1-6 HD404358R SeriesInternal Block Diagram
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Product

EVNB

TOC

SCK
SI
SO

ROM RAM
(Words) (Digits)

HD404334
HD404336
HD404338
HD4043312
HD404339
HD4074339

4,096 512
6,144

8,192

12,288
16,384
16,384

~T—RESET
1T TEST
~T—STOPC
< osc,
1. osc,
X1

—= X2
~1—Vec
l«+—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

EEEEEEEEREEEN

)

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

I EEEEERERERERE
A

<1 R0,
1= RO,
1= RO,

Fret
!
2

[

[ HIT HIT R
& ES

Pit
!
3

| R7 port || R6 port | | R5 port || R4 port || R3 port || R2 port || R1 port || RO port ||

|+ High voltage pins

Figure1-7 HD404339 Series I nternal Block Diagram
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R
'_ - N
n nl0 O O o2
LU 3%} z
CEbh OOXRSG
[ [ [ [ 4] & ||
20 2 I I I — |
HMCS400 CPU -— <]
Ny
ROM RAM K a
INT, External interrupt =1
INT; control circuit — 1
Timer A (8 bits) — 8]
(free-running timer/ _ 2
clock time base) L
£ |+
EVNB Tlmer B (8 bits) — K B 2— I
(reload timer/event counter) O |
£ |
Timer C (8 bits) — kK & ™
Toc (reload timer/watchdog timer) & :
SCK g1
al Clqck s;_/nc_hronous — -1
8-bit serial interface %]
SO [rqy
£ 1]
BUZZ Alarm output — k] = :
g [
ANg M |
AN, g
AN, < S
AN e [
ANy —
ANg s
ANg Twelve-channel K 2 [7]
AN, A/D converter — g [
ANg L |
ANg g
ANy S lud
ANy, < 2
AVce @
AVsg
\
ROM  RAM O O
Product (Words) (Digits) | | | | | |
HD404364/HD40A4364 _ 4,096 512 RA port | | R port || R8 port
HD404368/HD40A4368 8,192 t 1 i 1 i i 1 i 1
HD4043612/HD40A43612 12,288 < SHFAS S50
HD404369/HD40A4369 16,384 o rrry ooeoeo
HDA407A4369 16,384 2 Medium voltage NMOS open drain pins
Figure 1-8 HD404369 Series Internal Block Diagram
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1.3 Pin Functions

131 HDA404344R 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

Rlo (1 O 281 Ds
R1; ]2 271 D,/STOPC
R1, ] 3 261 Dg
Rl; [ 4 251D,
R2,[] 5 241D,
R2, ] 6 23] Do/INTG/EVNB
R2, ] 7 DP-28S  22[ ] RO4/TOC
R23[]8  FP-28DA  21[1R0,/SO
0SC;[]9 201 RO,/SI
0SC, [] 10 19 [ ROG/SCK
GND ] 11 18 [1 RESET
R3o/ANg [] 12 17 [ TEST
R31/AN; [] 13 16 ] Ve
R3,/AN, [] 14 15[ R34/AN3
HD404394 Series
R, 1 O 281 Ds
R1, ]2 27 [ D,/STOPC
R1, ] 3 261 Dg
Rl;[] 4 251D,
R2,[]5 241D,
R2;[]6 23 [ Do/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 [] ROG/SCK
GND [] 11 18 [ 1 RESET
Viet [] 12 17 ] TEST
R31/AN; [] 13 16 [J Ve
R3,/AN, [] 14 15[ R34/AN3

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

R, (]1 O 30| Dg
R1, ]2 291 D,/STOPC
R1,[]3 281 Dg
R1; ] 4 27D,
R2, ] 5 261D,
R2, ] 6 25 ] Do/INTG/EVNB
R2, |7 24 [ RO4/TOC
R2;[]8 FP-30D  23[] R0,/SO
0SCq,[]9 22 [1 RO,/SI
0SC, [] 10 21 [ ROG/SCK
GND ] 11 20 1 RESET
NC [] 12 19[] TEST
R3g/ANg [] 13 181 Vee
R34/AN; ] 14 17 NC
R3,/AN, [] 15 16 [] R33/AN3

Note: No connections should be made to NC pins.

HD404394 Series

RLb(]1 O 30[1Ds
R1, ]2 291 D,/STOPC
R1, ] 3 281 Dy
Rl;[] 4 27D,
R29[]5 261D,
R2,[]6 251 Do/INTo/EVNB
R2, 7 24 ] RO4/TOC
R2;[] 8 FP-30D  23[] R0,/SO
0SC; [ 9 221 RO,/SI
0SC, [] 10 21[7] ROG/SCK
GND [ 11 20 1 RESET
NC [] 12 19 [ TEST
Vier (] 13 181 Vee
R3,/AN; [] 14 17 NC
R3,/AN, [] 15 16 [] R33/AN;

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
1/0O 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
1/0O port I/O port

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

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

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

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

9 9 0OSsC, System clock oscillator connection: input

10 10 0OSsC, 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/O port/analog input channel

14 15 R3,/AN, Standard voltage 1/0 port/analog input channel

15 16 R3./AN, Standard voltage 1/0 port/analog input channel

16 18 Ve Power supply

17 19 TEST Test

18 20 RESET Reset

19 21 R0,/SCK  Standard voltage 1/O port/serial transfer clock 1/0

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 R0O,/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.

Table1-4 HD404344R and HD404394 Series Pin Functions

Type Symbol 110 Function

Power supply Ve — Power supply: Connect to the system power supply.
GND — Ground: Connect to the system ground
Vo — Analog reference voltage (HD404394 Series):

Connection for the A/D converter internal resistor
ladder power supply.

Clock OSsC, 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.

0OSsC, 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: 1/O 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, 110 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): I/O pins that can be
accessed as a 4-bit unit. Pins R1, to R1, are medium
voltage I/0 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/0 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/0 R3 port: Standard 1/O 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/0 Serial transfer clock I/O: 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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132

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

RAYVaisp 11 O 421 R2;
RO/SCK [ 2 41 R2,
RO,/SI ] 3 401 R2,;
R0,/SO [ 4 391 R2,
RO4/TOC [] 5 381 R
TEST[]6 37 R1,
RESET [ 7 361 R1,
0SC; []8 351 R1,
0SC, ]9 3471 R8;
GND [ 10 331 R8,
AVgs[]11 DP-42S 32 Rs,
R3¢/ANg [] 12 311 RS,
R3/AN; [] 13 301 Dg
R3,/AN, [] 14 291Dy
R33/AN3 [] 15 281 Dg
R4¢/AN4 [] 16 27 Ds
R44/ANs [] 17 26 [1 D,/STOPC
R4,/ANg [] 18 25|71 D4/BUZZ
R44/AN7 [] 19 24|71 D,/EVNB
AVce [ 20 231 D4/INT;
Vec ] 21 221 Dy/INT,
RA L O 42 R2,
RO,/SCK [] 2 411 R2,
RO,/SI ] 3 40 R2,
R0,/SO [ 4 39 [ R2,
RO3/TOC ] 5 38 R1,
TEST[]6 37[R1,
RESET [ 7 361 R1,
0SC; []8 351 R1,
0SC, []9 34|71 R8;
GND [ 10 331 RS,
AVgs |11 DP-42S  33[Rg,
R3¢/ANg [] 12 311 R8,
R3,/AN; [] 13 30[1Dg
R3,/AN, [] 14 291Dy
R33/AN3 [] 15 281 Dg
R4¢/AN4 [] 16 27 Dg
R4,/ANs [] 17 26 [1 D,/STOPC
R4,/ANg [] 18 2571 Dy/BUZZ
R43/AN7 [] 19 2471 D,/EVNB
AVcc [ 20 23 D4/INT,
Vee [ 21 22 [ Dg/INT,

(DP-42S Package: Top View)

RENESAS

Figure1-11 HD404318, HD404358 and HD404358R Series Pin Arrangements
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ST |

Ozd [

Ted [

e [

fzd [
dSPATY [
MOS/od [
IS/fod [
0s/fod [
201/f08 ]

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

[ 1ON

[—1zzngfa
1 aNAFFa
[ 1TiINI'a
[ 1°LNIa
H_ oo>
| 20AY
1 ‘NV/EPY
1 °Nv/Ard
1 °Nv/"vd

2
osc,[]3
0SC, |4
GND |5
Avgs |6

R3/ANg [ 7
R3,/AN; (|8
R3,/AN, [ 9
R33/AN; [ 10
R4g/AN, |11

TEST 1

RESET

[ 10dols/’a

HD404358/

ST |

Ozd [

Ted [

Ced [

4

vy [
MOS0 [
IS/fod [
0Ss/fod [
201504 ]

33 1R1,
32[RY,
31[1R1,
30[1R8s
29 1RS8,
28 1R8,;
27[1RS8,
26 __1Dg
251Dy
24 1Dg
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

[ 12doLs/"a
[ 1zzna/ta
1 49NA3FQ
[ 1TNI'a
[ 191NI°a
H_ Uo>

[ 12°Av
[T “NV/Frd
1 °NV/2pd
[ 15NV/'vd

]2
osc,; 3
0sc, 4
GND[]5
AVess |6
R3g/ANg [ 7
R3,/AN, |8
R3,/AN, |9
R33/AN; [ 10
R4o/AN, [ 11

TEST 1

RESET

Figure1-12 HD404318, HD404358 and HD404358R Series Pin Arrangements
(FP-44A Package: Top View)
RENESAS
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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
(Vasp)*  port/high voltage pin  input port
output power supply
2 40 R0O,/SCK Standard voltage I/O port/serial transfer clock Standard voltage high
1/0 current I/O port/serial
transfer clock I/O
3 41 RO,/SI  Standard voltage I/O port/serial reception Standard voltage high
data input current 1/O port/serial
reception data input
4 42 R0,/SO Standard voltage I/O port/serial transmission Standard voltage high
data output current 1/O port/
serial transmission data
output
5 43 R0O,/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 0OSsC, 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: * Iltems in parentheses apply only to the HD404318 Series.
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Table1-5

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 Vee Power supply
22 17 D,/INT, High voltage I/O port/ Standard voltage I/0 port/external interrupt
external interrupt input input
23 18 D,/INT, High voltage I/O port/ Standard voltage I/O 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 1/O port/ Standard voltage 1/O port/alarm output
alarm output
26 21 D,/ High voltage I/O port/ Standard voltage I/O port/stop mode clear
STOPC stop mode clear
27 23 D, High voltage I/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
28 24 D; High voltage I/O port Standard voltage /O  Standard voltage high
port current 1/0O port
29 25 D, High voltage I/0 port Standard voltage /O  Standard voltage high
port current 1/0O port
30 26 D, High voltage I/0 port Standard voltage /O  Standard voltage high
port current 1/0O port
31 27 R8, High voltage I/0 port Standard voltage /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/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
34 30 R8, High voltage I/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
35 31 R1, High voltage I/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
36 32 R1, High voltage I/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
37 33 R1, High voltage I/0 port Standard voltage I/O  Standard voltage high
port current 1/0O port
38 34 R1, High voltage I/0 port Standard voltage /O  Standard voltage high
port current 1/0O port
Note: No connections should be made to NC pins.
26
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Pin Function

HD404318, HD404358 and HD404358R Series Pin Assignments (cont)

HD404318 Series

HD404358 Series

HD404358R Series

High voltage 1/0O port

Medium voltage 1/0
port

Standard voltage high
current 1/0O port

High voltage I/0 port

Medium voltage 1/0
port

Standard voltage high
current I/O port

High voltage 1/0O port

Medium voltage 1/0
port

Standard voltage high
current 1/0O port

High voltage I/0 port

Medium voltage 1/0
port

Standard voltage high
current I/O port

Table1-5
Pin No.

DP-42S FP-44A Pin
39 35 R2,
40 36 R2,
41 37 R2,
42 38 R2,
— 22 NC
— 44 NC
Note:

No connections should be made to NC pins.
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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 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 puF) 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 (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.

28
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Table1-6 HD404318, HD404358 and HD404358R Series Pin Functions (cont)

Type Symbol 110 Function

Port D, to Dy 110 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 /O pins
(CMOS three state) that can be accessed in 1-bit units.

D port (HD404358R Series): Standard voltage I/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, 110 RO port: Standard voltage 1/0 pins (CMOS three state)
that can be accessed as a 4-bit unit.

RO port (HD404358R Series): Standard voltage high
current 1/0 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, 110 High voltage R1 port (HD404318 Series): High
voltage 1/0 pins (PMOS open drain) that can be
accessed as a 4-bit unit.

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

R1 port (HD404358R Series): Standard voltage high
current 1/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, 110 High voltage R2 port (HD404318 Series): High
voltage I/0 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 1/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, 1/0 R3 port: Standard voltage 1/0 pins (CMOS three state)
that can be accessed as a 4-bit unit.

R4, to R4, 110 R4 port: Standard voltage 1/0O 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 /0 Function

Port R8, to R8, I/0 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 1/O pins
(CMOS three state) that can be accessed as a 4-bit
unit.
R8 port (HD404358R Series): Standard voltage large
current 1/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 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/0 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 7: Analog input channels

for the A/D converter.

Note: * Apply to the HD404358R Series.
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133

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, ]
R0,/SCK [
RO,/SI [
R0,/SO ]
RO5/TOC ]
TEST ]
RESET []
0osc, [
0SsC, ]
GND [}

X1 []

X2 []

AVss ]
R30/ANg [
R3,/AN; [
R3,/AN, [
R35/AN3 [
R4o/AN, ]
R4,/ANs [
R4,/ANg [
R44/AN; [
R50/ANg [
R5,/ANg [
R5,/ANo [
R53/AN1, [}
AVcc [

O©CO~NOOUTAWNPE

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
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50
49
48
47
46
45
44
43
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41
40
39
38
37
36
35
34
33

] RAllvdisp
C1R2;
1R2,
1R2;
C1R2,
C1R1;
1R1,
1R1,
1R1,
—1R9;
1R9,
—1R9,
—1R9,

[ 1R8;3
—1RS8,

[ 1R8;
—1R8g

[ 1D13
1D,
1Dy
1Dy
[1Dg

[ 1Dg
1D,

[ 1Dg

[ 1Ds

1 D,/STOPC
1 Ds/BUZZ
1 D,/EVNB
1 D4/INT,
1 Dg/INT,
1Vee

HD404369 Series

R6o ]

R6, ]

R6, ]

R63 ]

R7, ]

R7, ]

R7, ]
R0o/SCK [
RO,/SI ]
R0,/SO ]
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TEST [}
RESET []
0sc, [
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GND [}
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X2 [
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R3,/AN, [
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R4,/ANg [
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R5,/ANg [
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Figure 1-13 HD404339 and HD404369 Series Pin Arrangements
(DP-64S Package: Top View)
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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/0 port
2 60 R6, Standard voltage 1/0 port
3 61 R6, Standard voltage 1/0 port
4 62 R6, Standard voltage I/0 port
5 63 R7, Standard voltage 1/0 port
6 64 R7, Standard voltage 1/0 port
7 1 R7, Standard voltage I/0 port
8 2 R0,/SCK Standard voltage 1/0O port/serial transfer clock 1/0
9 3 RO,/SI Standard voltage 1/0 port/serial reception data input
10 4 R0,/SO Standard voltage I/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 0OSsC, System clock oscillator connection: input
15 9 OsC, 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 AV Analog ground
20 14 R3,/AN, Standard voltage 1/0 port/analog input channel
21 15 R3,/AN; Standard voltage 1/0 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,/ANg Standard voltage 1/0 port/analog input channel
26 20 R4,/AN, Standard voltage 1/0 port/analog input channel
27 21 R4,/AN, Standard voltage 1/0 port/analog input channel
28 22 R5,/ANg Standard voltage I/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 HD404339 Series HD404369 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 1/0 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 1/0 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 I/0 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 I/0 port Standard voltage 1/O port

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

41 35 D, High voltage 1/O port Standard voltage 1/O port

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

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

44 38 Do High voltage 1/O port Standard voltage 1/O port

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

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

a7 41 D High voltage 1/O port Standard voltage 1/O port

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

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

50 44 R8, High voltage 1/O port Standard voltage 1/O port

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

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

53 47 R9, High voltage 1/O port Standard voltage 1/O port

54 48 R9, High voltage I/0 port Standard voltage 1/O port

34
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Table1-7

HD404339 and HD404369 Series Pin Assignments (cont)

Pin No. Pin Function
DP-64S FP-64B Pin HD404339 Series HD404369 Series
55 49 R9, High voltage 1/O port Standard voltage 1/O port
56 50 R1, High voltage 1/O 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/O port Medium voltage I/O port
59 53 R1, High voltage 1/O 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/O port Medium voltage I/O port
62 56 R2, High voltage 1/O 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: * Iltems 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.

Table1-8 HD404339 and HD404369 Series Pin Functions

Type Symbol

110

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 0OSsC,

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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Table1-8 HD404339 and HD404369 Series Pin Functions (cont)

Type Symbol 110 Function

Port D,to D,, 110 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 1/0 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, 110 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 I/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/0 pins (PMOS open drain) that can be
accessed as a 4-bit unit.

Medium voltage R2 port (HD404369 Series): Medium
voltage 1/0 pins (NMOS open drain) that can be
accessed as a 4-bit unit.

R3,t0 R3, 110 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/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

R5, to R5, 110 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/O pins (CMOS three state) that
can be accessed as a 4-bit unit.

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

R8, to R8, 110 High voltage R8 port (HD404339 Series): High
voltage I/0 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 I/0 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/0 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 BUZzz 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 1/0 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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Section 2 Memory

21 Overview

Table 2-1 lists ROM and RAM capacities of the productsin the HMCS43X X Family.

Table2-1 ROM and RAM Capacities

Series Product ROM RAM
HD404344R 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
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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 $0FFF. 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.
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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 ( JMPLhinstruction ;
16 words — (Jumps to the reset and stop —
$(())(())25 ( ) | $0001 mode clear handling routine)
$ Zero page subroutine area |\ $0002 IMPL instruction
(64 words) \ — (Jumps to the INTq interrupt —
$003F \ $0003 ; )
$0040 handling routine)
1-kword ROM product | $0004 | ]
program/pattern area ' $0005
(1,024 words) | — Unused _—
! $0006
$03FF ' — _ |
$0400 \ $0007
2-kword ROM product | $0008 JMPL instruction
program/pattern area \ — (Jumps to the timer B —
(2,048 words) $0009 interrupt handling routine)
$07FF | $000A JMPL instruction
| — (Jumps to the timer C —
$0800 | $000B interrupt handling routine)
4-kword ROM product \ JMPL instruction
program/pattem area $oooc — (Jumps to the A/D converter —
(4,096 words) \ $000D interrupt handling routine)
$OFFF $000E JMPL instruction
$1000 | — (Jumps to the serial interface —
1 $000F interrupt handling routine)
Unused
$3FFF

Note: The program/pattern area differs between different products in these series.
ROM Pattern Area Program Area
. 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 Series ROM 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 —
2?)3(1)5 - ] $0001 mode clear handling routine)
Zero page subroutine | $0002 IMPL instruction
$003F area (64 words) — (Jumps to the INTg interrupt —
$0040 \\ $0003 handling routine)
4-loword ROM orod $0004 JMPL instruction
s product \ — (Jumps to the INTy interrupt —
program/pattern area $0005 handling routine)
(4,096 words) | $0006 JMPL instruction
$OFFF ) — (Jumps to the timer A~ —
$1000 v $0007 interrupt handling routine)
6-kword ROM product ' $0008 JMPL instruction
program area | — (Jumps to the timer B —
$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)
| 000C JMPL instruction
$2000 $
| — (Jumps to the A/D converter —
12-kword ROM product . $000D interrupt handling routine)
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

Note: The program area differs between different products in these series.
ROM Product Program Area
. roauc!
Capacity u Addresses Capacity
HD404354R
4kword | HD404314 Egigﬁz‘; , |HD40A4354R | HD404334 Egjo“Ai644 $0000 to $OFFF | 4,096 words
HD40C4354R 0A436
HD404356 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 :gig;@ﬁggg Egjg‘;iggg HD40A4369 | $0000 to $3FFF | 16,384 words
HD407A4369
Figure2-2 HD404318, HD404358, HD404358R, HD404339, and
HD404369 Series ROM Memory Map
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2.3 RAM

Figure 2-3 shows the RAM memory map for the microcomputersin the HD404344R and
HDA404394 Series.

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) T W
Memory register (MR) | | $006 | Serial data register L (SRL) 'RW
$050 | $007 | Serial data register U (SRU) ! RIW
Data ! Unused I
(176 digits) | $009 | Timer mode register B1 (TMB1) ' W
\ N [$OOA Timer B TRBL/TWBL) ' RIW
$100 ! $00B (TRBU/TWBU) , RIW
I $00C | Miscellaneous register MIS) W
\ $00D | Timer mode register C (TMC) ' W
! N [$OOE Timer C (TRCL/TWCL) | RIW
w‘ $o0F | ''mer (TRCUITWCU) | RIW
Unused '
\ Unused
1
|
$3C0 Stack \ $016 [ A/D channel register (ACR) | W
64 j.c it ! $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) T W
| Unused
\ $020
| Register flag area
! $023
' $024 | Port mode register B (PMRB) '+ W
\ $025 | Port mode register C (PMRC) T W
! $026 | Port mode register B2 (TMB2) I W
| Unused
\ $02C |Data control registers Dgto 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
! $033 | Data control register R3 (DCR3) | W
Symbols |
R:  Read only |
W:  Write only | Unused
R/W: Read/Write \
Lo $03F
Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
$00A | Timer read register BL (TRBL) 1 R | Timer write register BL (TWBL) 1 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 (TWCL) W
$00F | Timer read register CU (TRCU) ' R Timer write register CU (Twcu) '+ w

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

RAM address RAM address
$o0c0 [ 1 $000
RAM mapped Interrupt control bit area
register area $003
$004 | Port mode register A (PMRA) « W
$040 H $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
| $009 | Timer mode register B1 (TMB1) | W
Data ' . [$OOA Timer B (TRBL/TWBL) ' R/W
(304 digits) \ so0B | Mer (TRBU/TWBU) | R/W
| $00C | Miscellaneous register MIS) | W
$180 | $00D | Timer mode register C (TMC) ' W
\ N [$00E Timer © (TRCL/TWCL) | RIW
| $0oF | ''mer (TRCUITWCU) | RIW
"\ Unused
Unused | $016 | A/D channel register (ACR) | W
| $017 | A/D data register L (ADRL) ' R
i $018 | A/D data register U (ADRU) ' R
‘ $019 | A/D mode register 1 (AMR1) | W
| AID d ister 2 AMR?2) |
$3C0 Stack ' $01A mode register ( )l W
3FF (64 digits) !
$ \ Unused
\ $020
' Register flag area
| $023
| $024 | Port mode register B (PMRB) I W
' $025 [ Port mode register C (PMRC) | W
| $026 [ Port mode register B2 (TMB2) | W
\
\ Unused
y\
\ $030 [ Data control register RO (DCRO) | W
H 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

44

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) 1 w
$00F | Timer read register CU (TRCU) ' R | Timer write register CU (Twcu) '+ w
Figure2-4 HDA404318 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 T 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) ' RIW
$050 | $007 [ Serial data register U (SRU) | RIW
! $008 | Timer mode register A (TMA) ' W
Data . $009 | Timer mode register B1 (TMB1) 1 W
\ T
304 digits)*2 «1[S00A [ (TRBL/TWBL) | RIW
(304 digits) | U500 | Timer B (TRBUITWBU) ' RIW
$180 . $00C | Miscellaneous register MIS) T W
! $00D | Timer mode register C (TMC) ' W
Data | ,l[$00E Timer C (TRCL/TWCL) ' RIW
(432 digits)*3 ! $OOF (TRCU/TWCU) | RIW
$200 |
| Unused
Unused \
\ $016 | A/D channel register (ACR) ' W
| $017 | A/D data register L (ADRL) | R
$3C0 | $018 | A/D data register U (ADRU) ' R
Stack | $019 [ A/D mode register 1 (AMRL) « W
$3FF (64 digits) ! $01A | A/D mode register 2 (AMR2) | W
\
‘\‘ Unused
\
\ $020
| Register flag area
! $023
| $024 [ Port mode register B (PMRB) ' W
! $025 | Port mode register C (PMRC) i W
| $026 | Port mode register B2 (TMB2) | W
'A
\ Unused
'l
1 -
' $02C | Data control registers Dg to D3 (DCDO) ;, W
H $02D | Data control registers D4 to D7 (DCD1) ' W
H $02E | Data control register D8 (DCD2) 1 W
\ $02F Unused !
| $030 [ Data control register RO (DCRO) ' W
! $031 [ Data control register R1 (DCR1) , W
| $032 | Data control register R2 (DCR2) T W
| $033 | Data control register R3 (DCR3) '« 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 L N §Q37F7
Notes: 1. Two registers are mapped to the same address at locations $00A, $00B, $00E, an F.
i d to th dd I i $00A, $00B, $00 d $00
$00A | Timer read register BL (TRBL) IR 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 (TWCL) + w
$0OF | Timer read register CU (TRCU) + R Timer write register CU (Twecu) '+ w

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.

RAM address RAM address
s$o00 [ | $000°
RAM mapped 003 Interrupt control bit area
register area $004 | Port mode register A (PMRA) + W
$040 B $005 [ Serial mode register (SMR) | W
. ! $006 | Serial data register L (SRL) ' RIW
Memory register (MR) \l‘ $007 | Serial data register U (SRU) ' RIW
$050 \ $008 | Timer mode register A (TMA) T W
| $009 | Timer mode register B1 (TMB1) ' W
\ « [$00A | . TRBL/TWBL) ' RIW
Data | (o0 [Timer 8 (TRBU/TWBU) | RIW
(432 digits) \ $00C | Miscellaneous register MIS) ; W
9 H $00D | Timer mode register C (TMC) ' W
! N [$OOE Timer C (TRCL/TWCL) | RIW
\ $00F | ' (TRCUITWCU) | 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 (AMRI) T W
\ $01A |A/D mode register 2 (AMR2) T W
$3C0 Stack |
$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
i $027 | System clock selection register 1 (SSR1) | W
1 $028 [ System clock selection register 2 (SSR2) ; W
\

Symbols

R: Read only
W:  Write only
R/W: Read/Write

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
$036 | Data control register R6 (DCR6) | W
$037 | Data control register R7 (DCR7) | W

Unused

Note: * Two registers are mapped to the same address at locations $00A, $00B, $00E, and $00F.
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$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
$0OE | Timer read register CL (TRCL) R Timer write register CL (TWCL) W
$OOF | Timer read register CU (TRCU) ' R | Timer write register CU (Twev) - 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
$o00 [ 1
RAM mapped Interrupt control bit area
register area $003 - -
$004 | Port mode register A (PMRA) i W
$040 - $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) T W
\ $009 | Timer mode register B1 (TMBL) ' W
| N [$OOA Timer B (TRBL/TWBL) ' RIW
Data ! $00B (TRBU/TWBU) | RIW
(432 digits) | $00C [ Miscellaneous register MIS) | w
| $00D | Timer mode register C (TMC) ' W
| * [$00E Timer C (TRCL/TWCL) | RIW
! $00F (TRCU/TWCU) | RIW
$200 !
i Unused
Unused 1
| $016 | A/D channel register (ACR) | W
$3C0 | $017 [ A/D data register L (ADRL) I R
Stack i $018 | A/D data register U (ADRU) ' R
$3FF (64 digits) \ $019 [ A/D mode register 1 (AMRI) | W
\ $01A [ A/D mode register 2 (AMR2) ™ 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
‘ $027 [ System clock selection register 1 (SSR1) | W
| $028 | System clock selection register 2 (SSR2) ;| W
\
\ Unused
\ $02C | Data control registers Dg to D3 (DCDO) | W
\ $02D | Data control registers Dato D7~ (DCD1) @ W
| $02E | Data control registers Dgto D13 (DCD2) 1 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) 1 W
| $035 | Data control register R5 (DCR5) | W
' $036 | Data control register R6 (DCR6) | W
| $037 | Data control register R7 (BCR7) ' W
i $038 | Data control register R8 (DCR8) | W
Symbols ' $039 | Data control register R9 (DCR9) | W
R:  Read only |
. ; \
W:  Write only .\ 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) 1 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 (TWCL) 1 w
$O0OF | Timer read register CU (TRCU) ' R | Timer write register CU (Twcu) + w
Figure 2-7 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 O with a REM 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 2-2 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 N 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 Bit0
IMO IFO RSP IE
(INTq interrupt (INTg interrupt (Stack pointer | (Interrupt enable
mask) request flag) reset) flag)
IMTA IFTA IM1 IF1
(Timer A interrupt | (Timer A interrupt| (INT interrupt (INTq 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 ilgterru(;)?r;\égﬁg;t
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 AreaInstruction Limitations
Instruction
SEM/SEMD REM/REMD TM/TMD
Bit Instruction Instruction Instruction*
IE O O O
M O O O
IF A O O
RSP A\ O X
Symbols
O: Allowed
/\ 1 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.
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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 areas.
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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
RO4/TOC \ RO,/SI R0,/SO
R0,/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 AN3 (HD404344R)/AN; to ANz (HD404394))

A/D data register (lower)

A/D data register (upper)

R35/AN, R3,/AN, \ R3,/AN, R3,/ANg*
A/D conversion time
Register flag area
D,/STOPC Dy/INT,/EVNB
SO idle H/L setting | Transfer clock selection
EVNB edge selection

Port D; DCR Port D, DCR Port D; DCR Port Do DCR
Port Ds DCR Port D, DCR

Port ROz 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

[ J]:Unused

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

Figure2-10 HD404344R 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 RO4/TOC \ RO,/SI R0,/SO
RO,/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 (AN, to AN-)

A/D data register (lower)

A/D data register (upper)
R34/AN; \ R3,/AN, R3,/AN, R3,/ANg
R4/AN, to AN, A/D conversion time
Register flag area
D,/STOPC \ D,/EVNB D4/INT, Dy/INT,
Alarm frequency SO idle H/L setting | Transfer clock selection
\ Input capture setting EVNB edge selection

Port Dy DCR*

Port D, DCR*

Port D; DCR*

Port Do DCR*

Port D, DCR*

Port Dg DCR*

Port Dy DCR*

Port D, DCR*

Port Dy DCR*

Port RO; DCR

Port RO, DCR

Port R0; 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.

[ J]:Unused

Figure2-11 HD404318, HD404358 and HD404358R 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
SSR1 $027
SSR2 $028

DCDO $02C
DCD1 $02D
DCD2 $02E
DCD3 $02F
DCRO $030
DCR1 $031
DCR2 $032
DCR3 $033
DCR4 $034
DCR5 $035
DCR6 $036
DCR7 $037
DCR8 $038
DCR9 $039

$03F

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

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

Serial data register (lower)

Serial data register (upper)

Timer Altime base

Clock source setting (timer A)

Reload on/off

Clock source setting (timer B)

Timer B register (lower)

Timer B register (upper)

Pull-up MOS control

SO PMOS control |

Interrupt frame period control

Reload on/off

Clock source setting (timer C)

Timer C register (lower)

Timer C register (upper)

A/D execution channel selection (ANO to AN11)

A/D data register (lower)

A/D data register (upper)
R33/AN; R3,/AN, R3,/AN; R30/ANg
R5/ANg to AN;; R4/AN, to AN, A/D conversion time
Register flag area
D,/STOPC \ D,/EVNB D,/INT; Dy/INT,

Alarm frequency

SO idle H/L setting | Transfer clock selection

Input capture setting

EVNB edge selection

32 kHz oscillator stop

32 kHz/divisor selection

System clock selection|

Oscillator divisor selection

Port Dy DCR* Port D, DCR*

Port D, DCR* Port Dy DCR*

Port D; DCR* Port Dg DCR*

Port D; DCR* Port D, DCR*

Port D;; DCR* Port D;, DCR*

Port Dy DCR* Port Dg DCR*

Port D,; DCR* Port D,, 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 R33 DCR Port R3, DCR Port R3; DCR Port R33 DCR
Port R4; DCR Port R4, DCR Port R4, DCR Port R4, DCR
Port R5; DCR Port R5, DCR Port R5; DCR Port R5, DCR
Port R63 DCR Port R6, DCR Port R6; DCR Port R65 DCR

Port R7, DCR

Port R7, DCR Port R7, DCR

Port R8; DCR* Port R8, DCR*

Port R8; DCR* Port R8, DCR*

Port R9; DCR* Port R9, DCR*

Port R9; DCR* Port R9, DCR*

[ ]: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 bit
manipulation instructions SEM, SEMD, REM, REMD, TM, and TMD. Figures 2-13 to 2-15 show
the configurations of the register flag areas in 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 O withaREM 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 0
ADSF Wag'\‘
$020 (A/D start flag) (Watchdog on
flag)

RAME
$021 | (RAM enable ( l/;\)gf)llea )

flag) AD g
$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 (Watchdog on
(A/D start flag) flag)
RAME IAOF ICEF ICSF
$021 | (RAM enable (Inp 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) (Watﬁggg’g o | (LSON flag)
RAME IAOF ICEF ICSF
$021 | (RAM enable | 11 (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 Arealnstruction 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 ®) X
ADSF O X O
DTON /\ (active mode) O O
O (subactive mode)
Unused A\ /\ 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 DataAreaStructure

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
58
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234 Stack Area

The stack areais allocated 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 is restored 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 a data area.

RAM address

$3C0 Level 16

Level 15

Level 14

Level 13

Level 12

Level 11

Level 10

Level 9

Level 8

Level 7

Level 6

Level 5

Level 4

Level 3

Level 2

$3FF Level 1

Bit 3

Bit 2

Bit 1

Bit O

ST

PCi3

PCis

PCll

PC]_O

PCq

PCs

PC;

CA

PCq

PCs

PCy

PCs

PC,

PC;

PCo

PC13. 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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3.1

Section3 CPU

Overview

The HMCS400 CPU supports a concise and efficient instruction set in which al 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.

L]

101 instructions in ten classes

Oooooooooogodg

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

I/Oinstructions: 11 (including the P instruction*)
Control instructions: 4

Three RAM addressing modes and four ROM addressing modes

O

RAM addressing modes

— Register indirect addressing
— Direct addressing

— Memory register addressing

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 bits)

determined by the table data addressing mode to either the accumulator/B register pair or
to the R1/R2 port data register pair.

61
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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

The SBY and STOP instructions switch the HM CS400 CPU to alow power mode.

312 Address Space

The HMCS400 CPU address space consists of two independent address spaces. a ROM address
space and a RAM 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 HM CS400 CPU internal registers.

3 0

Accumulator Initial value: undefined, R/W allowed | A |

3 0

B register Initial value: undefined, R/W allowed | B |

1 0

W register Initial value: undefined, R/W allowed

3 0

X register Initial value: undefined, R/W allowed | X |

3 0

Y register Initial value: undefined, R/W allowed | Y |

3 0

SPX register Initial value: undefined, R/W allowed | SPX |

3 0

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

0

Carry Initial value: undefined, R/W allowed

0

Status Initial value: 1, R/W not allowed

Program counter 13 0

Initial value: | PC |
0, R/W not allowed

Stack point 2 > 0

ack pointer
y [1f2]2]1] SP |

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

Figure3-1 HMCS400 CPU Internal Register Organization
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3.2 CPU Registers

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 isa 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 aso used for D port addressing.

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

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

324 Carry Flag (CA)

The CA flag isa 1-hit 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 O.
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.

325 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 address in ROM of the next instruction that the CPU will
execute.
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327 Stack Pointer (SP)

The SPisa10-bit 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 aninterrupt is handled. It isincremented by four each time areturn
instruction is executed.

The top four bits of the SP are always 1111. Therefore, 16 levelsis 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 0 the reset stack pointer (RSP) bit in the interrupt control bit areawith aRAM bit
manipulation instruction (REM or REMD).

3.3 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

@)

(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 | Xo | Xp | Xo | Y3 | Y2 | Y1 | Yo

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

(2) Direct Addressing Mode

Instruction (first word) Instruction (second word)

Opcode dg dg d7 de d5 d4 d3 d2 d]_ do

RAM address APg APg AP7 APB AP5 AP4 AP3 AP2 Apl APO

(3) Memory Register Addressing Mode
Instruction

Opcode msz | My | My | Mg

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

Figure3-2 RAM Addressing Modes
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332 ROM Addressing Modes and the P Instruction

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

(1) Direct Addressing Mode: 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
figure3-3(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 spaceis 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. (See figure 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) TableData 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) P Instruction: 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 bitswill be transferred. If bit 8 is 1, the dataistransferred 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 dataiis 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»
|

Py

Po

dy dg
|

d7

de

ds

da

d3
|

d2

dy

do

[CALL] ‘

Program counter

PC13PCj2 PC13 PCyo PCg PCg PC; PCg PCs PC4 PC3 PC, PCy PCy
| | | | | | | | | | | | |

(2) Current Page Addressing Mode

Instruction

[BR] | Opcode
|

b; bs bs by by by by
| | | |

bo

T T T T T
Program counter

PC13PC1 PC11 PC1 PCy PCs PC7 PCs PCs PC4 PC3 PC, PCy PCo

(3) Zero page addressing mode

Instruction

[CAL]

Opcode

as a4 ag
Il Il

a
Il

ap

o

0o 0 0o 0 0O o O o

S S N Y

Program counter

PC13PC12,PC11 PCy9 PCy PCg PC; PCg PCs PC4 PC3 PC, PCy PCy
| | | | | | | | | | | | |

(4) Table Data Addressing Mode
Instruction

[TBR]

Opcode
| | |

P3

Dz‘ pl‘ Po

B register

Accumulator

0

0

Bg‘Bz‘ Bl‘ Bo

A3‘A2‘A1‘Ao

Program counter

PC13PC12,PCy1 PC1o PCy PCg PC7 PCg PCs PC4 PC3 PC, PCy PCy
| | | | | | | | | | | | |
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(1) Address Specification

Instruction

[P]

Ps‘

P2 P1 Po B register
| |

Accumulator

Bz B, B; Bo
| | |

A3 A2 A1 Ao
| | |

Referenced ROM address

RAzs RAj2 RA(; RAjg RAg RAg RA; RAs RAs RA; RA; RA; RA; RAg
| | | | | | | | | | | | |

(2) Pattern Output

ROM data

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

Accumulator, B register

Az Ay A
|

Ag | (whenROg=1)
|

ROM data

ROy ROg RO; ROg RO5 RO4 RO3 RO, RO; RO,
| | | | | | | | |

Port data registers for R1/R2 port

R2; R2, R2; R2g
| | |

R1; R1, R1; Rilg
| | |

(when ROg = 1)

Figure3-4 ROM Data Reference Using the P Instruction
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34

34.1 Overview

Processing States

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.

Processing

Program execution

state

state

State in which programs
are executed sequentially.

Exception handling
state

handling event

Active mode

The CPU operates at high
speed according to the
system clock.

Subactive mode

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

Transitional state in which the CPU processing
state has been changed due to a reset,
the clearing of stop mode, or an interrupt exception

Program stop state

clock supply to the CPU

Low power state in which

is stopped

Stop mode

Watch mode

Standby mode [

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

Low power
modes
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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
e Program stopped state

Figure3-6 State Transition Diagram

34.2 Program Execution State

In the program execution state, the HMCS400 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 TMAS3 bit in timer mode register A (TMA) isset to 0.

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

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

(2) Watch Mode (HD404339/HD404369 Series Products Only): Watch mode is 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 /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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4.1

Section 4 Exception Handling

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.

Table 4-1

Priority

Exception Factor

Exceptions Their Priorities

Exception Handling Initiation Timing

High
A

Low

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:

RESET pin input

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

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
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 goeslow all processing is discontinued and the
system goesto the reset state. A reset causes the CPU internal registers and the built-in peripheral
modul e registers to be initialized, and then reset exception handling starts immediately.

(2) Watchdog Timer Overflow: When timer C is used as awatchdog timer, the system enters the
reset state when timer C overflows. After performing the same operations as performed in
response to aRESET 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 |east 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 aRESET 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 O disabling all interrupts. Refer to section 4.4, “Initial
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 aJMPL instruction to that routine is stored in locations $0000 and $0001.
The RESET pin input isan asynchronous input; that is, whatever state the system isin, it will
always goes to the reset state when the RESET pin goes low.
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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 is in 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 I nput)

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

4.3.3 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
entersthe 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 bit in port
mode register B (PMRB) and the SSR13 bit 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 Registersand Flags on Reset and Stop M ode Clear
Table 4-2 lists the values of registers and flags on reset and when stop mode s 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
Iltem 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 hterryupt request flag (IF) 0 0 0
masks
Interrupt mask (M) 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) O 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 (IAQOF) 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
Acumulator () foraned These mustbe  retamed. These muat be

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

X/SPX 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 O.

« TheINT, and INT, pin input interrupts are falling edge detection external interrupts.
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452 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 RW 0

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

$000, 3 External interrupt mask area 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 R/W 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 0 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-hit write-only register that switches the
D port I/O pin shared functions.

HD404344R and HD404394 Series
Bit 3 2 1 0
PMRB3 — — PMRBO
Initial value 0 — — 0
Read/Write w — — w
Unused L Do/INTo/EVNB pin function switch

0 | Dg input pin
1 | INT/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 (PMRBO): Selects whether the D, /INT,/EVNB pin
is used asthe D, 1/O 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

LD(,/INTO pin function switch
0 | Dg I/O pin
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 /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/0O 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 pinisused as
the D, I/O pin or as the EVNB input pin.

The PMRB2 hit 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, pin is used as the
D, I/O pin or asthe INT, input pin.

The PMRBL1 bit 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—Dy/INT, Pin Function Switch (PMRBO): Selects whether the D/INT, pin is used as the
D, I/O pin or asthe INT,, input pin.

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

IE Description

0 The CPU disables all interrupts. (initial value)

The CPU accepts interrupts.
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(3) External Interrupt 0 and 1 Request Flags (I FO: $000, 2, I F1: $001, 0*): IFO and IF1 are
flags that reflect whether an interrupt request is outstanding on the corresponding INT, and INT,
external interrupt pin. When the specified input edge is detected on an externa interrupt pin, the
corresponding external interrupt request flag is set to 1.

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

The IF0 and 1F1 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 0and 1 Masks (IMO: $000, 3, IM1: $001, 1*): IMO and IM1 are bits
that mask the corresponding IFO and I1F1 flags. The CPU will accept an external interrupt when
IFO or IF1isset to 1 only if the corresponding IMO or IM1isclearedtoOand IE is 1.

The CPU will not receive an interrupt request from 1FO0 or IF1 if the corresponding IMO or IM1is
set to 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
HDA404394 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 O 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
Ato C. (initial value)
1 Indicates that an interrupt has been requested by the corresponding timer
AtoC.

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 A toC 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 IFTCisset to 1 only if the corresponding IMTA to IMTC is cleared
toOand IEis1.

if IMTA to IMTC 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 setto 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 (IFS: $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): IMSisahit that masks the IFS flag. The CPU will
accept aseria 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)
86

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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

Thisflag is cleared 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 issetto 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

Thereis 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. Note that 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 modules in the HD404344R
and HD404394 Series products: timer B, timer C, the A/D converter, and the serial 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 |E.

When an internal interrupt is accepted, the |E flag is cleared to 0 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 (a) 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 (IE). If IE is 1, the highest priority
interrupt is accepted, but if IE is 0, all 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. This disables 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 JIMPL
instruction to the start of the corresponding interrupt handler at each vector address.)
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$000,0

Interrupt
request

INTy interrupt

I Vector
Priority controller —~ address

INT, interrupt

Timer A interrupt

Timer B interrupt

Timer C interrupt

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.

Table4-5(b) Interrupt Handling Activation Conditions (HD404318, HD404358,
HD404358R, HD404339, and HD404369 Series)

Interrupt Control Bit

. A/D Serial
Interrupt Source INT, INT, Timer A 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 - IMS * * * * % . 1

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

No
Yes Interrupt Yes
request?
No No IE=17
Yes
System reset | |Instruction execution| Accept the interrupt |
1]

IE-O
| PC-(PO)+1 | Stack — (PC)
Stack ~ (CA)

Stack ~ (ST)

L

|

PC ~ $0002 INT, interrupt?

PC — $0004

PC ~ $0006

li

PC ~ $0008

PC — $000A

PC ~ $000C A/D interrupt?

L]

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 JMPL
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.

« 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 ¢ RESET pin input

* Interrupt request
Stop mode STOP instruction Stopped e RESET pin input

e STOPC pin input in stop
mode
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Table5-2 Operation in 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 =0y RAME =1
Reset 1 | | Reset 2
STOPC
SBY instruction STOP instruction
fosc: Operates [ fosc: Operates [ ™| fogc: Stopped
Fcpy: Stopped gepu foye gcpy: Stopped
Zper: feye »| Zper: foyc Zper: Stopped
Interrupt

Standby mode Active mode Stop mode
Symbol Description

fosc System clock oscillator

f(:yc fOSC/ 4

dcpu CPU operating clock

PPER 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 I/O 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 O 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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5.2 Register and Flag Descriptions

521 Port Mode Register B (PM RB: $024)

HD404344R and HD404394 Series

PMRB is a2-bit write-only register that switches the functions of the D port pins.

The PMRBO bit 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 bit. Refer to the sections titled “Port Mode Register B” in
sections 7 and 8, “1/O 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 pinisused 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 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 bit is cleared
to O only on reset.

This section describes the PMRB3 hit. Refer to the sectionstitled “Port Mode Register B” in
sections 9 and 10, “1/0 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

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

— D4/INT pin function switch
0 | D4 /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 /0 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 only on reset.

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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522 RAM Enable Flag (RAME: $021, 3)
RAME reflects whether stop mode was cleared by a RESET 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 seria 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 aRESET 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 s 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
the interrupt enable flag (IE) is 1, the corresponding interrupt handler will be executed. If IE iSO,
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 L ow 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 all 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 stops in stop mode.

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

(1) Clearingwith aRESET 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 mode is cleared.

(2) Clearing with aSTOPC Pin Input: When the STOPC pin goes low the system enters the
reset state and stop mode is cleared. Unlike the case for aRESET pininput, RAME isset to 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 all operating modes, STOPC pin input isonly valid in stop
mode and isignored in other operating modes.
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54.3 Post-Stop Mode Oscillator Stabilization Period

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

Stop mode

P
Oscillator () aiInnnnmmnn

Internal clock_l_l_,_l_, K T |_| |_| |_| |_| |_|_
STOPC or ? N

RESET
|

STOP instruction ‘

executed i fes
(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.

« Standby mode

e Stop mode

* Watch mode

e 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 e RESET pin input
mode «  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
mode or SBY instruction from subactive « Timer A or INT
mode (when either LSON is 1 or ] °
LSON is 0 and DTON is 0) Interrupt request
Subactive A timer A or INT, interrupt request  Stopped e 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.

108

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

6.1.2

State Transition Diagram

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

Standby mode

fosc: Operates

Stopped
fcyc

acpu:
gcLk:
OPER:

f(:yc

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

RAME

o]

RAME =1

Stop mode

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

| Resetl | | Reset2 | STOPC
STOPC i
Active mode
A Y
fosc: Operates STOP
instruction

SBY instruction

fy: Operates |«

fx: Operates
acpu: foye

fosc: Operates
fx: Operates
@cpu: Stopped
geik: fw
PpeR: foye

Interrupt

SBY instruction

@cik: Stopped
ZpeR: Stopped

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

vy

DcLk: fcy(:
opeR: feye
A (TMA3=0)

y (TMA3=1)
fosc: Operates

STOP instruction

STOP instruction;

™ goLk: Stopped
opeR: Stopped

Watch mode

(TMA3 =1, LSON =0)
fosc: Stopped

fx: Operates

Interrupt

fx: Operates
@cpy: Stopped

gok: fw
opeR: Stopped

: (TMA3=1,LSON=1)
fosc: Stopped

- fx: Operates
@cpu: Stopped
goik: fw

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)

5 Timer A or
_ | @eput Toye INT, interrupt
geik: fw
DPER: fcyc .STOP .
I instruction

Subactive mode |"* 2
fosc: Stopped *3
fx: Operates
gcpu fsus
ek fw -
DPER: fSUB Lrner Aor

INTq interrupt

Symbol Description
fosc System clock oscillator

fx Subsystem clock oscillator

fCVC fosc/4, fosc/8, fosc/16, or fosc/32
fw fx/8

fsus fx/8 or fx/4

dcpu CPU operating clock

BcLK Timer A operating clock

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

DTON | DTON flag

opeR: 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 110 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 O 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 M1S0 and MIS1 bits. The MIS2 and MIS3 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 0 125 ms 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, MI1S0): 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,s), and sets subsystem clock operationin
stop mode.

The SSR12 and SSR11 hits areinitialized 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 hit is described in section 14.2.1, “ System
Clock Selection Register 1 (SSR1)”.
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Bit 3

2

1 0

SSR13

SSR12

SSR11 —_

Initial value 0
Read/Write w

0
w

0 J—
wW J—

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 < fogc < 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 stopsin 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 modulesin 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., fqz = f,/8 (initial value)
A single CPU instruction cycle takes 244.14 ps (when f, = 32.768 kHz)

1 fus IS 1/4 of the subsystem clock oscillator f,, i.e., fq,z = f,/4
A single CPU instruction cycle takes 122.07 us (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
1 PSS 1024 teyc
0 1 0 PSS 512 teye
0 1 PSS 128 teye Eree-running
0 0 PSS 32 teye imer
. 1 PSS 8 teye
1 0 PSS 4teye
1 PSS 2 teye
0 0 PSW 32 tyeyc
1 PSW 16 tyeyc
0 1 0 PSW 8 tweye
1 1 PSW 2 tyeye Clock time
0 0 PSW 1/2 tweye 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 isused 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-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 bit is cleared
to O only on reset.

This section describes the PMRB3 bit. 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

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

—D4/INT pin function switch
0 | D, 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 /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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6.2.5 L ow Speed On Flag (L SON: $020, 0)

L SON selects whether the system clock (8gpy = Brer = fove) OF the subsystem clock (8epy = eer =
fsue) iStaken as the operating clock for the CPU and the built-in peripheral modules other than
timer A at operating mode transitions.

Thisbit isused for entering and exiting watch mode and subactive mode, and functionsin
combination with the DTON flag (DTON), the TMA3 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 LSON and DTON.

Watch mode

STOP instruction
(TMA3 =1, LSON = 0)

Active mode INTq or timer A interrupt
STOPor A "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 Transitionsand 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

Y
Active mode Reading LSON returns 0

118
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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.)

627  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 modeis
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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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 seria 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 aRESET 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 s 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
the interrupt enable flag (IE) is 1, the corresponding interrupt handler will be executed. If IE iSO,
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 TMA3 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) Clearing with aRESET Pin Input: When the RESET pin goes low the system enters the
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 isset to 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 M ode Oscillator Stabilization Period

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

“Electrical Characteristics’, for details.

Stop mode

e

Oscillator

() il

LI TL

Internal clock_l_l_,_l_, K T T T

——

STOPC or
RESET ? \C:)
STOP instruction ‘

executed L

res
(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
TMA3bitin TMA iscleared to 1. The system also switches to watch mode from subactive mode
when either aSTOP 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 aRESET pin input or an INT, or timer A interrupt.

(1) Clearingwith aRESET Pin Input: When the RESET pin goes low the system entersthe
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 O 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 (IE) is 1, the corresponding interrupt handler will be executed. If IEisO, the
interrupt is deferred and the execution of the immediately preceding instruction sequence
continues. (See figure 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 MIS1 and MIS0 bits. Next, interrupt
handling for the timer A interrupt starts after the period tx. (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 + tgc With respect to the interrupt strobe has passed.

Oscillator
stabilization

period Active mode

Active mode Watch mode

Interrupt T T /—> T

strobe ! !
INTo |

Interrupt 1 ! 1
request i 1 1 !
occurrence | | | !
| T | T i tre ,
(only when ! | [ i ;
switching to ! Tx -

active mode) 1 ‘ ‘

T: Interrupt frame period
trc: Oscillator stabilization period

Note: An INTy interrupt is received following the fall of the INT, 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

125
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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 al other modes except stop and
watch mode.

The CPU instruction cycle time can be selected to be either 244.14 ps (fg,g = fx/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 Modeto Active Mode

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

1. Insubactive 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 M1S1 and M1S0 bits,
as shown in figure 6-6.

Note: * DTON can be set to 1 only in subactive mode. Thisflag is always cleared to O 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 | | T
complete timing ! !
| T | trc

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 + tgc, 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 MIS1 and MIS0 bits.

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 isinput 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

- -

|
Standby mode
Watch 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 6-3, “Flowchart for Exiting Low Power Modes”, for details on IF and IM
operation.

Figure6-7 Low Power Mode Operating Sequence

129
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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.

Asshown in figure 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.

INT, R

LT

H L L

Figure 6-8 Edge Sensing Techniques

(@) High Level Case (b) Low Level Case
INT, INT,
I B [ | |
Interrupt frame T T Interrupt frame T T
Point A low Point B low Point A high Point B high

Figure6-9 Sampling Examples
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Section 7 1/0 Ports
(HD404344R Series)

71 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 al three state
CMOS 1/O pins. Of these pins, the ten pins D,, D,, R1, to R1;, and R2, to R2; are high current
I/O pins that can each accept a current influx of up to 15 mA.

Certain 1/0O 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 1/0 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 RO,/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 I/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 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;, < 1/O port D,/INT/EVNB External interrupt input 0/ PMRB
«  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 ' 1 /STGRC  stop mode clear PMRB
transistors b _ _
* D, and D, are high current °
pins (up to 15 mA)
RO + 1/O ports R0,/SCK Transfer clock 1/0O SMR
¢ Accessed in 4-bit units. RO,/SI Serial reception data input PMRA
* Accessed with the LAR, LBR, Ro /SO Serial transmission data
LRA, and LRB instructions. output
* Programmable pull-up MOS  Ro_/TOC Timer C output
R1 transistors R1, _ -
* R1,to R1, and R2,to R2, are R1
high current pins (upto15 ~ —*
mA). 2
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 pins is controlled by the port
dataregisters (PDR) 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 hit is 0, the corresponding pin will function as an input pin.

Figure 7-1 showsthe 1/O pin circuit structure.

A
T
=

Vee MIS3

V
Pull-up MOS é ce
transistor ]

PMOS Li DCD, DCR
{j> Output data
PDR

@) = Input 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 1/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/O Pin Circuit Structure
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(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 (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. 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 1/O instructions.
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(3) Miscellaneous Register (MIS: $00C): MISis a 2-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. MISis initialized 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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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 I/0 pins o] ACT D, to Ds,
pins RO,, RO,
Vee Pull-up control signal MIS3 RO;,
Buffer control R1, to R1,,
signal R2, to R2,,
DCD, R R
BCR 3, to R3,
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 o« AT SCK
voltage peripheral
pins module Pull-up control signal MIS3
pins Vee
}—O@ Output data
SCK
Input data
Do P SCK
Output o AT SO
pins )
Vee Pull-up control signal MIS3
Vee
( i:« PMOS control
signal MIS2
I—O@ Output data so
<] AT TOC
Vee Pull-up control signal MIS3
Output data TOC
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Table7-3

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 2
@ [>o npdt e | » INT,/EVNB,
STOPC
<] ACT AN, to AN,
Vee MIS3
% PDR
@ ‘ A/D input
Input control
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714 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 statesin 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/O 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 VCC. Alternatively,
unused pins can be pulled up to V o 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 portisa6-pin 1/0 port (D, to Ds, 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 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 7-2 shows the structure of the D port.

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

Dport |  ‘c-----t------d

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

.1 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 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.
When a hit 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 (DCDO, 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.
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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 0
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 I1/O pin shared functions.

Bit 3 2 1 0
PMRB3 — — PMRBO

Initial value 0 — — 0

Read/Write w — — w

LDOIINTo/EVNB pin function switch
0 | Dg I/O pin
1 | INTQ/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/0O 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.

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
DCDO0 DCDOQO 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 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 DCD0 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 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

RENESAS
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7.3 R Ports

7.3.1 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 access the R
portsin 4-bit unitsto 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
basisfor 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 7-7.)

Figure 7-3 shows the R port pin structure.

<= RO,/SCK (I/O or 1/0) <= R1, (I/0) |
<= RO4/SI (I/O or input < = R1, (/0)
RO port 1/SI( put) R1 port | 1 (/0) |
~——= RO0,/SO (I/O or output) ~——= R1, (I/O) |
-« RO4/TOC (I/O or output) <= R1;(I/O) '
<= R2, (II0) | ~ = R3y/ANg (/O or input)
R2 port <—F> R2, (I/0) R3 port — R3;/AN; (I/O or !nput)
= R2, (I/0) -—— R3,/AN, (I/O or input)
<= R2; (I/0) -« R33/AN; (I/O or input)

,,,,,

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 I/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 values in 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 3 2 1 0
DCRO: $030 DCRO0O3 | DCR02 | DCR0O1 | DCROO
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 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 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, R3,
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(3) Port Mode Register A (PMRA: $004): PMRA is a 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

— 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, 1/O pin or asthe timer C output pin (TOC).

PMRA2 Description
0 The RO,/TOC pin functions as the RO, I/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, 1/0 pin or as the serial reception data input 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.
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Bit 0—RO0,/SO Pin Function Switch (PMRAO): 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 RO,/SO pin functions as the RO, 1/0O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR is a4-hit 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
— R0O/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, 1/O pin. (initial value)
1 The R0,/SCK pin functions as the SCK 1/O pin.
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(5) A/ID 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

— R3g/ANg pin function switch
0 | R3( I/O pin
1 | ANg input pin

— R3;/AN pin function switch
0 | R3, I/O pin
1 | AN input pin

— R3,5/AN, pin function switch
0 | R3, /O 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; 1/0 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/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, 1/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—R3yAN, 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 AN,,.

AMR10 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.
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7.3.3

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
RO,/SCK The pin function is switched by the SMR SMR3 bit and the DCRO DCROO bit as
shown below.
SMR3 1
DCRO00 0 1 —
Pin function RO, input pin RO, output pin SCK /O pin
RO./SI The pin function is switched by the PMRA PMRAL1 bit and the DCRO DCRO1 bit as
shown below.
PMRA1 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
RO0,/SO The pin function is switched by the PMRA PMRAO bit and the DCR0O DCRO02 bit as
shown below.
PMRAO 1
DCRO2 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
DCRO03 0 1 —
Pin function RO, input pin RO, output pin TOC output pin
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Table7-8

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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Table7-8 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
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7.4 Usage Notes

Keep the following points in mind when using the I/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
PMRAO bit.

I/0 pins that are unused in user systems must be tied to afixed potential, since floating I/O
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 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 AMRL 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.

AMRL1 is 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 7-9, by the
combination of the AMRL1 register, the MIS3 hit, the DCR, and the PDR settings.
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Vee

<

Pull-up control signal

signal

Buffer control :]

Output data

—
D

Input control signal

L

|
=

bl
L]

HLT

MIS3

AMR (A/D mode
register setting value)

DCR

PDR

Input data

A/D input

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 1 0 1 0o | 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 1 0 1 o | 1 0 1
CMOS buffer PMOS — — — — — —
NMOS — — — —
Pull-up MOS transistor — — ‘ On — On
Note: —: off
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Section 8 1/0 Ports
(HD404394 Series)

81 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/O pins. The five pins R1; and R2, to R2; are
standard voltage NMOS open drain /O pins. The remaining 13 pins, D, to Dg, RO, to RO;, and
R3, to R3;, are three state CMOS 1/O pins. Of these pins, the pinsD,, 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 I/O pins (D,, D,, and the pinsin the ports RO and R3) are shared with the built-in
peripheral modules, such as timers and the seria 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 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 I/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.

157
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

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
«  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 b /STOPC Stop mode clear PMRB
transistors b
* D, and D, are high current °
pins (up to 15 mA)
RO « /O ports R0O,/SCK Transfer clock 1/10O 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 RO,/TOC Timer C output
R1 RO, and R3, to R3,) have R1, _ _
programmable pull-up MOS Rl—
transistors. o
¢ R1,to R1, are medium Rlz—
voltage NMOS open drain I/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 1/0 Control

R1,to R1, are medium voltage NMOS open drain 1/O ports, R1, and the R, port are standard
voltage NMOS open drain /O ports, and the D port and the RO and R3 port pins are CMOS three
state I/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. 1/0 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 ports is controlled by the PDR and DCR
registers. When the DCR bit corresponding to a given 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 I/O Pin Circuit: The D, RO and R3 ports are standard
voltage CMOS three state 1/0 ports. 1/O is controlled by the PDR registers 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 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 1/0O 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 1/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 " — —
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. Since the internal HLT signal goes to the low (active) level, the 1/0 pinsgo to
the high impedance state. Also, all 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.

Table8-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins
Standard voltage 1/0 pins « AT D, to Ds,
pins RO,, RO,
Vee Pull-up control signal MIS3 RO,,
R R
Vee Buffer control 3, 10R3
signal
DCD,
| DCR
}—O@ Output data
PDR
Input data
Input control signal
Buffer control signal HLT R1,,

bcrR  R2to R2,

Output data

PDR

@1y

Input control signal

Input data
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Table8-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
Standard voltage pins 1/O pins ] AT RO,
Pull- trol signal
ull-up control signa MIS3
Vee Buffer control
signal
=
MIS2
}—o@ Outputdata |
Input data
Input control signal
Medium voltage pins Buffer control R1,to R1,
signal HLT
-
E 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 I/O pins ] AT SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
pins é Vee
Output dat —
O e
{>° Input data scK
Output o Aar SO
pins
Vee Pull-up control signal MIS3
Vee
=
' 1 PMOS control
signal
MIS2
}—O@ Output data S0
] Aacr ToC
Pull- trol signal
Vee ull-up control signal MIS3
VCC
|—C@ 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 Sl,
voltage  peripheral pins Vee MIS3 INT,/EVNB,
pins module PDR STOPC
pins
Input data Sl
D [>o INTo/EVNB,
STOPC
o HLT AN, to AN,
Ve MIS3
% PDR
@ ¢ A/D input
Input control
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8.14 Port Statesin Low Power M odes

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 statesin 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 1/0O 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 portisa6-pin 1/0 port (D, to Ds, 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 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, 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 (I/O, input, or input)

Dport | "=
<« D5 (1/0)

~— D,/STOPC (I/O or input)

<« D (I/0)

: High current pins

Figure8-1 D Port Structure
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8.22 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 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.
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(DCDO, DCD1: $02C, $02D)

Bit 3 2 1 0
DCDO: $02C ‘ DCDO03 ‘ DCD02 ‘ 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 0
DCDO D, D, D, D,
DCD1 — — D, D,

(3) Port Mode Register B (PMRB: $024): PMRB is a 2-bit write-only register that switches the
D port 1/0 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 | INTG/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 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 0—D,/INT/EVNB Pin Function Switch (PMRBO): Selects whether the D,/INT,/EVNB pin
isused asthe D, 1/O 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 bits in 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
DCDO DCDOQO 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 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 DCDO 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 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

83.1 Overview

The R port consists of the three 4-bit 1/0 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 I/O 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 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 hit
corresponding to a pin in one of the ports RO to R3is set to 1, the datain the corresponding PDR
is output from that pin. Thus the output buffer on/off states can be controlled on an individual pin
basisfor 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.

~— = ROQ/SCK (I/O or /0) <= R1 (/0) || Medium voltage
l«——» RO;/SI (I/O or input) <= R1, (/0) | y NMOS open
ROport |, Ro,/SO (10 or output) | "2 PO | 1w Ry, (o) || drain
«—» RO4/TOC (I/O or output) ~——> R1; (I/0) ! Standard voltage
””””””” NMOS open drain
- R2, (I/0) !
! 0 (/9) ! | Standard <— R3;/AN; (/O or input)
R2 port '~ R2, (F0) 1 voltage R3 port [ R3,/AN, (I/O or input)
POt e R2, (10) | [ NMOS po 2R np
.« - R2, (1/0) | | open drain ~— R33/AN3 (/O or input)

fffff

i1 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 I/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 3 2 1 0
DCRO: $030 ‘ DCRO3 ‘ DCRO02 ‘ DCRO1 ‘ DCRO0O0O ‘
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 bits in 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, —
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(3) Port Mode Register A (PMRA: $004): PMRA is a 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 /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 (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 (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 R0O,/SO pin functions as the RO, 1/0O pin. (initial value)
1 The R0,/SO pin functions as the SO output pin.

(4) Serial Mode Register (SMR: $005): SMR is a 4-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—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, 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 (AMRL1: $019): AMRL1 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
— R3;/AN; pin function switch
0 | R3, I/O pin
1 | ANq input pin
— R3,5/AN, pin function switch
0 | R3, /0 pin
1 | ANs input pin

— R33/AN3 pin function switch

0

R33 1/0 pi

n

1

ANj input

pin

Bit 3—R3,/AN; Pin Function Switch (AMR13): Selects whether the R3,/AN; pin functions as
the R3; 1/0 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/O 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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8.3.3

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
DCRO0O 0 1 —
Pin function RO, input pin RO, output pin SCK /0 pin
RO./SI The pin function is switched by the PMRA PMRAL1 bit and the DCRO DCRO1 bit as
shown below.
PMRA1 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
RO0,/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 DCR0O 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 1/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/O pinsthat are unused in user systems must be tied to afixed potential, since floating 1/0
pins can cause noise that can cause the LS 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 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 analog input function with the AMRL 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 is 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 8-9, by the
combination of the AMR1 register, the MIS3 hit, the DCR, and the PDR settings.
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—

B;

Input control signal

G =R

A=k

MIS3

AMR (A/D mode
register setting value)

DCR

PDR

Input data

A/D input

ACR (A/D channel
register setting value)

Table 8-9

Figure8-3 R Port/Analog Input Shared Function Pin Circuit

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 o | 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

% I CL DCR

& > Input data

Input control signal

Note: * Only included in the R1jto R1, pin circuits. Does not appear in the R1; and R2,

&

to R25 pin circuits.

(a) Evaluation Chip Pin Circuit Structure

O
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
1 High impedance output

Note: * Don’t care
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Section 9 1/0O 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 Dy aswell asthe R1, R2, and R8 ports are high voltage 1/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 pinsin the RO, R3, and R4 ports) 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 1/0 pins and to select the I/O port or
peripheral module usage for shared function pins.

Of the built-in peripheral module pins, the Do/BUZZ pin isa PMOS open drain output. All
other output pins are CMOS outputs. However, the RO,/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 I/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 9-1 provides an overview of the HD404318 Series port functions.
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Table9-1

Port Functions

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,/JEVNB Timer B event input
5E0D D P00 O s pamoon P
* Pull-down resistors available DJSTOPC Stop mode clear PMRB
as a mask option. Dsto D, — —
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,/AN, Analog input channel 6
R4,/AN, Analog input channel 7
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Table9-1

Port Functions (cont)

Function
Switching
Port Overview Pin Shared Function Register
R1 « High voltage 1/O ports R1, — —
» Accessed in 4-bit units. R1,
* Accessed with the LAR, R1,
LBR, LRA, and LRB
: . R1,
instructions.
R2 . , R2, — _
e Pull-down resistors available ————F—————
as a mask option. R2,
R2,
R2,
R8 RS, — —
R8,
RS,
R8,
RA « High voltage input port (1 bit) RA,/Vq, High voltage pin output Mask
* Accessed with the LAR and power supply option
LBR instructions.
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9.1.2 /O Control

The D, R1, R2, and R8 ports are high voltage 1/O ports, RA, is a 1-bit high voltage input port, and
RO, R3, and R4 are standard voltage 1/O ports. The different port types have different circuit
structures as follows.

(1) High Voltage I/O Pin Circuit: The D, R1, R2, and R8 port pins are high voltage /O 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 I/O Pin Circuit: The pinsin the RO, R3, and R4
ports are standard voltage CMOS three state 1/0 ports. 1/O through these portsis controlled by the
PDRs and the data control registers (DCR). When the DCR bit corresponding to agiven pinis 1,
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/O pinin 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. 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 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): MISis a 2-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
RO,/SO pin output buffer PMOS transistor. MIS isinitialized 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 I/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.

Table9-3 Input and Output Pin Circuits

Applicable
Class Circuit Pins
Standard voltage pins 1/O pins e ALT RO,, RO,,
RO,
Vee Pull-up control signal MIS3 R3, to R3,,
Vee Buffer control R4, 1o R4,
signal
}—c@ Output data
PDR

o Input data

Input control signal

o< HLT RO,
Vee Pull-up control signal MIS3
Vee Buffer control
signal

I >
MIS2
}—o@ Output data

PDR

—’_D Input data

Input control signal
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Table9-3 Input and Output Pin Circuits (cont)
Applicable
Class Circuit Pins
Standard Standard 1/O pins o< AT SCK
voltage peripheral
pins module Vee Pull-up control signal MIS3
pins é Vee
}—O@ Outputdata ___
CK
Input data
Do P scK
Output o] A SO
pins
Vee Pull-up control signal MIS3
Vee
| |
! Ci PMOS control
signal
MIS2
}—C@ Output data S0
<] AT TOC
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 ACT Sl
voltage peripheral pins Vee MIS3
pins module PDR
pins
@ {>G Input data S|
<] HLT AN, to AN,
Vee MIS3
% PDR
@ ¢ A/D input

Input control
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Table9-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
High voltage pins 1/O pins Pins with pull-down resistors D, to Dg,
v R1, to R1,,
ce R2, to R2,,

e O I b
ﬁ} Output data

Pull-down resistor

Vd\sp

. 4[)0—» Input data
Input control signal

Pins without pull-down resistors*

Vee

‘ Output data

. 4[)0—» Input data
Input control signal

Input RA,

pin .
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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Table9-3 Input and Output Pin Circuits (cont)

Applicable
Class Circuit Pins
High Built-in Output Pins with pull-down resistors BUzZzZ
voltage peripheral pins
) Vee
pins module
pns e Gl I
Output data
Pull-down resistor
Vdisp
Pins without pull-down resistors*
Vee
Output data
Input  Pins with pull-down resistors INT,, INT,,
pins _ EVNB,
< ALT STOPC
Vee MIS3
PDR

D ‘ Mo Input data INTo, INT,,
EVNB, STOPC

Pull-down resistor

Vdisp

Pins without pull-down resistors*

o< HLT
Vee MIS3
PDR

% INTo, INT,
@ De EVNB, STOPC

Note: * The ZTAT™ versions of these microcomputers only support pins without pull-down
resistors.
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914 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 statesin 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/O 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 1/0
pins.
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9.2 D Port

921 Overview
The D port isa 9-pin high voltage I/O port (D, to D) 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

e = Dg/INTg (/O or input)
l«—» D;/INT; (/O or input)
<= D,/EVNB (I/O or input)
-~ D3/BUZZ (I/0 or output)
Dport |\« D,/STOPC (IO or input) |
~— = Dg(I/O)
~—— = Dg(0) 3
«—= D (1/O)

<= Dg(I/O)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure9-1 D Port Structure
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9.2.2 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 Do/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 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

Bit 3—D,/BUZZ Pin Function Switch (PMRA3): Selects whether the D,/BUZZ pin functions as
the D, input 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-hit write-only register that switches the
D port I/O pin shared functions.

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

Initial value 0 0 0 0

Read/Write W \W Y 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| INT4 input pin

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

'— D,4/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/O 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 pinis used 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, 1/0 pin or as external interrupt 1 input pin (INT)).

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—Dy/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,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 D, I/O pin INT, input pin
D,/INT, The pin function is switched as shown below by the PMRB PMRBL 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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9.3 R Ports

93.1 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, R3, and R4 are standard voltage I/O ports. RA is ahigh voltage input port and R1, R2 and R8
are high voltage /O ports that can directly drive fluorescent display tubes.

The individua 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 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 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. (See table 9-7.)

Figure 9-2 shows the R port pin structure.
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RO port

l«—= ROG/SCK (I/O or I/O)
«—— RO04/SI (I/O or input)
«— RO0,/SO (I/O or output)
+—— RO3/TOC (/O or output)

R3 port

R3y/ANg (I/O or input)
R31/AN4 (/O or input)
R3,/AN, (/0 or input)
R33/AN3 (/O or input)

R4 port

R44/ANg4 (I/0 or input)
R41/ANg (I/O or input)
R4,/ANg (/0 or input)
R43/AN7 (I/0 or input)

Note:

*

R1 port

High voltage pins
= R14(I/O)
<= R1,(1/0)

<= RL,(IO) |

~——= R1;(l/0)

,,,,,,,,,,,,,,,,,,

R2 port

<= R2,(l/O)

- R2, (I/0)
~—= R2,(I/0)
<~ = R2,(l/0)

R8 port

~— = R8, (ll0)

= RS, (I/0)
~ = RS, (l/O)
R8; (1/0)

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 Vysp 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 DCRA4 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, DCRS3, 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,

DCR3, 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 O
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 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 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
Read/Write W

0
w

0
w

0
w

— R0,/SO pin function switch

0 | RO, I/O pin

1| SO output pin

— R0,/SI pin function switch

0

RO, I/O pin

1

Slinput pin

— RO3/TOC pin function switch

0

ROz I/O pin

1

TOC output pin

— D3/BUZZ pin function switch

0

D3 1/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, I/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 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, 1/0 pin or as the serial reception data input 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 (PMRAQO): Selects whether the RO,/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-hit write-only register whose SMR3 hit
switches the RO/SCK pin function.

This section only describes the SMR3 hit. 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

— R0/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 R0O,/SCK pin functions as the RO, I/O pin. (initial value)
1 The RO,/SCK pin functions as the SCK /O pin.
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(5) A/ID 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/AN pin function switch
0 | R3y /O pin
1| ANg input pin

— R3;/AN; pin function switch
0 | R3, /O pin
1 | ANy input pin

— R3,/AN, pin function switch
0 | R3, /O 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; 1/0 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/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, 1/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—R3yAN, 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 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/ID Mode Register 2 (AMR2: $01A): AMR2 is a 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 hit. 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| 34tg,
1| 67ty

— R44/AN,4 to R43/AN7 pin function switch
0 | R4 to R43 /O pins
1| AN4to 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, I/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, 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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9.3.3

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
DCRO00 0 1 —
Pin function RO, input pin RO, output pin SCK /O pin
RO./SI The pin function is switched by the PMRA PMRAL1 bit and the DCRO DCRO1 bit as
shown below.
PMRA1 1
DCRO1 0 1 —
Pin function RO, input pin RO, output pin Sl input pin
RO0,/SO The pin function is switched by the PMRA PMRAO bit and the DCR0O DCRO02 bit as
shown below.
PMRAO 1
DCRO2 0 1 —
Pin function RO, input pin RO, output pin SO output pin
R0O,/TOC The pin function is switched by the PMRA PMRAZ2 