To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http:/www-fenesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality gfades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product.depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any appli€ationyeategorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use anygRenesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electroni€s. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product isg@ioflintended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (aatomobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; afid medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life supporti(e.g4artificial life support devices or systems), surgical implantations, or healthcare
intervention (eqg. ex€ision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




To all our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMSs (flash memory, SRAMs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand

names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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RenesasTechnology Corp.



Cautions

Keep safety first in your circuit designs!
1.

Renesas Technology Corporation puts the maximum effort into making semicomaiadtects better and more reliable, by
there is always the possibility that trouble may occur with them. Trouble with semitorsdway lead to personal injury, fi
or property damage.

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

Notes regarding these materials
1.

These materials are intended as a reference to assist our customersléctioa of the Renesas Technology Corporation
product best suited to the customer's application; they do notycanydicense under any intellectual property rights, gr g
other rights, belonging to Renesas Technology Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, omefitrafeany third-party's rights,

originating in the use of any product data, diagrams, charts, pregatgorithms, or circuit application examples contaimed i

these materials.

All information contained in these materials, including product dataradiiesg charts, programs and algorithms represent:
information on products at the time of publication of these materials rarsilgject to change by Renesas Technology
Corporation without notice due to product improvements or other reasongheltgfore recommended that customers co
Renesas Technology Corporation or an authorized Renesas Technology Corporation jstatutbrdfor the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typogtapiocs.

Renesas Technology Corporation assumes no responsibility for any damage, lialmitter doss rising from these
inaccuracies or errors.

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

When using any or all of the information contained in these matenielisding product data, diagrams, charts, progrant,
algorithms, please be sure to evaluate all information as aystaim before making a final decision on the applicability g
the information and products. Renesas Technology Corporation assumes no respdostnilit damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or tnegdifac use in a device or system that is us
under circumstances in which human life is potentially at stake. PlegssetcBenesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering tha psedofct contained herein for
any specific purposes, such as apparatus or systems foottatisp, vehicular, medical, aerospace, nuclear, or underse
repeater use.

The prior written approval of Renesas Technology Corporation is necessapyinid or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanesecexpa restrictions, they must be exported under adiee
from the Japanese government and cannot be imported into a country other #pprdlaed destination.

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

Please contact Renesas Technology Corporation for further detailsemtaerials or the products contained therein.
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HD404629R Series

AS Microcomputer Incorporating a DTMF Generator Circuit

ENESANS

ADE-202-048D
Rev.5.0
Sept. 1999

Description

The HD404629R Series is part of the HMCS400-Series microcomputers designed to increase prc
productivity and also incorporate large-capacity memory. Each microcomputer has a high precision
tone multifrequency (DTMF) generator, LCD controller/driver, A/D converter, input capture circuit, 2
kHz oscillator for clock, and four low-power dissipation modes.

The HD404629R Series includes four chips: the HD404628R with 8-kword ROM; the HD4046212R v
12-kword ROM; the HD404629R with 16-kword ROM; the HD4074629 with 16-kword PROM.

A program can be written to the PROM by a PROM writer, which can dramatically shorten sys
development periods and smooth the process from debugging to mass production.

Features

+ 1,876-digitx 4-bit RAM

e 44 1/0 pins, including 10 high-current pins (15 mA, max.) and 20 pins multiplexed with LCD segmer
pins

* Four timer/counters

» 8-bit input capture circuit

« Three timer outputs (including two PWM out-puts)

« Two event counter inputs (including one double-edge function)

» Clock-synchronous 8-bit serial interface

e AJD converter (4 channels 8 bits)

« LCD controller/driver (52 segments4 commons)

e On-chip DTMF generator

* Built-in oscillators
0 Main clock: 4-MHz ceramic (an external clock is also possible)
0 Subclock: 32.768-kHz crystal

* Eleven interrupt sources
O Five by external sources, including three double-edge functions
O Six by internal sources

e Subroutine stack up to 16 levels, including interrupts



HD404629R Series

* Four low-power dissipation modes
O Subactive mode
0 Standby mode
O Watch mode
0 Stop mode
e One external input for transition from stop mode to active mode
* Instruction cycle time (min.): fis (fosc= 4 MHz)
e Operation voltage
Vcec=2.7V 10 6.0V (HD404629R)
Vee=2.7V105.5V (HD4074629)
» Two operating modes
0O MCU mode
O MCU/PROM mode (HD4074629 only)

RENESAS



HD404629R Series

Ordering Information

Type Product Name Model Name ROM (Words) Package
Mask ROM HD404628R HD404628RH 8,192 100-pin plastic QFP
(FP-100B)
HD404628RFS 100-pin plastic QFP
(FP-100A)
HD404628RTF 100-pin plastic TQFP
(TFP-100B)
HD4046212R HD4046212RH 12,288 100-pin plastic QFP
(FP-100B)
HD4046212RFS 100-pin plastic QFP
(FP-100A)
HD4046212RTF 100-pin plastic TQFP
(TFP-100B)
HD404629R HD404629RH 16,384 100-pin plastic QFP
(FP-100B)
HD404629RFS 100-pin plastic QFP
(FP-100A)
HD404629RTF 100-pin plastic TQFP
(TFP-100B)
ZTAT™ HD4074629 HD4074629H 16,384 100-pin plastic QFP
(FP-100B)
HD4074629FS 100-pin plastic QFP
(FP-100A)
HD4074629TF 100-pin plastic TQFP
(TFP-100B)

ZTAT™: Zero Turn Around Time ZTAT is a trademark of Hitachi Ltd.

Cautions about operaton!

Like the ZTAT" HD4074629 and the HD404629 Series, the HD404629R Series has been verified to 1
meet the standard electrical characteristics described in the data sheet or other related documents. He
due to differences in the manufacturing process, the type of built-in ROMs used, and internal wi
patterns, the HD404629R Series has different power factors, operating margins, and noise margins.

Therefore, you should test both of your systems incorporating the 2'Téill mask ROM versions. When
your system is modified to use an HD404629R Series in place of a conventional chip, you should
perform a similar evaluation test to verify performance of your new system.

RENESAS



HD404629R Series

List of Functions

Product name HD404628R HD4046212R  HD404629R HDA4074629
ROM (Words) 8,192 12,288 16,384 16,384 PROM
RAM (Digits) 1,876
I/O 44 (max)

Large-current I/0 pins 10 (Sink 15 mA max)

LCD segment multiplexed pins 20
Timer / Counter 4

Input capture 8 bit x 1

Timer output 3 (PWM output possible for 2)

Event input 2 (edge selection possible for 1)
Serial interface 1 (8-bit syncronous)
DTMF generation circuit Available
A/D converter 8 bit x 4 channels
LCD controller / driver circuit Max. 52 seg x 4 com
Interrupts External 5 (edge selection possible for 3)

Internal 6

Low-Power Dissipation Mode 4

Stop mode Available

Watch mode Available

Standby mode Available

Subactive mode Available
Main Oscillator Ceramic oscillation 400 kHz, 800 kHz, 2 MHz, 4 MHz

Crystal oscillation 400 kHz, 800 kHz, 2 MHz, 4 MHz —

Sub oscillator Crystal oscillation 32.768 kHz
Minimum instruction execution time 1 ps (fosc = 4 MHz)
Operating voltage (V) 2.7t06.0 2.7t055

Package

100-pin plastic QFP (FP-100B)
100-pin plastic QFP (FP-100A)
100-pin plastic TQFP (TFP-100B)

Guaranteed operation temperature —-20to +75
(C)
RENESAS



HD404629R Series

Pin Arrangement
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HD404629R Series

Pin Arrangement
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HD404629R Series

Pin Description

Pin Number
FP-100B

Item Symbol TFP-100B  FP-100A I/O Function

Power Ve 97 99 Applies power voltage

supply GND 13 15 Connected to ground

Test TEST 7 9 | Used for factory testing only: Connect this pin
to Ve

Reset RESET 10 12 | Resets the MCU

Oscillato  OSC, 8 10 | Input/output pins for the internal oscillator

r circuit:

0OSsC, 9 11 (0] Connect them to a ceramic oscillator ,crystal
oscillator or connect OSC, to an external
oscillator
curcuit

X1 11 13 | Used for a 32.768-kHz crystal for clock
purposes.

X2 12 14 (0] If not to be used, fix the X1 pin to V.. and
leave
the X2 pin open.

Port DD, 14-23 16-25 1/0 Input/output pins addressed by individual bits;
pins D,—D, are high-current pins that can each
supply up to 15 mA

Do, Dyy 24,25 26, 27 I Input pins addressable by individual bits

R0O,—R7, 26-57 28-59 1/0 Input/output pins addressable in 4-bit units
Interrupt INT,, INT,, 25-29 27-31 I Input pins for external interrupts

INT,—INT,

Stop clear STOPC 24 26 | Input pin for transition from stop mode to active
mode

Serial SCK 35 37 /10 Serial interface clock input/output pin

interface g 36 38 I Serial interface receive data input pin

SO 37 39 (@) Serial interface transmit data output pin

Timer TOB, TOC, 30-32 32-34 O Timer output pins

TOD
EVNB, EVND 33,34 35, 36 | Event count input pins

LCD V., V,, Vg 94-96 96-98 Power pins for LCD controller/driver; may be left
open during operation since they are connected by
internal voltage division resistors.

Voltage conditions are: V. 2V, 2V, 2V, 2 GND
COM1-COM4  90-93 92-95 O Common signal pins for LCD
SEG1-SEG52 38-89 40-91 O Segment signal pins for LCD
RENESAS



HD404629R Series

Pin Number
FP-100B
ltem Symbol TFP-100B FP-100A I/O Function
A/ID AV 1 3 Power pin for A/D converter: Connect it to the same
converter potential as V., as physically close to the V. pin as
possible
AV 6 8 Ground for AV.: Connect it to the same potential
as GND, as physically close to the GND pin as
possible
AN,—AN, 2-5 4-7 | Analog input pins for A/D converter
DTMF TONER 99 1 O Output pin for DTMF row signals
TONEC 98 100 (@) Output pin for DTMF column signals
VT, 100 2 Reference voltage pin for DTMF signals.
Voltage conditions are: V¢ 2 VT,; =2 GND
RENESAS



HD404629R Series

Block Diagram
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HD404629R Series

Memory Map

ROM Memory Map

The ROM memory map is shown in figure 1 and described below.

ROM address

ROM address

$0000 $0000
Vector address $0001
$000F (16 words) $0002
$0010 $0003
Zero-page subroutine $0004 |
(64 words) $0005
$003F $0006 |
$0040 $0007
Patt $0008
attern —
(4,096 words) $0009
$000A
$0FFF $000B
$1000 HD404628R $000C|
Program $000D
(8,192 words) $000E
$1FFF $000F
$2000
HD4046212R
Program
(12,288 words)
$2FFF
$3000
HD404629R, HD4074629
Program
$3FFF (16,384 words)

| JMPL instruction _|
(jump to RESET, STOPC routine

JMPL instruction
(jump to INTq routine)

JMPL instruction
(jump to INT; routine)

JMPL instruction
(jump to timer A routine)

JMPL instruction
(jump to timer B, INT, routine)

| JMPL instruction _]
(jump to timer C, INT 3 routine)

JMPL instruction |
(jump to timer D, INT 4 routine)

JMPL instruction

(jump to A/D, serial routine)

Vector Address Area ($0000—$000F):Reserved for JMPL instructions that branch to the start address
of the reset and interrupt routines. After MCU reset or an interrupt, program execution continues fror

vector address.

Zero-Page Subroutine Area ($0000-$003F):Reserved for subroutines. The program branches to

Figure 1 ROM Memory Map

subroutine in this area in response to the CAL instruction.

Pattern Area ($0000-$0FFF): Contains ROM data that can be referenced with the P instruction.

Program Area ($0000-$1FFF: HD404628R; $0000-$2FFF: HD4046212R; $0000-$3FFF;

HD404629R, HD4074629)Used for program coding.

10
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HD404629R Series

RAM Memory Map

The MCU contains a 1,876-digit4-bit RAM area consisting of a memory register area, an LCD data ar
a data area, and a stack area. In addition, an interrupt control bits area, special register area, and
flag area are mapped onto the same RAM memory space as a RAM-mapped register area outside the
areas. The RAM memory map is shown in figure 2 and described below.

RAM-Mapped Register Area ($000-$03F):

Interrupt Control Bits Area ($000-$003)

This area is used for interrupt control bits (figure 3). These bits can be accessed only by RAM bit
manipulation instructions (SEM/SEMD, REM/REMD, and TM/TMD). However, note that not all the
instructions can be used for each bit. Limitations on using the instructions are shown in figure 4.

Special Function Register Area ($004—$01F, $024—-$03F)

This area is used as mode registers and data registers for external interrupts, serial interface,
timer/counters, LCD, A/D converter, and as data control registers for I/O ports. The structure is shc
in figures 2 and 5. These registers can be classified into three types: write-only (W), read-only (R)
read/write (R/W). The SEM, SEMD, REM, and REMD instructions can be used for the LCD control
register (LCR: $01B), but RAM bit manipulation instructions cannot be used for other registers.

Register Flag Area ($020-$023)

This area is used for the DTON, WDON, and other register flags and interrupt control bits (figure 3)
These bits can be accessed only by RAM bit manipulation instructions (SEM/SEMD, REM/REMD, :
TM/TMD). However, note that not all the instructions can be used for each bit. Limitations on using
the instructions are shown in figure 4.

RENESAS 1



HD404629R Series

RAM address

RAM address

$000 X $000 Interrupt control bits area
RAM-mapped register area $003 ‘
$004 | Port mode register A (PMRA)!
$040 [ Memory registers (10 digits) $005 | Serial mode register A (SMRA)! W
$050 $006 | Serial data register lower (SRL): R/W
LCD display area (52 digits) $007 | Serial data register upper (SRU)! R/W
$084 Not used $008 | Timer mode register A (TMA)! W
$090 $009 | Timer mode register B1 (TMB1)! W
$00A| Timer B (TRBL/TWBL) | R/W
- ‘1 $00B (TRBU/TWBU) R/W
Datz;\/(:%4(gg;r:tksg)3) $00C | Miscellaneous register MIS)I w
P V = 1 (bank 1) $00D | Timer mode register C1 (TMC1). W
3 V =2 (bank 2) $00E| TimerC (TRCL/TWCL);_R/W
! $00F (TRCU/TWCU). R/W
$010 | Timer mode register D1 _(TMD1). W
$260 $011| TimerD (TRDL/TWDL)E R/W
| Data (352 digits) $012 (TRDU/TWDU). riw
' $013 | Timer mode register B2 (TMB2): R/W
$3C0 $014 Timer mode reg?ster Cc2 (TMC2)3 R/W
Stack (64 digits) $015| Timer mode r§g|ster D2 (TMD2): R/W
! $016 | A/D mode register (AMR): W
; $3FF $017 | A/D data register lower (ADRL)! R
| $018 | A/D data register upper (ADRU)} R
$019 | TG mode register (TGM) W
$01A| TG control register (TGC), W
e e $01B| LCD control register (LCR)! W
P $01C| LCD mode register (LMR), W
3 $01D| LCD output register 1 (LOR1), W
Data Data Data $O01E | LCD output register 2 (LORZ)E w
D1 | (464 digits)| | (464 digits)| | (464 digits) :g;g LCD output register 3 (LOR3); W
= v=0 v=1 V=2 )
| (bank =0) | | (bank = 1) | | (bank = 2) $023 Register flag area
| $024 | Port mode register B (PMRB)! W
$025 | Port mode register C  (PMRC) W
s $026 | Detection edge select register 1 (ESR1): W
$027 | Detection edge select register 2 (ESR2)! W
Notes: 1. The data area has three banks: $028 | Serial mode register B (SMRB), w
2 'tl)'a/rl)krgg;i\ét;r?a:?ebrﬁggse(civ =2 $029 | System clock select register (SSR)! W
on the same area. $02A Not used
$02B
R: Read only $02C| Port D-D3 DCR (DCDO)! W
\év/w ‘Q’ég‘; /Svr::tye $02D| PortD4~D; DCR (DCD1). w
: $02E| Port Dg and Dg DCR (DCD2): W
$02F Not used
$030 | Port RO DCR (DCRO)| W
$031 | Port R1 DCR (DCR1)! W
$032 | Port R2 DCR (DCR2): W
$033 | Port R3 DCR (DCR3); W
$034 | Port R4 DCR (DCR4)! W
$035 | Port R5 DCR (DCR5): w
$036 | Port R6 DCR (DCR6)! W
$037 | Port R7 DCR (DCR7)! W
$038 Not used
$03E|
$03F |V register V)| RIW

Timer read register B lower (TRBL)

Timer write register B lower (TWBL) i W

Timer read register B upper (TRBU)| R

Timer write register B upper (TWBU)E w

Timer read register C lower (TRCL) | R

Timer write register C lower (TWCL): W

Timer read register C upper (TRCU)E R

Timer write register C upper (TWCU), W

Timer read register D lower (TRDL) 1 R

Timer write register D lower (TWDL)i w

Timer read register D upper (TRDU)E R

Timer write register D upper (TWDU)E w

Figure 2 RAM Memo
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$000

$001

$002

$003

$020

$021

$022

$023

Bit 3 Bit 2 Bit 1 Bit 0
MO 7o RSP (InttIeErupt
IM of INT, IF of INT, Reset SP bit
(Mo o (Fo o (Rese K enable flag)
IMTA IFTA IM1 IF1
(IM of timer A) (IF of timer A) (IM of INTy) (IF of INTy)
IMTC IFTC IMTB IFTB
(IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
IMAD IFAD IMTD IFTD
(IM of A/D) (IF of A/D) (IM of timer D) (IF of timer D)
Interrupt control bits area
Bit 3 Bit 2 Bit 1 Bit 0
DTON ADSF WDON LSON
(Direct transfer (AID start flag) (Watchdog (Low speed
on flag) g on flag) on flag)
RAME ICEF ICSF
(RAM enable Not used (Input capture (Input capture
flag) error flag) status flag)
IM3 IF3 IM2 IF2
(IM of INT3) (IF of INT3) (IM of INT) (IF of INTY)
IMS IFS
. IM4 IF4
(IM of serial (IF of serial
interface) interface) (IMof INT) (IF of INT,)

Register flag area

IF: Interrupt request flag
IM: Interrupt mask

IE: Interrupt enable flag
SP: Stack pointer

Figure 3 Configuration of Interrupt Control Bits and Register Flag Areas

SEM/SEMD REM/REMD TM/TMD
IE
IM Allowed Allowed Allowed
LSON
IF
:SEE Not executed Allowed Allowed
RAME
RSP Not executed Allowed Inhibited
WDON Allowed Not executed Inhibited
ADSF Allowed Inhibited Allowed
DTON Not exe(.:uted in gctive mode Allowed Allowed
Used in subactive mode
Not used Not executed Not executed Inhibited

Note: WDON is reset by MCU reset or by STOPC enable for stop mode cancellation.
The REM or REMD instuction must not be executed for ADSF during A/D conversion.
DTON is always reset in active mode.
If the TM or TMD instruction is executed for the inhibited bits or non-existing bits,
the value in ST becomes invalid.

Figure 4 Usage Limitations of RAM Bit Manipulation Instructions
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RAM address

$000

$003

PMRA $004
SMRA $005

SRL $006

SRU $007

TMA $008

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

TMCI $00D
TRCL/TWCL $00E
TRCU/TWCU $00F
TMDI $010
TRDL/TWDL $011
TRDU/TWDU $012
TMB2 $013

TMC2 $014

TMD2 $015

AMR $016

ADRL $017

ADRU $018

TGM $019

TGC $01A

LCR $01B

LMR $01C

LOR1 $01D

LOR2 $01E

LOR3 $01F

$020

$023

PMRB $024
PMRC $025
ESR1 $026
ESR2 $027
SMRB $028
SSR $029

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

DCRO $030
DCR1 $031
DCR2 $032
DCR3 $033
DCR4 $034
DCR5 $035
DCR6 $036
DCR7 $037

V $03F

Bit 3 Bit 2 Bit1 Bit 0
Interrupt control bits area
Notused | Notused | R2J/SI | R24SO
Rzllw Serial transmit clock speed selection
Serial data register (lower digit)
Serial data register (upper digit)
*1 Clock source setting (timer A)
*2 Clock source setting (timer B)
Timer B register (lower digit)
Timer B register (upper digit)
* R23/SO PMOS comro\‘ Interrupt frame period selection
* Clock source setting (timer C)
Timer C register (lower digit)
Timer C register (upper digit)
*2 Clock source setting (timer D)
Timer D register (lower digit)
Timer D register (upper digit)
Not used Not used ‘ Timer-B output mode selection
Not used Timer-C output mode setting
*4 Timer-D output mode setting
Analog channel selection ‘ Not used ‘ *5

A/D data register (lower digit)

A/D data register (upper digit)

TONEC output frequency

TONER output frequency

*6 7 DTMF enable| Not used

Not used *8 *9 *10
LCD input clock source selection| LCD duty cycle selection
R3,/SEG4 R3,/SEG3 R3,/SEG2 R3,/SEG1
R4,/SEG8 R4,/SEG7 R4,/SEG6 R4,/SEG5

Notused |R7/SEG17-20| R6/SEG13-16 | R5/SEG9-12
Register flag area

RO4/INT, RO,/INT, RO,/INT, RO,/INT,
Dy4/INT, | D4o/STOPC | R2/EVND | R1,/EVNB

INT; detection edge selection

INT, detection edge selection

EVND detection edge selection

INT, detection edge selection

Not used Not used

1 [t

*13 *14

Clock select

Not used

Port D3 DCR | Port D, DCR

Port D; DCR | Port D, DCR

Port D; DCR | Port Dg DCR

Port D; DCR | Port D, DCR

Not used Not used

Port Dg DCR | Port Dg DCR

Not used

Port R0; DCR | Port R0, DCR

Port R0; DCR | Port ROy DCR

Port R1; DCR | Port R1, DCR

Port R1; DCR | Port R1y 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 R4y DCR

Port R5; DCR | Port R5, DCR

Port R5; DCR | Port R5, DCR

Port R6; DCR | Port R6, DCR

Port R6, DCR| Port R6, DCR

Port R7; DCR | Port R7, DCR

Port R7, DCR | Port R7, DCR

Not used

Not used ‘ Not used ‘ Bank 0 to bank 2 selection

Notes:

Timer-A/time-base
Auto-reload on/off

Pull-up MOS control

Input capture selection

A/D conversion time
TONEC output control
TONER output control
Display on/off in watch mode
LCD power switch

. LCD display on/off

. SO idle H/L setting

. Transmit clock source selection
. 32-kHz oscillation stop setting

. 32-kHz oscillation division ratio

14

Figure 5 Special Function Register Area
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Memory Register (MR) Area ($040-$04F): Consisting of 16 addresses, this area (MRO—MR15) can k
accessed by register-register instructions (LAMR and XMRA). The structure is shown in figure 6.

Memory registers Stack area
$040 MR(0) $3C0 Level 16
$041 MR(1) Level 15
$042 MR(2) Level 14
$043 MR(3) Level 13
$044 MR(4) Level 12
$045 MR(5) Level 11
$046 MR(6) Level 10
$047 | MR(7) Level 9 Bit 3 Bit2 Bitl1  Bit0
$048 MR(8) Level 8 —_ — —
$049 | MR(9) Level 7 $3FC| ST PCi3 | PCj, | PCy
$04A | MR(10) Level 6 —_ —_ — _
$04B MR(11) Level 5 $3FD| PC,, PCq PCg PC,
$04C | MR(12) Level 4 — — —_
$04D MR(13) Level 3 $3FE| CA PCq PC; | PC,
$04E MR(14) Level 2 - — __ __
$04F | MR(15) $3FF | Level 1 $3FF | PC; | PC, | PCy | PGy
PC,3—PC,: Program counter
ST: Status flag
CA: Carry flag

Figure 6 Configuration of Memory Registers and Stack Area, and Stack Position

RENESAS 15



HD404629R Series

LCD Data Area ($050-$083): Used for storing 52-digit LCD data which is automatically output to LCC
segments as display data. Data 1 lights the corresponding LCD segment; data O extinguishes it. R
the LCD description for details.

Data Area ($090-$3BF): 464 digits from $090 to $25F have three banks, which can be selected by set
the bank register (V: $03F). Before accessing this area, set the bank register to the required value |
7). The area from $260 to $3BF is accessed without setting the bank register.

Bank register (V: $03F)
Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 0
Read/Write — — R/W R/W
Bit name Not used Not used V1 VO
V1 VO Bank area selection
0 0 Bank 0 is selected
1 Bank 1 is selected
1 0 Bank 2 is selected
1 Not Used
Note: After reset, the value in the bank register is 0, and therefore bank 0 is
selected. If V1 =1 and VO =1, no bank is selected, and the operation is not
guaranteed.

Figure 7 Bank Register (V)

Stack Area ($3C0-$3FF): Used for saving the contents of the program counter (PC), status flag (ST),
carry flag (CA) at subroutine call (CAL or CALL instruction) and for interrupts. This area can be used
16-level nesting subroutine stack in which one level requires four digits. The data to be saved and the
conditions are shown in figure 6.

The program counter is restored by either the RTN or RTNI instruction, but the status and carry flag:
only be restored by the RTNI instruction. Any unused space in this area is used for data storage.

16 RENESAS
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Functional Description

Registers and Flags

The MCU has nine registers and two flags for CPU operations. They are shown in figure 8 and desc
below.

3 0
Accumulator Initial value: Undefined, RIW A)
3 0
B register Initial value: Undefined, R/W (B)
1 0
W register Initial value: Undefined, R/W (W)
3 0
X register Initial value: Undefined, R/W X)
3 0
Y register Initial value: Undefined, R/W Y)
3 0
SPX register Initial value: Undefined, R/W (SPX)
3 0
SPY register Initial value: Undefined, R/W (SPY)
0
Carry Initial value: Undefined, R/W (CA)
0
Status Initial value: 1, R/W not possible (ST)
Program counter 13 0
Initial value: $0000, (PC)
R/W not possible
9 5 0
Stack pointer
Initial value: $3FF, R/W not possible o (SP)

Figure 8 Registers and Flags

Accumulator (A) and B Register (B): A and B are 4-bit registers, and are used to hold the results of AL
(arithmetic and logical unit) operations and to transfer data between memory, I/O ports, and other regi:

W Register (W), X Register (X), and Y Register (Y): W is a 2-bit register and X and Y are 4-bit
registers. These registers are used in RAM register indirect addressing. The Y register is also used in
addressing.

RENESAS 17
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SPX Register (SPX) and SPY Register (SPY)The SPX and SPY registers are 4-bit registers used
supplement the X and Y registers.

Carry Flag (CA): CA is a 1-bit flag that stores ALU overflow generated by an arithmetic operation. CA
set to 1 when an overflow is generated, and is cleared to O after operations in which no overflow occt
CA is also affected by the carry set/carry clear instructions (SEC and REC), and by the rotate with
instructions (ROTL and ROTR).

During interrupt handling, CA is saved on the stack, and is restored from the stack by the RTNI instruc

Status Flag (ST): ST is a 1-bit flag that stores the results of arithmetic instructions, compare instructic
and bit test instructions, and is used as the branch condition for the BR, BRL, CAL, and CALL conditic
branch instructions.

The contents of the ST flag are held until the next arithmetic, compare, bit test, or conditional br:
instruction is executed. After the execution of a conditional branch instruction, the value of ST is set
without regard to the condition.

During interrupt handling, ST is saved on the stack, and is restored from the stack by the RTNI instruct

Program Counter (PC): The PC is a 14-bit counter that indicates the ROM address of the next instruct
the CPU will execute.

Stack Pointer (SP): The SP is a 10-bit register that indicates the RAM address of the next stack fram
the stack area.

The SP is initialized to $3FF by a reset. The SP is decremented by 4 by a subroutine call or by inte
handling, and is incremented by 4 when the saved data has been restored by a return instruction.

The upper 4 bits of the SP are fixed at 1111; the maximum number of stack levels is thus 16.

In addition to the reset method described above, the SP can also be initialized to $3FF by clearing the
stack pointer (RSP) in the interrupt control bits area with a RAM bit manipulation instruction, i.e., REN
REMD.

Reset

The MCU is reset by inputting a high-level voltage to the RESET pin. At power-on or when stop moc
cancelled, RESET must be high for at least gpeéa enable the oscillator to stabilize. During operation
RESET must be high for at least two instruction cycles.

Initial values after MCU reset are listed in table 1.

18 RENESAS



HD404629R Series

Table 1 Initial Values After MCU Reset

Initial
Item Abbr. Value Contents
Program (PC) $0000 Indicates program execution point from start
counter address of ROM area
Status flag (ST) 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
flags/mask Interrupt request flag (IF) 0 Indicates there is no interrupt request
Interrupt mask (M) 1 Prevents (masks) interrupt requests
110 Port data register (PDR) All bits 1 Enables output at level 1
Data control register (DCDoO, All bits O Turns output buffer off (to high impedance)
DCD1)
(DCD2) --00
(DCRO, All bits 0
—DCR?7)
Port mode register A (PMRA) --00 Refer to description of port mode register A
Port mode register B (PMRB) 0000 Refer to description of port mode register B
Port mode register C (PMRC3, 000 Refer to description of port mode register C
bits 3, 1, 0 PMRC1,
PMRCO)
Detection edge select (ESR1) 0000 Disables edge detection
register 1
Detection edge select (ESR2) 0000 Disables edge detection
register 2
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode register A
counters, Timer mode register B1 ~ (TMB1) 0000 Refer to description of timer mode register B1
serial Timer mode register B2  (TMB2) --00 Refer to description of timer mode register B2
interface Timer mode register C1 ~ (TMC1) 0000 Refer to description of timer mode register C1
Timer mode register C2  (TMC2) - 000 Refer to description of timer mode register C2
Timer mode register D1~ (TMD1) 0000 Refer to description of timer mode register D1
Timer mode register D2 (TMD2) 0000 Refer to description of timer mode register D2
Serial mode register A (SMRA) 0000 Refer to description of serial mode register A
Serial mode register B (SMRB) --X0 Refer to description of serial mode register B
Prescaler S (PSS) $000 —
Prescaler W (PSW) $00 —
Timer counter A (TCA) $00 —
Timer counter B (TCB) $00 —
Timer counter C (TCC) $00 —
Timer counter D (TCD) $00 —
RENESAS
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Table 1 Initial Values After MCU Reset (cont)
Initial
Item Abbr. Value Contents
Timer/ Timer write register B (TWBU, $X0 —
counters, TWBL)
serial Timer write register C (TwCu, $X0 —
interface TWCL)
Timer write register D (TWDU, $X0 —
TWDL)
Octal counter (0OC) 000 —
AID A/D mode register (AMR) 00-0 Refer to description of A/D mode register
A/D data register (ADRL, $80 Refer to description of A/D data register
ADRU)
LCD LCD control register (LCR) - 000 Refer to description of LCD control register
LCD mode register (LMR) 0000 Refer to description of LCD duty-cycle/clock
control register
LCD output register 1 (LOR1) 0000 Sets R-port/LCD segment pins to R port mode
LCD output register 2 (LOR2) 0000
LCD output register 3 (LOR3) - 000
DTMF Tone generator mode (TGM) 0000 Refer to description of tone generator mode
register register
Tone generator control (TGC) 000 - Refer to description of tone generator control
register register
Bit registers Low speed on flag (LSON) 0 Refer to description of operating modes
Watchdog timer on flag ~ (WDON) 0 Refer to description of timer C
A/D start flag (ADSF) 0 Refer to description of A/D converter
Direct transfer on flag (DTON) 0 Refer to description of operating modes
Input capture status flag  (ICSF) 0 Refer to description of timer D
Input capture error flag (ICEF) 0 Refer to description of timer D
Others Miscellaneous register (MIS) 0000 Refer to description of operating modes, 1/0, and
serial interface
System clock select (SSR) 0000 Refer to description of operating modes,
register oscillation circuits, and DTMF generator
Bank register ) --00 Refer to description of RAM memory map

Notes: 1. The statuses of other registers and flags after MCU reset are shown in the following table.
2. Xindicates invalid value. — indicates that the bit does not exist.

20
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Status After Cancel- Status After Cancel-

lation of Stop Mode by lation of Stop Mode by Status After all Other Types
Iltem Abbr. STOPC Input RESET Input of Reset
Carry flag (CA) Pre-stop-mode values are not guaranteed; Pre-MCU-reset values
Accumulator (A) values must be initialized by program are not guaranteed; val-
B register (B) ues must be initialized by
W register (W) program
XI/SPX register (XISPX)
YISPY register (YISPY)
Serial data register  (SRL, SRU)
RAM Pre-stop-mode values are retained
RAM enable flag (RAME) 1 0 0
Port mode (PMRC2) Pre-stop-mode 0 0
register C bit 2 values are retained

System clock (SSR3)
select register bit 3

Interrupts

The MCU has 11 interrupt sources: five external signag{ INT,, INT,—INT,), four timer/ counters
(timers A, B, C, and D), serial interface, and A/D converter.

An interrupt request flag (IF), interrupt mask (IM), and vector address are provided for each inter
source, and an interrupt enable flag (IE) controls the entire interrupt process.

Some vector addresses are shared by two different interrupts. They are timer B gniiir&TC and
INT,, timer D and INT, and A/D converter and serial interface interrupts. So the type of request that
occurred must be checked at the beginning of interrupt processing.

Interrupt Control Bits and Interrupt Processing: Locations $000 to $003 and $022 to $023 in RAM are
reserved for the interrupt control bits which can be accessed by RAM bit manipulation instructions.

The interrupt request flag (IF) cannot be set by software. MCU reset initializes the interrupt enable
(IE) and the IF to 0 and the interrupt mask (IM) to 1.

A block diagram of the interrupt control circuit is shown in figure 9, interrupt priorities and vect
addresses are listed in table 2, and interrupt processing conditions for the 11 interrupt sources are li
table 3.

An interrupt request occurs when the IF is set to 1 and the IM is set to 0. If the IE is 1 at that point
interrupt is processed. A priority programmable logic array (PLA) generates the vector address assig!
that interrupt source.

The interrupt processing sequence is shown in figure 10 and an interrupt processing flowchart is sho
figure 11. After an interrupt is acknowledged, the previous instruction is completed in the first cycle.
IE is reset in the second cycle, the carry, status, and program counter values are pushed onto the

RENESAS 1
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during the second and third cycles, and the program jumps to the vector address to execute the insti
in the third cycle.

Program the JMPL instruction at each vector address, to branch the program to the start address
interrupt program, and reset the IF by a software instruction within the interrupt program.

Table 2 Vector Addresses and Interrupt Priorities

Reset/Interrupt Priority Vector Address
RESET, STOPC* — $0000

INT, 1 $0002

INT, 2 $0004

Timer A 3 $0006

Timer B, INT2 4 $0008

Timer C, INT3 5 $000A

Timer D, INT4 6 $000C

A/D, Serial 7 $000E

Note: * The STOPC interrupt request is valid only in

stop mode.
RENESAS
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Interrupt request

INT interrupt

Vector
address

I

Priority controller

INT; interrupt

Timer A interrupt

$022,0
IF2 | INT, interrupt

$022,1
M2

$022,2
IF3| INT3 interrupt
$022,3
IM3
$023,0
IF4 | INT, interrupt
$023,1
IM4

$023,2
IFS Serial interrupt

$ 023,3
IMS

Timer B interrupt

Timer C interrupt

Timer D interrupt

A/D interrupt

Note: $m,n is RAM address $m, bit number n.

Figure 9 Interrupt Control Circuit
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Table 3 Interrupt Processing and Activation Conditions
Interrupt Source
Interrupt L L TimerBor TimerCor TimerDor A/Dor
Cuntrol Bit INT, INT, Timer A INT, INT3 INT,4 Serial
IE 1 1 1 1 1 1 1
IFO - IMO 1 0 0 0 0 0 0
IF1 - M1 * 1 0 0 0 0 0
IFTA - IMTA * * 1 0 0 0 0
IFTB - IMTB * * * 1 0 0 0
+IF2- M2
IFTC - IMTC  * * * * 1 0 0
+I1F3- IM3
IFTD - IMTD  * * * * * 1 0
+ IF4 - IM4
IFAD - IMAD * * * * * * 1
+IFS - IMS
Note: Bits marked * can be either 0 or 1. Their values have no effect on operation.
Instruction cycles
1 2 3 4 5 6
| | | | | | |
[ I I I I I I
Instruction
execution*
Interrupt | Stacking |
acceptance | IE reset | |Vector address|
generation

Execution of IMPL
instruction at vector address

Note: * The stack is accessed and the |E reset after the instruction
is executed, even if it is a 2-cycle instruction.

Execution of
instruction at
start address
of interrupt
routine

24

Figure 10 Interrupt Processing Sequence
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Power on

No

RESET =1?

Y

Interrupt
request?

No

Yes

No
Yes
Reset MCU Execute instruction Accept interrupt
IE <0
PC~(PC)+1 Stack < (PC)
Stack ~ (CA)
Stack < (ST)
Yes INT,
=~ PC- 30002 interrupt?
-] PC - $0004
Timer-A
~7 PC<-3$0006 interrupt?
| PC - $0008 Timer-B/INT>
interrupt?
-— PC < $000A
-— PC < $000C
(A/D, serial interrupt)
‘«—|  PC -~ $000E
Figure 11 Interrupt Processing Flowchart

RENESAS
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Interrupt Enable Flag (IE: $000, Bit 0): Controls the entire interrupt process. It is reset by the interruy
processing and set by the RTNI instruction, as listed in table 4.

Table 4 Interrupt Enable Flag (IE: $000, Bit 0)

Interrupt
IE Enabled/Disabled
0 Disabled

Enabled

External Interrupts (INT,, INT,, INT —INT,): Five external interrupt signals.

External Interrupt Request Flags (IFO-IF4: $000, $001, $022, $023)f0 and IF1 are set at the falling
edge of signals input ttNT, andINT,, and IF2—IF4 are set at the rising or falling edge of signals input |
INT—INT,, as listed in table 5. The INFINT, interrupt edges are selected by the detection edge sele
registers (ESR1, ESR2: $026, $027) as shown in figures 12 and 13.

Table 5 External Interrupt Request Flags (IFO-IF4: $000, $001, $022, $023)

IFO-IF4 Interrupt Request
0 No
1 Yes

Detection edge selection register 1 (ESR1: $026)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w W w
Bit name ESR13 ESR12 ESR11 ESR10
ESR13 ESRI12 INT3 detection edge ESR11 ESRI10 INT, detection edge
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection® 1 Double-edge detection *
Note: * Both falling and rising edges are detected.

Figure 12 Detection Edge Selection Register 1 (ESR1)
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Detection edge selection register 2 (ESR2: $027)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W w w
Bit name ESR23 ESR22 ESR21 ESR20
ESR23 ESR22 EVND detection edge ESR21 ESR20 INT,4 detection edge
0 0 No detection 0 0 No detection
1 Falling-edge detection Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection® 1 Double-edge detection”

Note: * Both falling and rising edges are detected.

Figure 13 Detection Edge Selection Register 2 (ESR2)

External Interrupt Masks (IMO-IM4: $000, $001, $022, $023): Prevent (mask) interrupt requests
caused by the corresponding external interrupt request flags, as listed in table 6.

Table 6 External Interrupt Masks (IMO—IM4: $000, $001, $022, $023)

IMO-IM4 Interrupt Request
0 Enabled
1 Disabled (masked)

Timer A Interrupt Request Flag (IFTA: $001, Bit 2): Set by overflow output from timer A, as listed in

table 7.

Table 7 Timer A Interrupt Request Flag (IFTA: $001, Bit 2)

IFTA Interrupt Request
0 No
1 Yes

RENESAS
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Timer A Interrupt Mask (IMTA: $001, Bit 3): Prevents (masks) an interrupt request caused by th
timer A interrupt request flag, as listed in table 8.

Table 8 Timer A Interrupt Mask (IMTA: $001, Bit 3)

IMTA Interrupt Request
0 Enabled
1 Disabled (masked)

Timer B Interrupt Request Flag (IFTB: $002, Bit 0): Set by overflow output from timer B, as listed in
table 9.

Table 9 Timer B Interrupt Request Flag (IFTB: $002, Bit 0)

IFTB Interrupt Request
0 No
1 Yes

Timer B Interrupt Mask (IMTB: $002, Bit 1): Prevents (masks) an interrupt request caused by tt
timer B interrupt request flag, as listed in table 10.

Table 10 Timer B Interrupt Mask (IMTB: $002, Bit 1)

IMTB Interrupt Request
0 Enabled
1 Disabled (masked)

Timer C Interrupt Request Flag (IFTC: $002, Bit 2): Set by overflow output from timer C, as listed in
table 11.

Table 11 Timer C Interrupt Request Flag (IFTC: $002, Bit 2)

IFTC Interrupt Request
0 No
1 Yes
RENESAS
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Timer C Interrupt Mask (IMTC: $002, Bit 3): Prevents (masks) an interrupt request caused by th
timer C interrupt request flag, as listed in table 12.

Table 12 Timer C Interrupt Mask (IMTC: $002, Bit 3)

IMTC Interrupt Request
0 Enabled
1 Disabled (masked)

Timer D Interrupt Request Flag (IFTD: $003, Bit 0): Set by overflow output from timer D, or by the
rising or falling of signals input to EVND when the input capture function is used, as listed in table 13.

Table 13 Timer D Interrupt Request Flag (IFTD: $003, Bit 0)

IFTD Interrupt Request
0 No
1 Yes

Timer D Interrupt Mask (IMTD: $003, Bit 1): Prevents (masks) an interrupt request caused by tf
timer D interrupt request flag, as listed in table 14.

Table 14 Timer D Interrupt Mask (IMTD: $003, Bit 1)

IMTD Interrupt Request
0 Enabled
1 Disabled (masked)

Serial Interrupt Request Flag (IFS: $023, Bit 2): Set when data transfer is completed or when dat
transfer is suspended, as listed in table 15.

Table 15 Serial Interrupt Request Flag (IFS: $023, Bit 2)

IFS Interrupt Request
0 No
1 Yes
RENESAS
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Serial Interrupt Mask (IMS: $023, Bit 3): Prevents (masks) an interrupt request caused by the ser
interrupt request flag, as listed in table 16.

Table 16 Serial Interrupt Mask (IMS: $023, Bit 3)

IMS Interrupt Request
0 Enabled
1 Disabled (masked)

A/D Interrupt Request Flag (IFAD: $003, Bit 2): Set at the completion of A/D conversion, as listed in
table 17.

Table 17 A/D Interrupt Request Flag (IFAD: $003, Bit 2)

IFAD Interrupt Request
0 No
1 Yes

A/D Interrupt Mask (IMAD: $003, Bit 3): Prevents (masks) an interrupt request caused by the A/
interrupt request flag, as listed in table 18.

Table 18 A/D Interrupt Mask (IMAD: $003, Bit 3)

IMAD Interrupt Request

0 Enabled

1 Disabled (masked)
RENESAS
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Operating Modes

The MCU has five operating modes as shown in table 19. The operations in each mode are listed in
20 and 21. Transitions between operating modes are shown in figure 14.

Active Mode: All MCU functions operate according to the clock generated by the system oscillatpr O

and OSG.

Table 19 Operating Modes and Clock Status

Mode Name
Active Standby Stop Watch Subactive *2
Activation RESET SBY STOP STOP INT, or timer A
method cancellation, instruction instruction instruction interrupt request
interrupt when when from watch
request, TMA3 =0 TMA3 =1 mode
STOPC
cancellation
in stop mode,
STOP/SBY
instruction in
subactive mode
(when direct
transfer is
selected)
Status System OP OoP Stopped Stopped Stopped
oscillator
Subsystem OoP OoP OP*1 OoP oP
oscillator
Cancellation RESET input, RESET input, RESET input, RESET input, RESET input,
method STOP/SBY interrupt STOPC input INT, ortimer A STOP/SBY
instruction request in stop mode interrupt instruction
request
Notes: OP implies in operation.

1. Operating or stopping the oscillator can be selected by setting bit 3 of the system clock select
register (SSR: $029).
2. Subactive mode is an optional function; specify it on the function option list.

RENESAS
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Table 20 Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode ~ *2
CPU Reset Retained Retained oP
RAM Retained Retained Retained OoP
Timer A Reset OoP OoP OP
Timer B Reset Stopped OoP oP
Timer C Reset Stopped OoP oP
Timer D Reset Stopped OoP OoP
Serial interface Reset Stopped*3 OoP OoP

A/D Reset Stopped OoP Stopped
LCD Reset OpP*4 OP oP
DTMF Reset Reset Stopped Reset
I/0 Reset*1 Retained Retained OoP

Notes: OP implies in operation.

1. Output pins are at high impedance.
2. Subactive mode is an optional function specified on the function option list.
3. Transmission/Reception is activated if a clock is input in external clock mode. However,
interrupts stop.
4.  When a 32-kHz clock source is used.
Table 21 1/O Status in Low-Power Dissipation Modes
Output Input
Standby Mode, Active Mode,
Watch Mode Stop Mode Subactive Mode
Dg—Dg Retained High impedance Input enabled
D10-D11 — — Input enabled
RO-R7 Retained or output High impedance Input enabled

of peripheral functions

32
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Reset by
RESET input or
by watchdog timer

Stop mode
' (TMA3=0,SSR3=0) |
RAME =0 y RAME =1 fosc:  Stop
STOPC fx: Oscillate
RESET1 RESET2 Pepy- Stop
Bok: Stop
Pper:  Stop
Active
Standby mode mode

(TMA3 = 0, SSR3 = 1)

| fosc:  Oscillate | ! SBY | fosc:  Oscillate | fosc:  Stop
| Oscillate | oy Oscillate |1 fx: Stop
Zcpy- fStop ' Interrupt Gcpuy- ICVC STOP Gepu - 2:0p
| Peik Teye ; " Pek: Teye ; Deik-  op
| Zper’ feye | Zper: feye | Bper:  Stop
! 3 } (TMA3=0): T
Watch mode
(TMA3 =1) ! ' (TMA3=1,LSON=0) |
fosc: Oscillate || 1| fosc:  Oscillate | fosc:  Stop
| . ! SBY ! . | STOP ! . |
o fxe Oscillate |« - fx: Oscillate R - fx: Oscillate |:
! . 1 | . ' INTy, 1 . !
| Pepu’ fStop . Interrupt || 2Py ]Ecyc  dmerart || Zeru; fStop |
V| Zeks w - Beik- w - H ek w !
| @rer’ foye : | Zrer” foye /| Pper’ StOP
x3
fosc:  Main oscillation frequency ¢\ . "2
fx: Suboscillation frequency mode STOP ! (TMA3 = 1, LSON = 1)
for time-base | —= — |
foye: foscld fosc:  Stop ” . fosc:  Stop !
foug:  fx/8 or /4 fx: Oscillate NTo = fx: Oscillate |
(software selectable) gcpuf ISUB timer A1 chuf fStOP
fw: fx/8 CLk: W | Toke W :
Bcpy: CPU operating clock Zper:fsus [ Zper: Stop

@c k- Timer A operating clock
Zper:  Clock for peripheral
functions (except timer A) Notes:
LSON: Low speed on flag
DTON: Direct transfer on flag

Interrupt source

STOP/SBY (DTON =1, LSON = 0)
STOP/SBY (DTON =0, LSON =0)
STOP/SBY (DTON = Don't care, LSON = 1)

PN

Figure 14 MCU Status Transitions
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Standby Mode: In standby mode, the oscillators continue to operate, but the clocks related to instruc
execution stop. Therefore, the CPU operation stops, but all RAM and register contents are retained, a
D or R port status, when set to output, is maintained. Peripheral functions such as interrupts, timer:
serial interface continue to operate. The power dissipation in this mode is lower than in active n
because the CPU stops.

The MCU enters standby mode when the SBY instruction is executed in active mode.

Standby mode is terminated by a RESET input or an interrupt request. If it is terminated by RESET i
the MCU is reset as well. After an interrupt request, the MCU enters active mode and executes the
instruction after the SBY instruction. If the interrupt enable flag is 1, the interrupt is then processed; if
0, the interrupt request is left pending and normal instruction execution continues. A flowchar
operation in standby mode is shown in figure 15.

CStop mode) CStandby mode) CWatch mode)

RESET =172

Yes

IF1eIMT =12

RAME =0

IFTB -
IMTB + IF2 +
IM2 = 12

Yes*1

Yes*1 IFTD »
IMTD + IF4

IM4 =12

No

System clock
oscillator started #

Next instruction System clock
Y execution oscillator started

System reset
e

Yes

Note: 1. Only when clearing from standby mode Next instruction Interrupts

execution enabled

Figure 15 MCU Operation Flowchart
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Stop Mode: In stop mode, all MCU operations stop and RAM data is retained. Therefore, the po
dissipation in this mode is the least of all modes. The (@88 OS¢ oscillator stops. For the X1 and X2
oscillator to operate or stop can be selected by setting bit 3 of the system clock select register (SSR:
operating: SSR3 = 0, stop: SSR3 = 1) (figure 27). The MCU enters stop mode if the STOP instructi
executed in active mode when bit 3 of timer mode register A (TMA: $008) is set to 0 (TMA3 = 0) (fig
44).

Stop mode is terminated by a RESET input ST®PC input as shown in figure 16. RESET $FOPC
must be applied for at least ong to stabilize oscillation (refer to the AC Characteristics section). Whe
the MCU restarts after stop mode is cancelled, all RAM contents before entering stop mode are rete
but the accuracy of the contents of the accumulator, B register, W register, X/SPX register, Y/SPY reg
carry flag, and serial data register cannot be guaranteed.

Stop mode
Oscillator _cat L TP

el [ ]| @M AN

RESET S \—
STOPC D ’—
? }‘7%&34’*
STOP instruction execution (at least equal to oscillator stabilization time tgc)

Figure 16 Timing of Stop Mode Cancellation

Watch Mode: In watch mode, the clock function (timer A) using the X1 and X2 oscillator and the LC
function operate, but other function operations stop. Therefore, the power dissipation in this mode i
second least to stop mode, and this mode is convenient when only clock display is used. In this moc
OSG and OSGoscillator stops, but the X1 and X2 oscillator operates. The MCU enters watch mode if
STOP instruction is executed in active mode when TMA3 = 1, or if the STOP or SBY instructior
executed in subactive mode.

Watch mode is terminated by a RESET input or a tim@NA&/ interrupt request. For details of RESET
input, refer to the Stop Mode section. When terminated by a timMi&fTAlnterrupt request, the MCU
enters active mode if LSON = 0, or subactive mode if LSON = 1. After an interrupt request is gener
the time required to enter active modegjsfor a timer A interrupt, and,T(where T + . < T, < 2T + t¢)

for anINT, interrupt, as shown in figures 17 and 18.

Operation during mode transition is the same as that at standby mode cancellation (figure 15).
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Subactive Mode: The OS¢ and OSG oscillator stops and the MCU operates with a clock generated |
the X1 and X2 oscillator. In this mode, functions except the A/D conversion operate. However, bec
the operating clock is slow, the power dissipation becomes low, next to watch mode.

The CPU instruction execution speed can be selected ags2dr122us by setting bit 2 (SSR2) of the
system clock select register (SSR: $029). Note that the SSR2 value must be changed in active mode
value is changed in subactive mode, the MCU may malfunction.

When the STOP or SBY instruction is executed in subactive mode, the MCU enters either watch or &
mode, depending on the statuses of the low speed on flag (LSON: $020, bit 0) and the direct trans
flag (DTON: $020, bit 3).

Subactive mode is an optional function that the user must specify on the function option list.

Interrupt Frame: In watch and subactive modeg,  is applied to timer A and th&NT, circuit.
Prescaler W and timer A operate as the time-base and generate the timing clock for the interrupt fi
Three interrupt frame lengths (T) can be selected by setting the miscellaneous register (MIS: $00C) (
18).

In watch and subactive modes, the timefNV, interrupt is generated synchronously with the interrup
frame. The interrupt request is generated synchronously with the interrupt strobe timing except d
transition to active mode. The falling edge of IN&, signal is input asynchronously with the interrupt
frame timing, but it is regarded as input synchronously with the second interrupt strobe clock afte
falling edge. An overflow and interrupt request in timer A is generated synchronously with the inter
strobe timing.
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Oscillation
stabilization period

Active mode Watch mode ‘ Active mode

>

Y
A

Interrupt strobe

NT,

Interrupt request
generation

(During the transition
from watch mode to
active mode only)

T.  Interrupt frame period
trc : Oscillation stabilization period

Note: If the time from the fall of the INT, signal until the interrrupt is accepted
and active mode is entered is designated Tx, then Tx will be in the
following range:

T+tre STy < 2T + tre

Figure 17 Interrupt Frame
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Direct Transition from Subactive Mode to Active Mode: Available by controlling the direct transfer on
flag (DTON: $020, bit 3) and the low speed on flag (LSON: $020, bit 0). The procedures are descr

below:

* SetLSON to 0 and DTON to 1 in subactive mode.

» Execute the STOP or SBY instruction.

* The MCU automatically enters active mode from subactive mode after waiting for the MCU internal
processing time and oscillation stabilization time (figure 19).

Notes: 1. The DTON flag can be set only in subactive mode. It is always reset in active mode.
2. The transition time () from subactive mode to active mode:
tRC < TD <T+ EC

Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
Initial value ‘ 0 0 ‘ 0 0
Read/Write w w w W
Bit name MIS3 MIS2 MIS1 MISO
MIS3 MIS2 MIS1 MISO T"1 tre 1 Oscillation circuit conditions
Buffer control. 0 0 0.24414 ms 0.12207 ms  External clock input
Refer to figure 41. m
0 1 15.625 ms 7.8125ms Ceramic oscillator
1 0 62.5 ms 31.25ms Crystal oscillator
1 1 Not used  Not used —

Notes: 1. Values of T and tgc When a 32.768-kHz crystal oscillator is used to pins x1 and x2.
2. The value is applied only when direct transfer operation is used.

Figure 18 Miscellaneous Register (MIS)

STOP/SBY instruction execution Oscillation

i MCU internal stabilization
Subactive mode A processing time ‘ time L Active mode
(SetLSON =0, DTON=1) | A

Interrupt strobe ; : 1

Direct transfer ! ; T
completion timing 1 ! ‘ ‘

T: Interrupt frame length
tgrc: Oscillation stabilization period

Tp : Direct transition time

Figure 19 Direct Transition Timing
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Stop Mode Cancellation bySTOPC : The MCU enters active mode from stop mode by inputtin
STOPC as well as by RESET. In either case, the MCU starts instruction execution from the star
address (address 0) of the program. However, the value of the RAM enable flag (RAME: $021, k
differs between cancellation IfOPC and by RESET. When stop mode is cancelled by RESET, RAM
= 0; when cancelled b§TOPC, RAME = 1. RESET can cancel all modes, STOPC is valid only in
stop modeSTOPC input is ignored in other modes. Therefore, when the program requires to confirm
stop mode has been cancelledSBOPC (for example, when the RAM contents before entering stop moo
is used after transition to active mode), execute the TEST instruction to the RAM enable flag (RAME
the beginning of the program.

MCU Operation Sequence: The MCU operates in the sequence shown in figures 20 to 22. It is reset
an asynchronous RESET input, regardless of its status.

The low-power mode operation sequence is shown in figure 22. With the IE flag cleared and an inte
flag set together with its interrupt mask cleared, if a STOP/SBY instruction is executed, the instructi
cancelled (regarded as an NOP) and the following instruction is executed. Before executing a STOF
instruction, make sure all interrupt flags are cleared or all interrupts are masked.

< Power on )

1

No
RESET =17
Yes
RAME =0 5 MCU
' operation '
; cycle
y r &
Reset MCU

Figure 20 MCU Operating Sequence (Power On)
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MCU operation
cycle

| Low-power mode
1 operation cycle
1

IF=1?

Instruction Yes
execution
IE « 0
Yes ~~ SBY/STOP Stack ~ (PC),
instruction? (CA),
(ST)
No
PC — Next PC ~ Vector
location address

Interrupt request flag
Interrupt mask
Interrupt enable flag
. Program counter

40
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STOP/SBY
instruction

No

Standby/watch Stop mode
mode

IF=1and No
Interrupt IM =0?
service routine Yes

Yes
Hardware_ NOP Hardware_ NOP RAME =1

execution execution
PC — (PC)+1 PC - (PC)+1 Reset MCU

Instruction

execution

MCU operation
cycle

Note: * Refer to figure 15, Flowchart for Exiting Low Power Modes,
for IF and IM operation.

Figure 22 MCU Operating Sequence (Low-Power Mode Operation)
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Notes: 1. When watch or subactive mode on HD404629R Series/HD4074629 is used and the L
function is off in that mode, the watch mode or subactive mode current is larger, ¢

consequently the following settings should be made.

Perform the following writes in the order shown before the transition to watch mode (bef

execution of the STOP instruction):
Write $0 to LCR
Write $3 to LMR

Also, when returning to active mode from watch mode or subactive mode, perform

following writes in the order shown:

Write a value appropriate to the conditions of use to LMR
Write a value appropriate to the conditions of use to LCR

A sample programming flowchart for the above procedures is shown in figure 23.

: Set
LMR } appropriate
LCR values for

: active mode

Initialization routine

‘

LCR.: $0 Include these
LMR = $3 operations

Main routine

STOP instruction

Or transition to
subactive mode

INTq or timer A
interrupt processing
routine

\
Watch mode [
v
After the MCU enters active mode again
: Set
LMR appropriate
LCR values for
: active mode

Figure 23 Programming Flowchart (LCD Display Off in Watch or Subactive Mode)
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Notes: 2. When the MCU is in watch mode or subactive mode, if the high level period before the fal
edge ofINT, is shorter than the interrupt framiNT, is not detected. Also, if the low level
period after the falling edge B¥T, is shorter than the interrupt franidT, is not detected.

Edge detection is shown in figure 24. The level of ItN&, signal is sampled by a sampling
clock. When this sampled value changes to low from high, a falling edge is detected.

In figure 25, the level of thiNT, signal is sampled by an interrupt frame. In (a) the sample
value is low at point A, and also low at point B. Therefore, a falling edge is not detected.
(b), the sampled value is high at point A, and also high at point B. A falling edge is not dete
in this case either.

When the MCU is in watch mode or subactive mode, keep the high level and low level perio
INT, longer than interrupt frame.

INT,

Sampling T

High Low Low

Figure 24 Edge Detection

WO WO 3 i
Interrupt T T Interrupt T T

frame frame . .
A: Low B: Low A: High B: High

(a) High level period (b) Low level period

Figure 25 Sampling Example
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Internal Oscillator Circuit

A block diagram of the clock generation circuit is shown in figure 26. As shown in table 22, a cera
oscillator can be connected to OSEhd OSG, and a 32.768-kHz oscillator can be connected to X1 an
X2. The system oscillator can also be operated by an external clock. Bit 0 and 1 (SSR1) of the s
clock select register (SSR: $029) must be set according to the frequency of the oscillator connect

OSG and OSg¢(figure

Note: If the system clock select register (SSR: $029) setting does not match the oscillator frequ

27).

DTMF generator and subsystems using the 32.768-kHz oscillation will malfunction.

0SC, @ System
clock
ose. (B)1

X1 @ Sub-
system
X2 @ oscillator

Note: * 1/8 or 1/4 division ratio can be selected by setting bit 2 of the system
clock select register (SSR: $029).

LSON
\
fosc| 174 |foe | Timing Bepu CPU with ROM,
divisi ; RAM, registers,
Ivision generation fl
; con | teye o ags, and I/O
oscillator circuit circuit System
clock
selection internal
cireult | gper Peripheral
module
interrupts
fx i (other than timer A)
1/8 or 1/4 Timing
division |tsubcyc |generator
clock circuit circuit
TMAS bit
\
Clock
%Time—base
clock |Zcik Timer A
1/8 Timing selection interrupt
division | fy, |generation circuit
™ circuit circuit
thyc

44

Figure 26 Clock Generation Circuit
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System clock select register (SSR: $029)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W w W
Bit name SSR3 SSR2 SSR1 SSRO
SSR3 32-kHz oscillation stop SSR1 SSR0O  System clock selection
0 Oscillation operates in stop mode 0 0 400 kHz
1 Oscillation stops in stop mode 0 1 800 kHz
1 0 2 MHz
32-kHz oscillation division
SSR2 ratio selection 1 1 4 MHz
0 fsus = fx/8
1 fsus = fx/4

Note: SSR3is cleared only by a RESET input. SSR3 will not be cleared by a STOPC input during
stop mode, and will retain its value.
SSR3 will also not be cleared upon entering stop mode.

Figure 27 System Clock Select Register (SSR)

Do :I
G\ | | ] -
e [ b1
1
X1 . —= |
Reset | 9
0SC, - 1 |
e
0sC, ] i
Test [ 2
GND
AVss :I

Figure 28 Typical Layouts of Crystal and Ceramic Oscillator

RENESAS 45



HD404629R Series

Table 22 Oscillator Circuit Examples

Circuit Configuration Circuit Constants
External clock —
operation External
P oscillator 0S¢,
Open 0SsC,
Ceramic oscillator c Ceramic oscillator: CSB400P22 (Murata)
1
CSB400P (Murata)
0SCq, OSC [ |
(05C1 2 Coramic 0sc Rf = 1 MQ + 20%
oscillator T Rffg Cl=C2=220 pF + 5%
|| 0sc, Ceramic oscillator: CSB800J122 (Murata),
7 G CSB800J (Murata)
GND Rf =1 MQ + 20%
C1=C2 =220 pF £ 5%
Ceramic oscillator: CSA2.00MG (Murata)
Rf=1 MQ + 20%
C1=C2 =30 pF = 20%
Ceramic oscillator: CSA4.00MG (Murata)
Rf=1 MQ = 20%
C1=Co =30 pF £ 20%
Crystal oscillator Cy ¥ Rf=1 MQ = 20%

(OSC1, OSC,) 0SCy C1 =Co = 10to 22pF + 20%

Crystal
oscillator
0SC; Crystal : Equivalent circuit at left
Cz  E— Co =7pF max
GND RS =100Q max
f = 400kHz, 800kHz, 2MHz, 4AMHz
00 W
osc;=——+ L Cs Rs ¢—»0sC,
||
Co
Crystal oscillator Cy — Crystal oscillator: 32.768 kHz: MX38T

}—r X1 Nippon Denpa
(X1, X2) Crystal (Nipp P2)

stal = C,=C, =20 pF + 20%
osciiato Rs 14 kQ

X2 C, 1.5pF
(o I

GND

L Cs Rg

00— W

X1 -—19 — X2

[
|1
Co
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Notes: 1. Circuit constants differ by the different types of crystal oscillators, ceramic oscillators, and with
the stray capacitance of the board, so consult the manufacturer of the oscillator to determine the
circuit parameters.

2. The wiring between the OSC,, OSC, (X1 and X2 pins), and the other elements should be as
short as possible, and must not cross other wiring. Refer to figure 28.

3. If not using a 32.768-kHz crystal oscillator, fix the X1 pin to V.. and leave the X2 pin open.

Input/Output

The MCU has 42 input/output pins {ED,, RQ~R7,) and 2 input pins (B, D;;). The features are
described below.

e Ten pins (B-D,) are high-current input/output pins.

* The Dyand O, and R@-R7; input/output pins are multiplexed with peripheral function pins such as
for the timers or serial interface. For these pins, the peripheral function setting is done prior to the I
R port setting. Therefore, when a peripheral function is selected for a pin, the pin function and
input/output selection are automatically switched according to the setting.

« Input or output selection for input/output pins and port or peripheral function selection for multiplexe
pins are set by software.

» Peripheral function output pins are CMOS output pins. Only thE&SR2pin can be set to NMOS open-
drain output by software.

< In stop mode, the MCU is reset, and therefore peripheral function selection is cancelled. Input/outy
pins are in high-impedance state.

» Each input/output pin has a built-in pull-up MOS, which can be individually turned on or off by
software.

I/O buffer configuration is shown in figure 29, programmable 1/O circuits are listed in table 23, and 1/0
circuit types are shown in table 24.

Table 23 Programmable I/O Circuits

MIS3 (bit 3 of MIS) 0 1
DCD, DCR 0 1 0 1
PDR 0 1 0 1 0 1 0 1
CMOS buffer PMOS — — — On — — — On

NMOS — — On — — — On —
Pull-up MOS — — — — — On — On
Note: — indicates off status.
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o<} HLT
Pull-up control signal

MIS3

VCC

Vee
Pull-up
MOS

O

Input data

Output data
PDR

Input control signal

Buffer control signal
I DCD, DCR

Figure 29 /O Buffer Configuration

Table 24 Circuit Configurations of 1/O Pins

I/O Pin Type Circuit Pins
Input/output pins v HLT D,—-D,
cc Pull-up control signal RO —RO
é Vee B.uffeg control (mISg] RlZ—RlZ
signal
® (] C R2,R2,
0 3
|_o<j o Output data (FoR] R4,~R4,
R5,-R5,
Input data R6,-R6,
|: R7,-R7,
Input control signal
v h | : HLT R2,
cc Pull-up control signal
é cc Buffer control MIS3]
signa
oo
‘ o<] MIS2
|—O<j Output data PDR
WM’
Input control signal
DlO’ Dll

Input pins ®—r‘}M

Input control signal
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Table 24 Circuit Configurations of I/O Pins (cont)

I/0O Pin Type Circuit Pins

Peripheral Input/output v HLT SCK
i ; Pull-up control signal

;ui:(sztlon pins éCC Ve p 9 MIS3

FOCLMJ
Output data

Input data
>o SCK

Output pins HLT SO

H
Pull-up control signal
P g MIS3
0<J-1-PMOS control
o} (signal MIS2
Output data SO
HLT TOB, TOC, TOD
Pull-up control signal
P 9 MIS3
Mj Output data TOB, TOC, TOD
Input pins S— SI, INT,, INT,,
Fr<:1%(%% A INT,, INT,,
-m EVNB, EVND
Input data
u _
= S e sI, INT,, etc
@ {>o Input data INT,, STOPC INT,, STOPC

Notes: 1. The MCU is reset in stop mode, and peripheral function selection is cancelled. The HLT signal
becomes low, and input/output pins enter high-impedance state.

2. The HLT signal is 1 in watch and subactive modes.
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D Port (Dy—D,,): Consist of 10 input/output pins and 2 input pins addressed by one D, &e high-
current I/O pins, and gand O, are input-only pins.

Pins D—-Dyare set by the SED and SEDD instructions, and reset by the RED and REDD instructi
Output data is stored in the port data register (PDR) for each pin. All gy [are tested by the TD and
TDD instructions.

The on/off statuses of the output buffers are controlled by D-port data control registers (DCD0O-DC
$02C-3$02E) that are mapped to memory addresses (figure 30).

Pins D, and D, are multiplexed with peripheral function piSTOPC and INT,, respectively. The
peripheral function modes of these pins are selected by bits 2 and 3 (PMRC2, PMRC3) of port r
register C (PMRC: $025) (figure 31).

R Ports (RO—R7;): 32 input/output pins addressed in 4-bit units. Data is input to these ports by the L
and LBR instructions, and output from them by the LRA and LRB instructions. Output data is stored ir
port data register (PDR) for each pin. The on/off statuses of the output buffers of the R ports are cont
by R-port data control registers (DCRO-DCR7: $030-$037) that are mapped to memory addresses (
30).

Pins RG-R0, are multiplexed with peripheral pidi&NT,—INT,, respectively. The peripheral function
modes of these pins are selected by bits 0-3 (PMRB0-PMRB3) of port mode register B (PMRB: $
(figure 32).

Pins R1-R1, are multiplexed with peripheral pins TOB, TOC, and TOD, respectively. The periphel
function modes of these pins are selected by bits 0 and 1 (TMB20, TMB21) of timer mode registe
(TMB2: $013), bits 0-2 (TMC20-TMC22) of timer mode register C2 (TMC2: $014), and bits 0
(TMD20-TMD23) of timer mode register D2 (TMD2: $015) (figures 33, 34, and 35).

Pins R} and Rg are multiplexed with peripheral pif&VNB and EVND, respectively. The peripheral
function modes of these pins are selected by bits 0 and 1 (PMRCO0, PMRC1) of port mode regis
(PMRC: $025) (figure 31).

Pins R2-R2, are multiplexed with peripheral piS€K, Sl, and SO, respectively. The peripheral function
modes of these pins are selected by bit 3 (SMRAS3) of serial mode register A (SMRA: $005), and bits (
1 (PMRAO, PMRAL1) of port mode register A (PMRA: $004), as shown in figures 36 and 37.

Ports R3 and R4 are multiplexed with segment pins SEG1-SEGS, respectively. The function mod
these pins can be selected by individual pins, by setting LCD output registers 1 and 2 (LOR1, LOR2: ¢
$01F) (figures 38 and 39).

Ports R5—-R7 are multiplexed with segment pins SEG9-SEG20, respectively. The function modes of
pins can be selected in 4-pin units by setting LCD output register 3 (LOR3: $01F) (figure 40).
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Correspondence between ports and DCD/DCR bits

Data control register (DCDO to 2: $02C to $02E)
(DCRO to 7: $030 to $037)

DCDO, DCD1
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name DCDO03, DCD02, DCD01, DCDOQO,
DCD13 DCD12 DCD11 DCD10
DCD2
Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘
Read/Write — — w W
Bit name Not used Notused DCD21 DCD20

DCRO to DCR7

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name DCR03- DCR02- DCR01- DCRO0O-

DCR73 DCR72 DCR71 DCR70

All Bits CMOS Buffer On/Off Selection

0 Off (high-impedance)

1 On

Register Name Bit 3 Bit 2 Bit 1 Bit 0
DCDO D, D, D, D,
DCD1 D, D, D, D,
DCD2 — — D, D,
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R1, R1,
DCR2 R2, R2, R2, R2,
DCR3 R3, R3, R3, R3,
DCR4 R4, R4, R4, R4,
DCR5 R5, R5, R5, R5,
DCR6 R6, R6, R6, R6,
DCR? R7, R7, R7, R7,

Figure 30 Data Control Registers (DCD, DCR)
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Port mode register C (PMRC: $025)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name PMRC3 PMRC2* PMRC1 PMRCO
PMRC3  D11/INTg mode selection PMRCO R13/EVNB mode selection
0 D11 0 R13
1 INTo 1 EVNB
PMRC2  D;0/STOPC mode selection PMRC1  R2¢/EVND mode selection
0 Dio 0 R2¢
1 STOPC 1 EVND

Note: * PMRC2 is reset to 0 only by RESET input. When STOPC is input in stop
mode, PMRC2 is not reset but retains its value.

Figure 31 Port Mode Register C (PMRC)

Port mode register B (PMRB: $024)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W W W
Bit name PMRB3 PMRB2 PMRB1 PMRBO
PMRB3  RO0s3/INT4 mode selection PMRB0O  ROg/INT; mode selection
0 RO3 0 RO
1 INT,4 1 INT,
PMRB2 R0,/INT3 mode selection PMRB1 R041/INT> mode selection
0 RO> 0 RO1
1 INT3 1 INT>

Figure 32 Port Mode Register B (PMRB)
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Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘
Read/Write — — R/W R/W
Bit name Not used Notused TMB21 TMB20

TMB21 TMB20 R1o/TOB mode selection

0 0 R1g R1g port

1 TOB Toggle output
1 0 TOB 0 output

1 TOB 1 output

Figure 33 Timer Mode Register B2 (TMB2)

Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — R/W R/W R/W
Bit name Notused TMC22 TMC21 TMC20

TMC22 TMC21 TMC20 R1,/TOC mode selection

0 0 0 R14 R1; port
1 TOC Toggle output
1 0 TOC 0 output
1 TOC 1 output
1 0 0 — Not Used
1
1 0
1 TOC PWM output

Figure 34 Timer Mode Register C2 (TMC2)
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Timer mode register D2 (TMD2: $015)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W
Bit name TMD23 TMD22 TMD21 TMD20

TMD23 TMD22 TMD21 TMD20 R1,/TOD mode selection

0 0 0 0 R1, R1, port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 — Not used
1
1 0
1 TOD PWM output
1 O O O R1; Input capture (R1; port)

0 : Don'’t care

Figure 35 Timer Mode Register D2 (TMD2)

Serial mode register A (SMRA: $005)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w W
Bit name SMRA3 SMRA2 SMRA1l SMRAO
R2/SCK - fison”
SMRA3  mode selection SMRA2 SMRA1 SMRAO SCK Clocksource g
0 R2; 0 0 0 Output  Prescaler +2048
1 SCK 1 Output  Prescaler +512
1 0 Output  Prescaler +128
1 Output  Prescaler +32
1 0 0 Output  Prescaler +8
1 Output  Prescaler +2
1 0 Output Systemclock —
1 Input External clock —

Figure 36 Serial Mode Register A (SMRA)
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Port mode register A (PMRA: $004)

Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘
Read/Write — — W w
Bit name Not used Notused PMRA1 PMRAO
PMRAL R2,/SI mode selection PMRAO R23/SO mode selection
0 R2; 0 R23
1 Sl 1 SO

Figure 37 Port Mode Register A (PMRA)

LCD output register 1 (LOR1: $01D)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w W

Bit name LOR13 LOR12 LOR11 LORI10

LOR13 R33/SEG4 mode selection LOR11 R31/SEG2 mode selection
0 R33 0 R3;
1 SEG4 i SEG2

LOR12 R3,/SEG3 mode selection LOR10 R3p/SEG1 mode selection

0 R3, 0 R3o

1 SEG3 1 SEG1

Figure 38 LCD Output Register 1 (LOR1)
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LCD output register 2 (LOR2: $01E)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w W w

Bit name LOR23 LOR22 LOR21 LOR20

LOR23 RA43/SEG8 mode selection LOR21 RA4,/SEG6 mode selection
0 R43 0 R4,
1 SEG8 1 SEG6

LOR22 R4,/SEG7 mode selection LOR20 R4y/SEG5 mode selection
0 R4, 0 R4
1 SEG7 1 SEG5

Figure 39 LCD Output Register 2 (LOR2)

LCD output register 3 (LOR3: $01F)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 0
Read/Write — w w w
Bit name Notused LOR32 LOR31 LOR30

LOR32 R7y/SEG17-R73/SEG20 mode selection LOR31 R6p/SEG13-R635/SEG16 mode selection
0 R7,to R75 0 R6, to R63
1 SEG17-SEG20 1 SEG13-SEG16
LOR30 R5y/SEG9-R55/SEG12 mode selection
0 R5p to R55
1 SEG9-SEG12

Figure 40 LCD Output Register 3 (LOR3)
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Pull-Up MOS Transistor Control: A program-controlled pull-up MOS transistor is provided for eact
input/output pin other than input-only pinsoand 0,. The on/off status of all these transistors is
controlled by bit 3 (MIS3) of the miscellaneous register (MIS: $00C), and the on/off status of an indivic
transistor can also be controlled by the port data register (PDR) of the corresponding pin—enabling ¢
control of that pin alone (table 23 and figure 41).

The on/off status of each transistor and the peripheral function mode of each pin can be set independe

How to Deal with Unused 1/O Pins: I/O pins that are not needed by the user system (floating) must |
connected to ¥ to prevent LS| malfunctions due to noise. These pins must either be pulled gpkyp V
their pull-up MOS transistors or by resistors of about 1Q0 k

Miscellaneous register (MIS: $00C)
Bit 3 2 1 0
Initial value ‘ 0 0 ‘ 0 0
Read/Write w w w w
Bit name MIS3 MIS2 MIS1 MISO
CMOS buffer
Pull-up MOS on/off selection
MIS3 on/off selection MIS2 for pin R2 3/SO MIS1 MISO
0 Off 0 On trc selection.
Refer to figure 18 in the
1 On 1 Off operation modes section.

Figure 41 Miscellaneous Register (MIS)
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Prescalers
The MCU has the following two prescalers, S and W.

The prescalers operating conditions are listed in table 25, and the prescalers output supply is shc
figure 42. The timers A-D input clocks except external events, the serial transmit clock except the ext
clock, and the LCD circuit operating clock are selected from the prescaler outputs, dependin
corresponding mode registers.

Prescaler Operation

Prescaler S: 11-bit counter that inputs the system clock signal. After being reset to $000 by MCU re
prescaler S divides the system clock. Prescaler S keeps counting, except in watch and subactive moc
at MCU reset.

Prescaler W: Five-bit counter that inputs the X1 input clock signal (32-kHz crystal oscillation) divided |
eight. After being reset to $00 by MCU reset, prescaler W divides the input clock. Prescaler W ce
reset by software.

Table 25 Prescaler Operating Conditions

Prescaler Input Clock Reset Conditions Stop Conditions
Prescaler S System clock (in active and standby mode), MCU reset MCU reset,
Subsystem clock (in subactive mode) stop mode,
watch mode
Prescaler W 32-kHz crystal oscillation MCU reset, MCU reset,
software stop mode
g LCD
Subsystem _
clock - Prescaler W Timer A
— Timer B
— Timer C
System ~ ™| Clock _ _
clock »| selector Prescaler S Timer D
— Serial

Figure 42 Prescaler Output Supply
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Timers

The MCU has four timer/counters (A to D).

e Timer A: Free-running timer
e Timer B: Multifunction timer
e Timer C: Multifunction timer
e Timer D: Multifunction timer

Timer A is an 8-bit free-running timer. Timers B-D are 8-bit multifunction timers, whose functions :
listed in table 26. The operating modes are selected by software.

Table 26 Timer Functions

Functions Timer A Timer B Timer C Timer D
Clock Prescaler S Available Available Available Available
source Prescaler W Available — — —
External event — Available — Available
Timer Free-running Available Available Available Available
functions Time-base Available — — —
Event counter — Available — Available
Reload — Available Available Available
Watchdog — — Available —
Input capture — — — Available
Timer Toggle — Available Available Available
outputs 0 output — Available Available Available
1 output — Available Available Available
PWM — — Available Available
Note: — implies not available.
Timer A

Timer A Functions: Timer A has the following functions.

* Free-running timer
* Clock time-base

The block diagram of timer A is shown in figure 43.

RENESAS 5o



HD404629R Series

32.768-kHz f Prescaler W Timer A interrupt
Cillatc W request fla
oscillator4| Y4 |-y 112 ltw—’ (PSW) q(LIJFTA) g
cyc
21w ikl
1/2 tWeye Fvey

»| 5|Clock| Timer 4
S | counter A — 2
© (TCA) |Overflow | S
> N ©
e}
T g
£
Selector \-s %
i WERNN £
<t| 00
O N|N|
NN H OO
N[00 M| || N
SyStem gPER B 1 P I P Y P T B Y B A \
clock —’| Prescaler S (PSS) | 3 ]
Timer mode| ——|
<> Databus registerA N\ |
(TMA)

—» Clock line

——— Signal line

Figure 43 Block Diagram of Timer A

Timer A Operations:

Free-running timer operation: The input clock for timer A is selected by timer mode register A (TM/
$008).

Timer A is reset to $00 by MCU reset and

incremented at each input clock. If an input clock is applied to timer A after it has reached

$FF, an overflow is generated, and timer A is reset to $00. The overflow sets the timer A interrupt
request flag (IFTA: $001, bit 2). Timer A continues to be incremented after reset to $00, and theref
it generates regular interrupts every 256 clocks.

Clock time-base operation: Timer A is used as a clock time-base by setting bit 3 (TMA3) of timer
mode register A (TMA: $008) to 1. The prescaler W output is applied to timer A, and timer A
generates interrupts at the correct timing based on the 32.768-kHz crystal oscillation. In this case,
prescaler W and timer A can be reset to $00 by software.

Registers for Timer A Operation: Timer A operating modes are set by the following registers.

60

Timer mode register A (TMA: $008): Four-bit write-only register that selects timer A’s operating mo
and input clock source as shown in figure 44.
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Timer mode register A (TMA: $008)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w W w w

Bit name TMA3 TMA2 TMAl TMAO

Source Input clock
TMA3 TMA2 TMA1 TMAO prescaler frequency Operating mode

0 0 0 0 PSS 2048ty Timer A mode
1 PSS 1024tcyc
1 0 PSS 512tcyc
1 PSS 128tcye
1 0 0 PSS 32teyc
1 PSS 8teyc
1 0 PSS Ateye
1 PSS teye
1 0 0 0 PSW 32tweye Time-base
mode
1 PSW 16tweye
1 0  PSW 8twcye
1 PSW 2tweye
1 0 0 — 1/2twieyc
1 — Not used
1 X — Reset PSW and TCA

X : Don't care

Note: 1. tweye = 244.14 ps (when a 32.768-kHz crystal oscillator is used)

2. Timer counter overflow output period (seconds) = input clock period (seconds) x 256.

3. If PSW of TCA reset is selected while the LCD is operating, LCD operation halts (power switch
goes off and all SEG and COM pins are grounded).
When an LCD is connected for display, the PSW and TCA reset periods must be set in the
program to the minimum.

4. The division ratio must not be modified during time-base mode operation, otherwise an overflow
cycle error will occur.

Figure 44 Timer Mode Register A (TMA)

Timer B
Timer B Functions: Timer B has the following functions.

* Free-running/reload timer
+ External event counter
» Timer output operation (toggle, 0, and 1 outputs)
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The block diagram of timer B is shown in figure 45.

Timer B ineterrupt

request flag
(IFTB)
Timer output
TOB@ control logic |
Timer read
- register BU
EVNB @ Timer read (TRBU)
register BL
(TRBL)
=2 . 4 o
+4 £<2
)] =8 . - (%h
“ o 5 Timer counter B s
A 5 — : -
System _ ®er | go 32 | 3 E (TCBL) | (TCBU)
clock gv +128 & S
512 g 4 4
+2048 2
[=2
£ Timer counter B
c H
E (TWBL) | (TWBU)
3 ¢ *
[}
i
Timer mode
register B1
(TMB1)

Internal data bus

2 L

Timer output
control

Timer mode

\ register B2

(TMB2)

<> Databus
—  Clock line

= Signal line

Figure 45 Block Diagram of Timer B
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Timer B Operations:

Free-running/reload timer operation: The free-running/reload operation, input clock source, and
prescaler division ratio are selected by timer mode register B1 (TMB1: $009).

Timer B is initialized to the value set in timer write register B (TWBL: $00A, TWBU: $00B) by
software and incremented by one at each clock input. If an input clock is applied to timer B after it |
reached $FF, an overflow is generated. In this case, if the reload timer function is enabled, timer B
initialized to its initial value set in timer write register B; if the free-running timer function is enabled,
the timer is initialized to $00 and then incremented again.

The overflow sets the timer B interrupt request flag (IFTB: $002, bit 0). IFTB is reset by software ot
MCU reset. Refer to figure 3 and table 1 for details.

External event counter operation: Timer B is used as an external event counter by selecting extern
event input as input clock source. In this case, piflHVINB must be set tEVNB by port mode

register C (PMRC: $025).

Timer B is incremented by one at each falling edge of signals input EVNB. The other operation

is basically the same as the free-running/reload timer operation.

Timer output operation: The following three output modes can be selected for timer B by setting tin
mode register B2 (TMB2: $013).

O Toggle
O O output
0 1 output

By selecting the timer output mode, pinJAOB is set to TOB. The output from TOB is reset low by
MCU reset.

O Toggle output: When toggle output mode is selected, the output level is inverted if a clock is inp
after timer B has reached $FF. By using this function and reload timer function, clock signals ce
be output at a required frequency for the buzzer. The output waveform is shown in figure 46.

O O output: When 0 output mode is selected, the output level is pulled low if a clock is input after
timer B has reached $FF. Note that this function must be used only when the output level is hig

O 1 output: When 1 output mode is selected, the output level is set high if a clock is input after tim
B has reached $FF. Note that this function must be used only when the output level is low.
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Toggle output waveform (timers B, C, and D)

Free-running timer

256 clock cycles 256 clock cycles

Reload timer

e ———
(256 — N) clock cycles (256 — N) clock cycles

PWM output waveform (timers C and D)

Tx(N+1)

.~

TMC13 =0
TMD13 =0

-
T x 256
-

TMC13=1
TMD13 =1

-~

T x (256 — N)

Note: The waveform is always fixed low when N = $FF.
T: Input clock period to counter (figures 52 and 60)
N: The value of the timer write register

64

Figure 46 Timer Output Waveform
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Registers for Timer B Operation: By using the following registers, timer B operation modes are selectt
and the timer B count is read and written.

Timer mode register B1 (TMB1: $009)

Timer mode register B2 (TMB2: $013)

Timer write register B (TWBL: $00A, TWBU: $00B)
Timer read register B (TRBL: $00A, TRBU: $00B)
Port mode register C (PMRC: $025)

Ooo0Ooood

» Timer mode register B1 (TMB1: $009):
Four-bit write-only register that selects the free-running/reload timer function, input clock source, ar
the prescaler division ratio as shown in figure 47. Itis reset to $0 by MCU reset.
Writing to this register is valid from the second instruction execution cycle after the execution of the
previous timer mode register B1 write instruction. Setting timer B’s initialization by writing to timer
write register B (TWBL: $00A, TWBU: $00B) must be done after a mode change becomes valid.

Timer mode register B1 (TMB1: $009)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name TMB13 TMB12 TMB11 TMB10
Free-running/reload Input clock period and input
TMB13 timer selection TMB12 TMB11 TMB10  clock source
0 Free-running timer 0 0 0 2048teyc
1 Reload timer 1 512tcyc
1 0 128tcyc
1 32tcyc
1 0 0 8teye
1 Btoye
1 0 2teyc
1 R13/EVNB (external event input)

Figure 47 Timer Mode Register B1 (TMB1)

RENESAS -



HD404629R Series

Timer mode register B2 (TMB2: $013)
Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘ TMB21 TMB20 R1o/TOB mode selection
Read/Write — — R/W R/W 0 0 R1o R1 port
Bit name Not used Notused TMB21 TMB20 1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

Figure 48 Timer Mode Register B2 (TMB2)

Timer mode register B2 (TMB2: $013): Two-bit read/write register that selects the timer B output
mode as shown in figure 48. Itis reset to $0 by MCU reset.

Timer write register B (TWBL: $00A, TWBU: $00B): Write-only register consisting of the lower digit
(TWBL) and the upper digit (TWBU) as shown in figures 49 and 50. The lower digit is reset to $0 b
MCU reset, but the upper digit value is invalid.

Timer B is initialized by writing to timer write register B. In this case, the lower digit (TWBL) must b
written to first, but writing only to the lower digit does not change the timer B value. Timer B is
initialized to the value in timer write register B at the same time the upper digit (TWBU) is written to.
When timer write register B is written to again and if the lower digit value needs no change, writing
only to the upper digit initializes timer B.

Timer write register B (lower digit) (TWBL: $00A)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w W

Bit name TWBL3 TWwWBL2 TwWBL1 TWBLO

Figure 49 Timer Write Register B Lower Digit (TWBL)

Timer write register B (upper digit) (TWBU: $00B)

Bit 3 2 1 0
Initial value ‘Undeﬁned ‘ Undefined‘ Undefined ‘ Undefined ‘
Read/Write w w w w

Bit name TWBU3 TwBU2 TwBU1l TWBUO

66

Figure 50 Timer Write Register B Upper Digit (TWBU)

Timer read register B (TRBL: $00A, TRBU: $00B): Read-only register consisting of the lower digit
(TRBL) and the upper digit (TRBU) that holds the count of the timer B upper digit (figures 51 and 52
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The upper digit (TRBU) must be read first. At this time, the count of the timer B upper digit is
obtained, and the count of the timer B lower digit is latched to the lower digit (TRBL). After this, by
reading TRBL, the count of timer B when TRBU is read can be obtained.

Timer read register B (lower digit) (TRBL: $00A)

Bit 3 2 1 0
Initial value ‘Undeﬁned ‘ Undefined‘ Undefined ‘ Undefined ‘
Read/Write R R R R

Bit name TRBL3 TRBL2 TRBL1 TRBLO

Figure 51 Timer Read Register B Lower Digit (TRBL)

Timer read register B (upper digit) (TRBU: $00B)

Bit 3 2 1 0
Initial value ‘Undefined ‘ Undefined‘ Undefined‘ Undefined‘
Read/Write R R R R

Bit name TRBU3 TRBU2 TRBU1l TRBUO

Figure 52 Timer Read Register B Upper Digit (TRBU)

Port mode register C (PMRC: $025): Write-only register that selegtBYRIB pin function as shown
in figure 53. ltis reset to $0 by MCU reset.

Port mode register C (PMRC: $025)

Bit 3 2 1 0
Initial value ‘ 0 0 ‘ 0 ‘ 0 ‘
Read/Write w W W w

Bit name PMRC3 PMRC2 PMRC1 PMRCO

PMRC3 D11/INTy mode selection PMRC1 R2o/EVND mode selection
0 D11 0 R2q
1 INTo 1 EVND

PMRC2  D;1o/STOPC mode selection PMRCO R13/EVNB mode selection
0 D1g 0 R13
1 STOPC 1 EVNB

RENESAS

Figure 53 Port Mode Register C (PMRC)
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Timer C

Timer C Functions: Timer C has the following functions.

* Free-running/reload timer

e Watchdog timer

« Timer output operation (toggle, 0, 1, and PWM outputs)

The block diagram of timer C is shown in figure 54.

System reset signal

Watchdog on ~ TimerC
fla interrupt request
WD(%N Watchdog timer flag
( ) control logic (IFTC)
TOC ] t
@€ Timer output
control logic
‘ Timer read
System 2 PER register CU
clock Timer read (TRCU)
register CL
Y (TRCL)
+2
+4 : 4
+8 -
- Timer counter C
Prescalers| ~32 > :
(PSS) |:128 |Selector — (P (Tccu)
- ]
+512 = . .
- o
+1024 ;
: 2048= 3
- - ° Timer write register C
g (TwcL) (Twcu)
c
3 c
2
@
o
Timer mode | L
register C1
(TMC1)
3
Timer output
control Timer mode
i 2
<> Databus reg:;gzc):
—» Clock line

= Signal line

Internal data bus

Figure 54 Block Diagram of Timer C
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Timer C Operations:

Free-running/reload timer operation: The free-running/reload operation, input clock source, and
prescaler division ratio are selected by timer mode register C1 (TMC1: $00D).

Timer C is initialized to the value set in timer write register C (TWCL: $00E, TWCU: $00F) by
software and incremented by one at each clock input. If an input clock is applied to timer C after it |
reached $FF, an overflow is generated. In this case, if the reload timer function is enabled, timer C
initialized to its initial value set in timer write register C; if the free-running timer function is enabled,
the timer is initialized to $00 and then incremented again.

The overflow sets the timer C interrupt request flag (IFTC: $002, bit 2). IFTC is reset by software o
MCU reset. Refer to figure 3 and table 1 for details.

Watchdog timer operation: Timer C is used as a watchdog timer for detecting out-of-control progra
routines by setting the watchdog on flag (WDON: $020, bit 1) to 1. If a program routine runs out of
control and an overflow is generated, the MCU is reset. Program run can be controlled by initializin
timer C by software before it reaches $FF.

Timer output operation: The following four output modes can be selected for timer C by setting tim
mode register C2 (TMC2: $014).

O Toggle
00 O output
0O 1 output
0 PWM output

By selecting the timer output mode, pin,RIOC is set to TOC. The output from TOC is reset low by
MCU reset.

Toggle output: The operation is basically the same as that of timer-B’s toggle output.
0 output: The operation is basically the same as that of timer-B’s 0 output.
1 output: The operation is basically the same as that of timer-B’s 1 output.

PWM output: When PWM output mode is selected, timer C provides the variable-duty pulse out
function. The output waveform differs depending on the contents of timer mode register C1
(TMC1: $00D) and timer write register C (TWCL: $00E, TWCU: $00F). The output waveform is
shown in figure 46.

I I B |
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Registers for Timer C Operation: By using the following registers, timer C operation modes are select
and the timer C count is read and written.

O Timer mode register C1 (TMC1: $00D)

O Timer mode register C2 (TMC2: $014)

O Timer write register C (TWCL: $00E, TWCU: $00F)
O Timer read register C (TRCL: $00E, TRCU: $00F)

Timer mode register C1 (TMCL1: $00D): Four-bit write-only register that selects the free-running/rel
timer function, input clock source, and the prescaler division ratio as shown in

figure 55. Itis reset to $0 by MCU reset.

Writing to this register is valid from the second instruction execution cycle after the execution of the
previous timer mode register C1 write instruction. Setting timer C’s initialization by writing to timer
write register C (TWCL: $00E, TWCU: $00F) must be done after a mode change becomes valid.

Timer mode register C1 (TMC1: $00D)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w

Bit name TMC13 TMC12 TMC11l TMC10

TMC13  Free-running/reload timer selection TMC12 TMC11 TMC10 Input clock period

0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 1024tcyc
1 0 512tcyc
1 128teyc
1 0 0 32tcyc
1 8tcyc
1 0 eye
1 2teye

70

Figure 55 Timer Mode Register C1 (TMC1)

Timer mode register C2 (TMC2: $014): Three-bit read/write register that selects the timer C output
mode as shown in figure 56. It is reset to $0 by MCU reset.

Timer write register C (TWCL: $00E, TWCU: $00F): Write-only register consisting of the lower digif
(TWCL) and the upper digit (TWCU). The operation of timer write register C is basically the same ¢
that of timer write register B (TWBL: $00A, TWBU: $00B).

Timer read register C (TRCL: $00E, TRCU: $00F): Read-only register consisting of the lower digit
(TRCL) and the upper digit (TRCU) that holds the count of the timer C upper digit. The operation o
timer read register C is basically the same as that of timer read register B (TRBL: $00A, TRBU: $0C
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Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — R/W R/W R/W
Bit name Notused TMC22 TMC21 TMC20

TMC22 TMC21 TMC20 R14/TOC mode selection

0 0 0 R1; R11 port
1 TOC Toggle output
1 0 TOC 0 output
1 TOC 1 output
1 0 0 — Not used
1
1 0
1 TOC  PWM output

Figure 56 Timer Mode Register C2 (TMC2)

Timer write register C (lower digit) (TWCL: $00E)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W w W

Bit name TWCL3 TWCL2 TWCL1 TWCLO

Figure 57 Timer Write Register C Lower Digit (TWCL)

Timer write register C (upper digit) (TWCU: $00F)

Bit 3 2 1 0
Initial value ‘ Undefined ‘ Undeﬁned‘ Undefined ‘ Undefined ‘
Read/Write w W W w

Bit name TWCU3 TwCU2 TwCUl TWwWCUO

Figure 58 Timer Write Register C Upper Digit (TWCU)
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Timer read register C (lower digit) (TRCL: $00E)

Bit 3 2 1 0
Initial value ‘Undefined ‘ Undefined‘ Undefined ‘ Undefined ‘
Read/Write R R R R

Bit name TRCL3 TRCL2 TRCL1 TRCLO

Figure 59 Timer Read Register C Lower Digit (TRCL)

Timer read register C (upper digit) (TRCU: $00F)

Bit 3 2 1 0
Initial value ‘Undeﬁned ‘ Undeﬁned‘ Undefined‘ Undefined‘
Read/Write R R R R

Bit name TRCU3 TRCU2 TRCU1l TRCUO

72

Figure 60 Timer Read Register C Upper Digit (TRCU)
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Timer D

Timer D Functions: Timer D has the following functions.

Free-running/reload timer

External event counter

Timer output operation (toggle, 0, 1, and PWM outputs)
Input capture timer

The block diagram for each operation mode of timer D is shown in figures 61 and 62.

Timer D Operations:

Free-running/reload timer operation: The free-running/reload operation, input clock source, and
prescaler division ratio are selected by timer mode register D1 (TMD1: $010).

Timer D is initialized to the value set in timer write register D (TWDL: $011, TWDU: $012) by
software and incremented by one at each clock input. If an input clock is applied to timer D after it |
reached $FF, an overflow is generated. In this case, if the reload timer function is enabled, timer D
initialized to its initial value set in timer write register D; if the free-running timer function is enabled,
the timer is initialized to $00 and then incremented again.

The overflow sets the timer D interrupt request flag (IFTD: $003, bit 0). IFTD is reset by software ¢
MCU reset. Refer to figure 3 and table 1 for details.

External event counter operation: Timer D is used as an external event counter by selecting the
external event input as an input clock source. In this case, piB\RID must be set to EVND by port
mode register C (PMRC: $025).

Either falling or rising edge, or both falling and rising edges of input signals can be selected as the
external event detection edge by detection edge select register 2 (ESR2: $027). When both rising
falling edges detection is selected, the time between the falling edge and rising edge of input signal
must be 2, or longer.

Timer D is incremented by one at each detection edge selected by detection edge select register 2
(ESR2: $027). The other operation is basically the same as the free-running/reload timer operation

Timer output operation: The following four output modes can be selected for timer D by setting time
mode register D2 (TMD2: $015).

O Toggle
O O output
O 1 output
0 PWM output

By selecting the timer output mode, pin,RIOD is set to TOD. The output from TOD is reset low by
MCU reset.

O Toggle output: The operation is basically the same as that of timer-B’s toggle output.
O O output: The operation is basically the same as that of timer-B’s 0 output.
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O 1 output: The operation is basically the same as that of timer-B’s 1 output.
0O PWM output: The operation is basically the same as that of timer-C's PWM output.

Input capture timer operation: The input capture timer counts the clock cycles between trigger edge
input to pin EVND.

Either falling or rising edge, or both falling and rising edges of input signals can be selected as the
trigger input edge by detection edge select register 2 (ESR2: $027).

When a trigger edge is input to EVND, the count of timer D is written to timer read register D (TRDL
$011, TRDU: $012), and the timer D interrupt request flag (IFTD: $003, bit 0) and the input capture
status flag (ICSF: $021, bit 0) are set. Timer D is reset to $00, and then incremented again. While
ICSF is set, if a trigger input edge is applied to timer D, or if timer D generates an overflow, the inpt
capture error flag (ICEF:; $021, bit 1) is set. ICSF and ICEF are reset to 0 by MCU reset or by writir
0.

By selecting the input capture operation, pin/ROD is set to Rand timer D is reset to $00.
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Timer D interrupt

request flag
(IFTD)
EVND -
@ Edge detection
logic
Timer read register
PER
System g
i DU (TRDU
clock Tlmer read ( )
register DL
) (TRDL)
=2 o 4
o +8 Timer counter D
e ™5 - ; =0
5 +32 - g (TCDL) (TCDU)
= . © S
& +128 - % =]
g |+s12 S 4 4
a ' > 2
+ 2048‘ =
T 2 Timer write register D
= H
5 (TWDL) (TWDU)
3 @
@
[V
Timer mode
register D1
(TMD1)
2
Edge detection O
control Edge detection
~ selection register Timer mode
2 (ESR2) register D2
<> Databus (TMD2)
——» Clock line .
. ) Timer output 2 }
= Signal line @7 control logic 3 )
TOD

Internal data bus

Figure 61 Block Diagram of Timer D (Free-Running/Reload Timer)
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Input capture Input capture Timer D interrupt
status flag error flag request flag
(ICSF) (ICEF) (IFTD)
L Error control —1
logic
EVND - i
Edge detection I
( } logi
ogie Read signal
System oPER
clock Timer read register D
‘ (TRDL) | (TRDU)
2 4 4
~ o
% »- a
) 8 | 5 ] Timer counter D L] 2
n 7 bl > ; z
5 32 % (TCDL) (TCDU) =
g +128 n ]
a »- Overflow | £
o +512 Input capture Q
o Ll i e
2048 | timer control =
3 Timer mode
register D2 >
Time mode (TMD2)
register D1
(TMD1)
2
Edge
detection < Databus
control Edge detection
\———selection register —  Clock line
2 (ESR2) =" Signal line

Figure 62 Block Diagram of Timer D (Input Capture Timer)

Registers for Timer D Operation: By using the following registers, timer D operation modes are select
and the timer D count is read and written.

O Timer mode register D1 (TMD1: $010)

O Timer mode register D2 (TMD2: $015)

O Timer write register D (TWDL: $011, TWDU: $012)
O Timer read register D (TRDL: $011, TRDU: $012)
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O Port mode register C (PMRC: $025)
0 Detection edge select register 2 (ESR2: $027)

Timer mode register D1 (TMD1: $010): Four-bit write-only register that selects the free-running/rel
timer function, input clock source, and the prescaler division ratio as shown in figure 63. Itis reset
$0 by MCU reset.

Writing to this register is valid from the second instruction execution cycle after the execution of the
previous timer mode register D1 (TMD1: $010) write instruction. Setting timer D’s initialization by
writing to timer write register D (TWDL: $011, TWDU: $012) must be done after a mode change
becomes valid.

When selecting the input capture timer operation, select the internal clock as the input clock source

Timer mode register D1 (TMD1: $010)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w W w W

Bit name TMD13 TMD12 TMD11 TMD10

Input clock period and
TMD13  Free-running/reload timer selection TMD12 TMD11 TMD10 input clock source

0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 512tcyc
1 0 128teyc
1 32tcyc
1 0 0 8teyc
1 Aeyc
1 0 2teye
1 R2,/EVND

(external event input)

Figure 63 Timer Mode Register D1 (TMD1)

Timer mode register D2 (TMD2: $015): Four-bit read/write register that selects the timer D output
mode and input capture operation as shown in figure 64. Itis reset to $0 by MCU reset.

Timer write register D (TWDL: $011, TWDU: $012): Write-only register consisting of the lower digit
(TWDL) and the upper digit (TWDU). The operation of timer write register D is basically the same ¢
that of timer write register B (TWBL: $00A, TWBU: $00B).

Timer read register D (TRDL: $011, TRDU: $012): Read-only register consisting of the lower digit
(TRDL) and the upper digit (TRDU). The operation of timer read register D is basically the same as
that of timer read register B (TRBL: $00A, TRBU: $00B).

When the input capture timer operation is selected and if the count of timer D is read after a trigger
input, either the lower or upper digit can be read first.
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« Port mode register C (PMRC: $025): Write-only register that selegf&VR2D pin function as shown
in figure 53. It is reset to $0 by MCU reset.

» Detection edge select register 2 (ESR2: $027): Write-only register that selects the detection edge ¢
signals input to pin EVND as shown in figure 69. It is reset to $0 by MCU reset.

Timer mode register D2 (TMD2: $015)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W
Bit name TMD23 TMD22 TMD21 TMD20

TMD23 TMD22 TMD21 TMD20 R1,/TOD mode selection

0 0 0 0 R1, R1, port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 — Not used
1
1 0
1 TOD PWM output

1 O O O R1, Input capture (R1; port)

O : Don'’t care

Figure 64 Timer Mode Register D2 (TMD2)

Timer write register D (lower digit) (TWDL: $011)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W W W W

Bit name TWDL3 TwDL2 TwDL1 TWDLO

Figure 65 Timer Write Register D Lower Digit (TWDL)
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Timer write register D (upper digit) (TWDU: $012)

Bit 3 2 1 0
Initial value ‘ Undefined‘ Undefined‘ Undefined‘ Undefined‘
Read/Write w w w w

Bit name TWDU3 TwDU2 TwDU1l TwWDUO

Figure 66 Timer Write Register D Upper Digit (TWDU)

Timer read register D (lower digit) (TRDL: $011)

Bit 3 2 1 0
Initial value ‘ Undefined ‘ Undefined ‘ Undefined ‘ Undefined ‘
Read/Write R R R R

Bit name TRDL3 TRDL2 TRDL1 TRDLO

Figure 67 Timer Read Register D Lower Digit (TRDL)

Timer read register D (upper digit) (TRDU: $012)

Bit 3 2 1 0
Initial value ‘ Undefined ‘ Undefined ‘ Undefined ‘ Undefined ‘
Read/Write R R R R

Bit name TRDU3 TRDU2 TRDU1l TRDUO

Figure 68 Timer Read Register D Upper Digit (TRDU)
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Detection edge register 2 (ESR2: $027)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name ESR23 ESR22 ESR21 ESR20
ESR23 ESR22 EVND detection edge ESR21 ESR20 INT4 detection edge
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection* 1 Double-edge detection”

Note: * Both falling and rising edges are detected.

80

Figure 69 Detection Edge Select Register 2 (ESR2)
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Note on Use

When using the timer output as PWM output, note the following point. From the update of the timer v
register untill the occurrence of the overflow interrupt, the PWM output differs from the period and d
settings, as shown in table 27. The PWM output should therefore not be used until after the ove
interrupt following the update of the timer write register. After the overflow, the PWM output will have t
set period and duty cycle.

Table 27 PWM Output Following Update of Timer Write Register

PWM Output
Timer Write Register is Updated Timer Write Register is Updated
Mode during High PWM Output during Low PWM Output
Free Timer write Timer write
running register register
rewrite (set  Interrupt request rewrite (set Interrupt request
value is N)  generated value is N) generated
T x (255 = N) TX(N+1)‘ Tx(N'+1)
Tx(255-N) |Tx(N+1)
Reload Timer write Timer write
register register
rewrite (set Interrupt request rewrite (set Interrupt request
value is N)  generated value is N) generated

T ] txess-N T ‘ y T‘,‘

| Tx(@55-N) | T
\
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Serial Interfaces
The serial interface serially transfers and receives 8-bit data, and includes the following features.

* Multiple transmit clock sources
O External clock
O Internal prescaler output clock
O System clock

* Output level control in idle states

Five registers, an octal counter, and a multiplexer are also configured for the serial interface as follows

Serial data register (SRL: $006, SRU: $007)
Serial mode register A (SMRA: $005)

Serial mode register B (SMRB: $028)
Miscellaneous register (MIS: $00C)

Octal counter (OC)

Selector

Ooo0oooogod

The block diagram of the serial interface is shown in figure 70.
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Octal Serial interrupt
o ctaof:ounter — request flag
(0C) (IFS)
SO ( :> Idle control
logic
a7 Clock
SCK /0 control = Serialdata |
logic register
? (SRL/U)
(2]
=}
G :
ko
©
©
£
System  2PER £
clock "5 h
‘g Transfer
© control
1/2 o
//
+2 1/2
7 N I , :
e 32 |8 Serial mode register
g +128 § A -
- 5]
§ 512 8 (SMRA)
&) +2048
Serial mode register
[ B -
<l >
Data bus (SMRB)
— Clock line
—  Sijgnal line

Figure 70 Block Diagram of Serial Interface
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Serial Interface Operation

Selecting and Changing the Operating Mode:Table 28 lists the serial interface’s operating modes. T
select an operating mode, use one of these combinations of port mode register A (PMRA: $004) and
mode register A (SMRA: $005) settings; to change the operating mode, always initialize the serial inte
internally by writing data to serial mode register A. Note that the serial interface is initialized by writ
data to serial mode register A. Refer to the following Serial Mode Register A section for details.

Pin Setting: The R2/SCK pin is controlled by writing data to serial mode register A (SMRA: $005). Th
R2,/S| and R3/SO pins are controlled by writing data to port mode register A (PMRA: $004). Refer to 1
following Registers for Serial Interface section for details.

Transmit Clock Source Setting: The transmit clock source is set by writing data to serial mode register
(SMRA: $005) and serial mode register B (SMRB: $028). Refer to the following Registers for Se
Interface section for details.

Data Setting: Transmit data is set by writing data to the serial data register (SRL: $006, SRU: $0!
Receive data is obtained by reading the contents of the serial data register. The serial data is shifted
transmit clock and is input from or output to an external system.

The output level of the SO pin is invalid until the first data is output after MCU reset, or until the out
level control in idle states is performed.

Table 28 Serial Interface Operating Modes

SMRA PMRA
Bit 3 Bit 1 Bit 0 Operating Mode
1 0 0 Continuous clock output mode
1 Transmit mode
1 0 Receive mode
1 Transmit/receive mode

Transfer Control: The serial interface is activated by the STS instruction. The octal counter is rese
000 by this instruction, and it increments at the rising edge of the transmit clock. When the eighth trau
clock signal is input or when serial transmission/receive is discontinued, the octal counter is reset tc
the serial interrupt request flag (IFS: $023, bit 2) is set, and the transfer stops.

When the prescaler output is selected as the transmit clock, the transmit clock frequency is selegted :
to 8192¢,. by setting bits 2 to 0 (SMRA2— SMRAO) of serial mode register A (SMRA: $005) and bit
(SMRBO) of serial mode register B (SMRB: $028) as listed in table 29.
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Table 29 Serial Transmit Clock (Prescaler Output)

SMRB SMRA
Bit 0 Bit 2 Bit 1 Bit0 Prescaler Division Ratio Transmit Clock Frequency
0 0 0 0 +2048 4096ty
1 +512 1024ty
1 0 +128 256ty
1 +32 64tcyc
1 0 0 +8 16teyc
1 +2 Aeye
1 0 0 0 + 4096 8192tey,
1 +1024 2048tey.
1 0 +256 512ty
1 +64 128tcyc
1 0 0 +16 32teyc
1 4 Bteyc

Operating States: The serial interface has the following operating states; transitions between them
shown in figure 71.

0 STS wait state

O Transmit clock wait state

O Transfer state

0 Continuous clock output state (only in internal clock mode)

e STS wait state: The serial interface enters STS wait state by MCU reset (00, 10 in figure 71). In S
wait state, the serial interface is initialized and the transmit clock is ignored. If the STS instruction i
then executed (01, 11), the serial interface enters transmit clock wait state.

e Transmit clock wait state: Transmit clock wait state is between the STS execution and the falling e
of the first transmit clock. In transmit clock wait state, input of the transmit clock (02, 12) increment
the octal counter, shifts the serial data register, and enters the serial interface in transfer state. Ho\
note that if continuous clock output mode is selected in internal clock mode, the serial interface doe
enter transfer state but enters continuous clock output state (17).

The serial interface enters STS wait state by writing data to serial mode register A (SMRA: $005) (C
14) in transmit clock wait state.

« Transfer state: Transfer state is between the falling edge of the first clock and the rising edge of th
eighth clock. In transfer state, the input of eight clocks or the execution of the STS instruction sets
octal counter to 000, and the serial interface enters another state. When the STS instruction is exe
(05, 15), transmit clock wait state is entered. When eight clocks are input, transmit clock wait state
entered (03) in external clock mode, and STS wait state is entered (13) in internal clock mode. In
internal clock mode, the transmit clock stops after outputting eight clocks.
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In transfer state, writing data to serial mode register A (SMRA: $005) (06, 16) initializes the serial

interface, and STS wait state is entered.

If the state changes from transfer to another state, the serial interrupt request flag (IFS: $023, bit 2)

by the octal counter that is reset to 000.

Continuous clock output state (only in internal clock mode): Continuous clock output state is entere

only in internal clock mode. In this state, the serial interface does not transmit/
receive data but only outputs the transmit clock fronSthE pin.

When bits 1 and 0 (PMRA1, PMRAO) of port mode register A (PMRA: $004) are 00 in transmit clocl
wait state and if the transmit clock is input (17), the serial interface enters continuous clock output s
If serial mode register A (SMRA: $005) is written to in continuous clock output mode (18), STS wait

state is entered.

External clock mode

STS wait state
(Octal counter = 000,
transmit clock disabled)

SMRA write C04) (06) SMRA write (IFS « 1)
- STS instruction

Transmit clock

Transmit clock wait state Transfer state
(Octal counter = 000) - (Octal counter = 000)

8 transmit clocks STS instruction (IFS ~ 1)

(00> MCU reset
B B —

Internal clock mode

STS wait state

MCU reset
B S —

SMRA write (Octal counter = 000,
transmit clock disabled)
Continuous clock output state @ 8 transmit clocks
(PMRA 0, 1 = 00) SMRA write

(1D sTS instruction SMRA write (IFS 1)

Transmit clock @D\\

(12> Transmit clock

Transfer state
(Octal counter =z 000)

Transmit clock wait state
(Octal counter = 000)

-

as>

STS instruction (IFS <~ 1)

Note: Refer to the Operating States section for the corresponding encircled numbers.

Output Level Control in Idle States: In idle states, that is, STS wait state and transmit clock wait stat
the output level of the SO pin can be controlled by setting bit 1 (SMRB1) of serial mode register B (SM
$028) to 0 or 1. The output level control example is shown in figure 72. Note that the output level ca

Figure 71 Serial Interface State Transitions

be controlled in transfer state.

86

RENESAS




HD404629R Series

State

MCU reset
PMRA write
SMRA write
SMRB write
SRL, SRU write

STS instruction
SCK pin (input)

SO pin

IFS

State

MCU reset
PMRA write
SMRA write
SMRB write
SRL, SRU write

STS instruction

SCK pin (output)

SO pin

IFS

Transmit clock Transmit clock
wait state S wait state

STS wait state

Transfer state

~——STS wait state

l

Port selection

External clock selection © Dummy write for

l state transition

Output level control in

‘ Output level control in
idle states !

¢ idle states

Data write for transmission

i

I I |

TN Undefned N idie (sBX_ X X X X X X _wsB_ ¥ ide

—

External clock mode Flag reset at transfer completion

Transmit clock
wait state

STS wait state

Transfer state

~——STS wait state

l

Port selection

Internal clock selection

Output level control in

Output level control in |
i idle states

idle states

Data write for transmission

|

I I

Undefined WX idle (B XX wse (e
|

Flag reset at transfer completion
Internal clock mode 9 P

Figure 72 Example of Serial Interface Operation Sequence
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Transmit Clock Error Detection (In External Clock Mode): The serial interface will malfunction if a
spurious pulse caused by external noise conflicts with a normal transmit clock during transfer. A trar
clock error of this type can be detected as shown in figure 73.
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Transfer completion
(IFS < 1)

Y

Interrupts inhibited

IFS <0
\
SMRA write
Yes Transmit clock
error processing
No

Normal

termination

Transmit clock error detection flowchart

Transmit clock Transmit clock wait state
wait state 8

Transfer state Transfer state

State

SCK pin (input) o /1 o O e R

Noise 1

X 1 X2 X 3 X 4 5 X 6 X 7 X 8 |
| Transfer state has been

. entered by the transmit clock
1 error. When SMRA is written,

" IFS is set. ¢
SMRA write : |
IFS
Flag set because octal Flag resetat
counter reaches 000 transfer completion

Transmit clock error detection procedure

Figure 73 Transmit Clock Error Detection
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If more than eight transmit clocks are input in transfer state, at the eighth clock including a spurious |
by noise, the octal counter reaches 000, the serial interrupt request flag (IFS: $023, bit 2) is set
transmit clock wait state is entered. At the falling edge of the next normal clock signal, the transfer st:
entered. After the transfer completion processing is performed and IFS is reset, writing to serial r
register A (SMRA: $005) changes the state from transfer to STS wait. At this time IFS is set again
therefore the error can be detected.

Notes on Use:

 Initialization after writing to registers: If port mode register A (PMRA: $004) is written to in transmit
clock wait state or in transfer state, the serial interface must be initialized by writing to serial mode
register A (SMRA: $005) again.

» Serial interrupt request flag (IFS: $023, bit 2) set: If the state is changed from transfer to another by
writing to serial mode register A (SMRA: $005) or executing the STS instruction during the first low
pulse of the transmit clock, the serial interrupt request flag is not set. To set the serial interrupt req
flag, serial mode register A write or STS instruction execution must be programmed to be executed
confirming that thesCK pin is at 1, that is, after executing the input instruction to port R2.

Registers for Serial Interface
The serial interface operation is selected, and serial data is read and written by the following registers.

Serial Mode Register A (SMRA: $005)

Serial Mode Register B (SMRB: $028)

Serial Data Register (SRL: $006, SRU: $007)
Port Mode Register A (PMRA: $004)
Miscellaneous Register (MIS: $00C)

Ooo0Ooood

Serial Mode Register A (SMRA: $005): This register has the following functions (figure 74).

0 R2,/SCK pin function selection
O Transfer clock selection

O Prescaler division ratio selection
O Serial interface initialization

Serial mode register A (SMRA: $005) is a 4-bit write-only register. It is reset to $0 by MCU reset.

A write signal input to serial mode register A (SMRA: $005) discontinues the input of the transmit cloc!
the serial data register and octal counter, and the octal counter is reset to 000. Therefore, if a w
performed during data transfer, the serial interrupt request flag (IFS: $023, bit 2) is set.

Written data is valid from the second instruction execution cycle after the write operation, so the
instruction must be executed at least two cycles after that.
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Serial mode register A (SMRA: $005)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name SMRA3 SMRA2 SMRA1l SMRAO
R21/SCK L Prescaler
SMRA3  mode selection SMRA2 SMRA1 SMRAO SCK Clock source  division ratio
0 R21 0 0 0 Output  Prescaler Refer to
1 SCK 71 table 29
1 0
1
1 0 0
1
1 0 Output  System clock —
1 Input External clock —

Figure 74 Serial Mode Register A (SMRA)

Serial Mode Register B (SMRB: $028):This register has the following functions (figure 75).

O Prescaler division ratio selection
O Output level control in idle states

Serial mode register B is a 2-bit write-only register. It cannot be written during data transfer.

By setting bit 0 (SMRBO) of this register, the prescaler division ratio is selected. Only bit 0 (SMRBO)
be reset to 0 by MCU reset. By setting bit 1 (SMRB1), the output level of the SO pin is controlled in
states. The output level changes at the same time that SMRB1 is written to.
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Serial mode register B (SMRB: $028)

Bit 3 2 1 0
Initial value ‘ — ‘ — ‘ Undefined‘ 0 ‘
Read/Write — — w W
Bit name Not used Notused SMRB1 SMRBO
SMRB1  Output level control in idle states SMRBO  Transmit clock division ratio
0 Low level 0 Prescaler output divided by 2
1 High level 1 Prescaler output divided by 4

Figure 75 Serial Mode Register B (SMRB)

Serial Data Register (SRL: $006, SRU: $007)This register has the following functions (figures 76 and

77).

O Transmission data write and shift
O Receive data shift and read

Writing data in this register is output from the SO pin, LSB first, synchronously with the falling edge of
transmit clock; data is input, LSB first, through the Sl pin at the rising edge of the transmit clc

Input/output timing is shown in figure 78.

Data cannot be read or written during serial data transfer. If a read/write occurs during transfer

accuracy of the resultant data cannot be guaranteed.

Serial data register (lower digit) (SRL: $006)

Bit 3 2 1 0
Initial value ‘ Undefined ‘ Undefined ‘ Undefined ‘ Undefined ‘
Read/Write RW RW RW RW

Bit name SR3 SR2 SR1 SRO

Figure 76 Serial Data Register (SRL)
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Serial data register (upper digit) (SRU: $007)

Bit 3 2 1 0
Initial value ‘ Undefined ‘ Undefined ‘ Undefined ‘ Undefined ‘
Read/Write RW RW RW R/W
Bit name SR7 SR6 SR5 SR4

Figure 77 Serial Data Register (SRU)

Transmit clock
Serial output
data LSB MSB

Serial input data
latch timing

Figure 78 Serial Interface Output Timing
Port Mode Register A (PMRA: $004): This register has the following functions (figure 79).

O R2,/SI pin function selection
0 R2/SO pin function selection

Port mode register A (PMRA: $004) is a 2-bit write-only register, and is reset to $0 by MCU reset.

Port mode register A (PMRA: $004)

Bit 3 2 1 0

Initial value ‘ — ‘ — ‘ 0 ‘ 0 ‘

Read/Write — — w w

Bit name Not used Notused PMRA1 PMRAO

PMRA1 R2,/SI mode selection PMRAO R23/SO mode selection

0 R2; 0 R23
1 Sl 1 SO

Figure 79 Port Mode Register A (PMRA)
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Miscellaneous Register (MIS: $00C):This register has the following function (figure 80).
0 R2,/SO pin PMOS control

Miscellaneous register (MIS: $00C) is a 4-bit write-only register and is reset to $0 by MCU reset.

Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w " W
Bit name MIS3 MIS2 MIS1 MISO
MIS3 Pull-up MOS on/off selection MIS1 MISO trRc
0 Off 0 0 0.12207 ms
1 On 0.24414 ms
_ 1 7.8125 ms
MIS2 R23/SO PMOS on/off selection
1 0 31.25 ms
0 On
1 Not used
1 Off

Figure 80 Miscellaneous Register (MIS)

A/D Converter

The MCU has a built-in A/D converter that uses a successive approximation method with a resistor la
It can measure four analog inputs with 8-bit resolution. As shown in the block diagram of figure 81,
A/D converter has a 4-bit A/D mode register, a 1-bit A/D start flag, and a 4-bit plus 4-bit A/D data regis
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A/D interrupt request flag
(IFAD)

A/D mode register| ——
2 — (AMR) —

\ g
A/D data register ——| 2
ANg & »| s Encoder (ADR) L %
AN; ©—» 5 1 o
AN, —»] © T
<) c
AN3 @—> wn =
A/D control | 1 conversion time é
A logic control
_ | }
A/D start flag
(ADSF)

Off in stop, watch,
and subactive
modes

|
v

AVCC(}*V/}
AVgs (O

Resistance ladder

{__ > Databus

— Signal line

Figure 81 Block Diagram of A/D Converter

A/D Mode Register (AMR: $016): Four-bit write-only register which selects the A/D conversion periot
and indicates analog input pin information. Bit 0 of the A/D mode register selects the A/D conver:
period, and bits 3 and 2 select a channel, as shown in figure 82.
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A/D mode register (AMR: $016)

Bit 3 2 1 0

Initial value ‘ 0 ‘ 0 ‘ — ‘ 0 ‘

Read/Write w w — w

Bit name AMR3  AMR2 Notused AMRO

AMR3 AMR2 Analog input selection AMRO Conversion time

0 0 ANp 0 34tyc
0 1 ANy 1 67tcyc
1 0 AN2
1 1 AN3

Figure 82 A/D Mode Register (AMR)

A/D Data Register (ADRL: $017, ADRU: $018): Eight-bit read-only register consisting of a 4-bit lower
digit and 4-bit upper digit. This register is not cleared by reset. After the completion of A/D convers
the resultant eight-bit data is held in this register until the start of the next conversion (figures 83, 84
85).

ADRU: $018 ADRL: $017
3 2 1 0 S 2 1 0
MSB LSB
Bit 7 Bit O

Figure 83 A/D Data Registers (ADRU, ADRL)
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A/D data register (lower digit) (ADRL: $017)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R R R R

Bit name ADRL3 ADRL2 ADRL1 ADRLO

Figure 84 A/D Data Register Lower Digit (ADRL)

A/D data register (upper digit) (ADRU: $018)

Bit 3 2 1 0
Initial value ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R R R R

Bit name ADRU3 ADRU2 ADRUl1l ADRUO

Figure 85 A/D Data Register Upper Digit (ADRU)

A/D Start Flag (ADSF: $020, Bit 2): One-bit flag that initiates A/D conversion when set to 1. At the

completion of A/D conversion, the converted data is stored in the A/D data register and the A/D start fl
cleared. Refer to figure 86.

A/D start flag (ADSF: $020, bit 2)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W
Bit name DTON ADSF WDON LSON
DTON WDON
Refer to the description of operating Refer to the description of timers
modes
ADSF (A/D start flag) LSON
1 A/D conversion started Refer to the description of operating
0 A/D conversion completed modes

Figure 86 A/D Start Flag (ADSF)
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Note on Use: Use the SEM and SEMD instructions to write data to the A/D start flag (ADSF: $020, bit
but make sure that the A/D start flag is not written to during A/D conversion. Data read from the A/D (
register (ADRL: $017, ADRU: $018) during A/D conversion cannot be guaranteed.

The A/D converter does not operate in the stop, watch, and subactive modes because of the OSC
During these low-power dissipation modes, current through the resistor ladder is cut off to decreas

power input.

DTMF Generation Circuit

The MCU provides a dual-tone multifrequency (DTMF) generation circuit. The DTMF signal consists
two sine waves to access the switching system.

Figure 87 shows the DTMF keypad and frequencies. Each key enables tones to be generated corresy
to each frequency. Figure 88 shows a block diagram of the DTMF circuit.

The OSC clock (400 kHz, 800 kHz, 2 MHz, or 4 MHz) is changed into four clock signals through
division circuit (L/2, 1/5, and 1/10). The DTMF circuit uses one of the four clock signals, which |
selected by the system clock select register (SSR: $029) depending on the OSC clock frequency
DTMEF circuit has transformed programmable dividers, sine wave counters, and control registers.

The DTMF generation circuit is controlled by the following three registers.

R1 (697 Hz)

R2 (770 Hz)

R3 (852 Hz)

R4 (941 Hz)

C3 (1,477 Hz)
C4 (1,633 Hz)

— —
N N
I I
(o] (o]
o ™
N ™
— «—
~ ~
— N
@) ©)

Figure 87 DTMF Keypad and Frequencies
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: Transforma-
Sine wave .
TONER 1: | E— counter D/A tlondi;:/rizgiam
| Feedback f t 2 r—]
VT o—— ]
ref Tone generator
mode register {
(TGM)
TONER output control
ronec ()| Snewave Transiorme: |- L
oo | 4
Feedback f t 2] (TGC) ] o
©
©
=
[0}
TONEC output control ) c
fosc 400 kHz —f ]
800 kHz System clock
| - 400 kHz selection register K
| 2MHz 1/5 Selector (SSR)
4 MHz
1/10
<> Databus -
— = Clock line L e

——— Signal line

Figure 88 Block Diagram of DTMF Circuit
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Tone Generator Mode Register (TGM: $019): Four-bit write-only register, which controls output
frequencies as shown in figure 89, and is reset to $0 by MCU reset.

Tone generator mode register (TGM: $019)

Bit 3 2 1 0

Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

Read/Write w W W W

Bit name TGM3 TGM2 TGM1 TGMO

TGM3 TGM2 TONEC output frequencies TGM1 TGMO TONER output frequencies

0 0 fc1 (1,209 Hz) 0 0 fr1 (697 Hz)
0 1 fc2 (1,336 Hz) 0 1 fr2 (770 Hz)
1 0 fos (1,477 Hz) 1 0 fr3 (852 Hz)
1 1 fca (1,633 Hz) 1 1 fra (941 Hz)

Figure 89 Tone Generator Mode Register (TGM)

Tone Generator Control Register (TGC: $01A): Three-bit write-only register, which controls the
start/stop of the DTMF signal output as shown in figure 90, and is reset to $0 by MCU reset. TONER
TONEC output can be independently controlled by bits 3 and 2 (TGC3, TGC2), and the DTMF circu
controlled by bit 1 (TGC1) of this register.

Tone generator control register (TGC: $01A)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ — ‘
Read/Write W W w —
Bit name TGC3 TGC2 TGC1l Notused

TGC3 TONEC output control (column) TGC1 DTMF enable hit
0 No output 0 DTMF disable
1 TONEC output (active) 1 DTMF enable
TGC2 TONER output control (row)

0 No output

1 TONER output (active)

Figure 90 Tone Generator Control Register (TGC)
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System Clock Select Register (SSR: $029Four-bit write-only register. This register must be set to th
value specified in figure 91 depending on the frequency of the oscillator connected to thenQ IS¢
pins. Note that if the combination of the oscillation frequency and the value in this register is diffel
from that specified in figure 91, the DTMF output frequencies will differ from the correct frequencies
listed in figure 89.

System clock select register (SSR: $029)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w
Bit name SSR3 SSR2 SSR1 SSRO
SSR3  32-kHz oscillation stop SSR1  SSRO System clock selection
0 Oscillation operates in stop mode 0 0 400 kHz
1 Oscillation stops in stop mode 0 1 800 kHz
1 0 2 MHz
ssre Sz gscllaton diior L s
0 fsus = fx/8
1 fsus = fx/4

Note: SSR3is cleared only by a RESET input. SSR3 will not be cleared by a STOPC input during stop
mode, and will retain its value. SSR3 will also not be cleared upon entering stop mode.

Figure 91 System Clock Select Register (SSR)
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DTMF Output: The sine waves of the row-group and column-group are individually converted in the L
conversion circuit which provides a high-precision ladder resistance. The DTMF output pins (TON
TONEC) transmit the sine waves of the row-group and column-group, respectively.

Figure 92 shows the tone output equivalent circuit. Figure 93 shows the output waveform. One cyc
this wave consists of 32 slots. Therefore, the output waveform is stable with little distortion. Table 30
the frequency deviation of the MCU from standard DTMF signals.

Table 30 Frequency Deviation of the MCU from Standard DTMF

Standard DTMF (Hz) MCU (Hz) Deviation from Standard (%)
R1 697 694.44 -0.37
R2 770 769.23 -0.10
R3 852 851.06 -0.11
R4 941 938.97 -0.22
C1 1,209 1,212.12 0.26
Cc2 1,336 1,333.33 -0.20
C3 1,477 1,481.48 0.30
C4 1,633 1,639.34 0.39

Note: This frequency deviation value does not include the frequency deviation due to the oscillator
element. Also note that in this case the ratio of the high level and low level widths in the oscillator
waveform due to the oscillator element will be 50%:50%.

Switch control

VT et

/ﬁg

O TONER
TONEC

Figure 92 Tone Output Equivalent Circuit
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VTref [

123456 7 8 9 10111213141516 17|18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
— T T T Ty T O T AR
s s e A B R s s s e L A B B s

GND
Time slot

Figure 93 Waveform of Tone Output
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LCD Controller/Driver

The MCU has an LCD controller and driver which drive 4 common signal pins and 52 segment pins.
controller consists of a RAM area in which display data is stored, a display control register (LCR: $0
and a duty-cycle/clock-control register (LMR: $01C) (figure 94).

Four duty cycles and the LCD clock are programmable, and a built-in dual-port RAM ensures that dis
data can be automatically transmitted to the segment signal pins without program intervention. If a 32
oscillation clock is selected as the LCD clock source, the LCD can even be used in watch mode, in v

the system clock stops.

Vee | Internal LCD power supply switch
[
\Y (¢}

1
>
com1 @ 2
V, f%
oL
coMm2 @ Somimon g
signal V. 25
output 3 8 z
i Q
COoM3 @J circuit a0 LCD control
GND O—e register K
com4 @ (LCR)
Pin
control LCD output
register 1 K
( 4 (LOR1)
LCD output
register 2 K
( 4 (LOR2) o
2
©
LCD output g
register 3 K =
(T 3 (LOR3) g
Q
NE bicol E
SEG1 ; isplay
S @ B control
SEG4 : 3 2
@ - Display data Dual-port
display RAM C>
I 52 igi
SEG5 @ ' (52 digits)
S Segment 2 Duy
SEG8 @ z:ﬂgﬁlt selection
circuit Clock
SEG9 @ 4
wen @b | o s
LCD mode
SEG21 @7 register
g S =y o (LMR)
- - | )
SEGS52 @7 000D
<> Dpatabus
77777 E — Clock line
Note: | | Pinfunction switching circuit . Signal line

104

Figure 94 Block Diagram of Liquid Crystal Display Control System
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LCD Data Area and Segment Data ($050-$083)As shown in figure 95, each bit of the storage are:
corresponds to one of four duty cycles. If data is written to an area corresponding to a certain duty cy
is automatically output to the corresponding segments as display data.

zﬁfess Bit 3 Bit 2 Bit 1 Bit 0 Zj\d’\fess Bit 3 Bit 2 Bit 1 Bit 0
$050 | SEG1 | SEGl | SEGl | SEG1 $06A | SEG27 | SEG27 | SEG27 | SEG27
$051 | SEG2 | SEG2 | SEG2 | SEG2 $06B | SEG28 | SEG28 | SEG28 | SEG28
$052 | SEG3 | SEG3 | SEG3 | SEG3 $06C | SEG29 | SEG29 | SEG29 | SEG29
$053 | SEG4 | SEG4 | SEG4 | SEG4 $06D | SEG30 | SEG30 | SEG30 | SEG30
$054 | SEGS | SEG5 | SEG5 | SEGS $06E | SEG31 | SEG31 | SEG31 | SEG31
$055 | SEG6 | SEG6 | SEG6 | SEG6 $06F | SEG32 | SEG32 | SEG32 | SEG32
$056 | SEG7 | SEG7 | SEG7 | SEG7 $070 | SEG33 | SEG33 | SEG33 | SEG33
$057 | SEG8 | SEG8 | SEG8 | SEG8 $071 | SEG34 | SEG34 | SEG34 | SEG34
$058 | SEG9 | SEGY9 | SEG9 | SEG9 $072 | SEG35 | SEG35 | SEG35 | SEG35
$059 | SEG10 | SEG10 | SEG10 | SEGI10 $073 | SEG36 | SEG36 | SEG36 | SEG36
$05A | SEGI1 | SEG1l | SEG1l | SEGIL $074 | SEG37 | SEG37 | SEG37 | SEG37
$05B | SEG12 | SEG12 | SEG12 | SEGI12 $075 | SEG38 | SEG38 | SEG38 | SEG38
$05C | SEG13 | SEG13 | SEG13 | SEG13 $076 | SEG39 | SEG39 | SEG39 | SEG39
$05D | SEG14 | SEG14 | SEGl4 | SEG14 $077 | SEGA40 | SEG40 | SEG40 | SEG40
$05E | SEG1S | SEG15 | SEG15 | SEG15 $078 | SEG4l | SEG4L | SEG4l | SEGA4L
$05F | SEG16 | SEG16 | SEG16 | SEG16 $079 | SEG42 | SEGA42 | SEG42 | SEG42
$060 | SEG17 | SEG17 | SEG17 | SEG17 $07A | SEG43 | SEGA43 | SEG43 | SEG43
$061 | SEG18 | SEG18 | SEG18 | SEGI8 $07B | SEG44 | SEG44 | SEGA44 | SEG44
$062 | SEG19 | SEG19 | SEG19 | SEG19 $07C | SEG45 | SEG45 | SEGA45 | SEG45
$063 | SEG20 | SEG20 | SEG20 | SEG20 $07D | SEGA46 | SEGA46 | SEG46 | SEG46
$064 | SEG21 | SEG21 | SEG21 | SEG21 $07E | SEGA7 | SEGA7 | SEG47 | SEGA47
$065 | SEG22 | SEG22 | SEG22 | SEG22 $07F | SEGA48 | SEG48 | SEG48 | SEG48
$066 | SEG23 | SEG23 | SEG23 | SEG23 $080 | SEGA49 | SEGA49 | SEG49 | SEG49
$067 | SEG24 | SEG24 | SEG24 | SEG24 $081 | SEGS0 | SEG50 | SEG50 | SEGS50
$068 | SEG25 | SEG25 | SEG25 | SEG25 $082 | SEGS1 | SEG51 | SEGS51 | SEGS51
$069 | SEG26 | SEG26 | SEG26 | SEG26 $083 | SEG52 | SEG52 | SEG52 | SEGS52

COM4  COM3 COM2  COML COM4  COM3 COM2  COML

Figure 95 Configuration of LCD RAM Area (for Dual-Port RAM)
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LCD Control Register (LCR: $01B): Three-bit write-only register which controls LCD blanking, on/off
switching of the liquid-crystal display’s power supply division resistor, and display in watch and subac

modes, as shown in figure 96.

« Blank/display
Blank: Segment signals are turned off, regardless of LCD RAM data setting.
Display: LCD RAM data is output as segment signals.

» Power switch on/off
Off: The power switch is off.

On:The power switch is on and V1 is/

» Watch/subactive mode display

Off: In watch and subactive modes, all common and segment pins are grounded and the liquid-cry:s
power switch is turned off.

On: In watch and subactive modes, LCD RAM data is output as segment signals.

LCD display control register (LCR: $01B)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — W w W

Bit name Not used LCR2 LCR1 LCRO

Display on/off selection in LCR1  Power switch on/off

LCR2

watch and subactive modes 0 Off
0 Off il On
! on LCRO Blank/display
0 Blank
1 Display

106

Figure 96 LCD Control Register (LCR)
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LCD Duty-Cycle/Clock Control Register (LMR: $01C): Four-bit write-only register which selects the
display duty cycle and LCD clock source, as shown in figure 97. The dependence of fr:
frequency on duty cycle is listed in table 31.

LCD duty cycle/clock control register (LMR: $01C)

Bit 3 2 1 0

Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

Read/Write w w w w

Bit name LMR3 LMR2 LMR1 LMRO

LMR3 LMR2 Input clock source selection LMR1 LMRO  Duty cycle selection
0 0 CLO (32.768-kHz x duty/64: when 0 0 1/4 duty
32.768-kHz oscillation is used) 0 1 1/3 duty

0 1 CL1 (fosc x duty cycle/1024) 1 0 1/2 duty
1 0 CL2 (fosc x duty cycle/8192) 1 1 Static
1 1 CL3 (refer to table 31)

Figure 97 LCD Duty-Cycle/Clock Control Register (LMR)
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Table 31 LCD Frame Frequencies for Different Duty Cycles

Frame Frequencies

fosc = fosc = fosc = fosc =
Duty Cycle LMR3 LMR2 400 kHz 800 kHZ 2 MHz 4 MHz
Static 0 0 CLO 512 Hz
1 CL1 390.6 Hz 781.3 Hz 1953 Hz 3906 Hz
1 0 CL2 48.8 Hz 97.7 Hz 244.1 Hz 488.3 Hz
1 CL3* 24.4 Hz 48.8 Hz 122.1 Hz 244.1 Hz
64 Hz
1/2 0 0 CLO 256 Hz
1 CL1 195.3 Hz 390.6 Hz 976.6 Hz 1953 Hz
1 0 CL2 24.4 Hz 48.8 Hz 122.1 Hz 244.1 Hz
1 CL3* 12.2 Hz 24.4 Hz 61 Hz 122.1 Hz
32 Hz
1/3 0 0 CLO 170.7 Hz
1 CL1 130.2 Hz 260.4 Hz 651 Hz 1302 Hz
1 0 CL2 16.3 Hz 32.6 Hz 81.4 Hz 162.8 Hz
1 CL3* 8.1 Hz 16.3 Hz 40.7 Hz 81.4 Hz
21.3Hz
1/4 0 0 CLO 128 Hz
1 CL1 97.7 Hz 195.3 Hz 488.3 Hz 976.6 Hz
1 0 CL2 12.2 Hz 24.4 Hz 61 Hz 122.1 Hz
1 CL3* 6.1 Hz 12.2 Hz 30.5Hz 61 Hz
16 Hz

Note: * The division ratio depends on the value of bit 3 of timer mode register A (TMA).

Upper value: When TMA3 =0, CL3 = fggc % duty cycle/16384.
Lower value: When TMA3 =1, CL3 = 32.768 kHz x duty cycle/512.
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LCD Output Register 1 (LOR1: $01D): Write-only register used to specify ports;RR3 as pins SEG1-
SEG4 by individual pins (figure 98).

LCD output register 1 (LOR1: $01D)

Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write w w w w

Bit name LOR13 LOR12 LOR11 LORI10

LOR13 R33/SEG4 mode selection LOR11 R31/SEG2 mode selection
0 R33 0 R31
1 SEG4 1 SEG2

LOR12 R3,/SEG3 mode selection LOR10 R3y/SEG1 mode selection

0 R3; 0 R3,

1 SEG3 1 SEG1

Figure 98 LCD Output Register 1 (LOR1)

LCD Output Register 2 (LOR2: $01E): Write-only register used to specify ports;RR4; as pins SEG5—
SEGS8 by individual pins (figure 99).

LCD output register 2 (LOR2: $01E)
Bit 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write W w w "
Bit name LOR23 LOR22 LOR21 LOR20
LOR23 R43/SEG8 mode selection LOR21 R441/SEG6 mode selection
0 R43 0 R44
1 SEGS8 1 SEG6
LOR22 R4,/SEG7 mode selection LOR20 R4¢/SEG5 mode selection
0 R4, 0 R4
1 SEG7 1 SEG5

Figure 99 LCD Output Register 2 (LOR2)
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LCD Output Register 3 (LOR3: $01F): Write-only register used to specify ports R5—-R7 as pins SEG9
SEG20 in 4-pin units (figure 100).

LCD output register 3 (LOR3: $01F)

Bit 3 2 1 0
Initial value ‘ — ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write — W w w
Bit name Notused LOR32 LOR31 LOR30
LOR32 R7y/SEG17-R75/SEG20 mode selection LOR30 R5¢/SEG9-R53/SEG12 mode selection
0 R70-R73 0 R50-R53
1 SEG17-SEG20 1 SEG9-SEG12

LOR31 R6¢/SEG13-R65/SEG16 mode selection

0 R6(-R65
1 SEG13-SEG16

Figure 100 LCD Output Register 3 (LOR3)

Large Liquid-Crystal Panel Drive and V .,: To drive a large-capacity LCD, decrease the resistance ¢
the built-in division resistors by attaching external resistors in parallel, as shown in figure 101.

The size of these resistors cannot be simply calculated from the LCD load capacitance because the
configuration of the LCD complicates the paths of charge/discharge currents flowing through
capacitors—the resistance will also vary with lighting conditions. This size must be determined by t
and-error, taking into account the power dissipation of the device using the LCD, but a resistance of 1
kQ would usually be suitable. (Another effective method is to attach capacitors of 0.110)0.3

Always turn off the power switch (set bit 1 of the LCR to 0) before changing the liquid-crystal dr
voltage (Mcp)-
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Vee (V1) Vee (V1)
R
V2 C - V2
R
V3 C A
R
GND GND
1 —  6-digit LCD
[l
Vec  comi 1. with sign
\Y
Vee = v E\/; SEG1 52
LCD v to
I . oD SEG52
Static drive
Voo COM1| 2 7 e
COM2 7. 13-digit LCD
Vi
Vee == v vV, SEG1 52
LcD EV to
T G3ND SEG52
1/2 duty, 1/2 bias drive
Vee COME| 8 g Lrdgtico
v, COM3 gV SI0
Vee =, LV sear 52
LCD my; o
3
I GND SEG52
1/3 duty, 1/3 bias drive
4 J—
Vee C?c',v'l ~ 26-digit LCD
Voo L A com4
cc v 52
V. 2 SEG1
LCD T Vs o
. GND SEG52

1/4 duty, 1/3 bias drive
Vee 2V cp 2GND wy, e bias div

Figure 101 LCD Connection Examples
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ZTAT ™ Microcomputer with Built-in programmable ROM

Programming of Built-in programmable ROM
The MCU can stop its function as an MCU in PROM mode for programming the built-in PROM.

PROM mode is set up by setting fREST, Mo, andM31 terminals to “Low” level and the RESET terminal
to “High” level.

Writing and reading specifications of the PROM are the same as those for the commercial EPROM2
Using a socket adapter for specific use of each product, programming is possible with a general-pu
PROM writer.

Since an instruction of the HMCS400 series is 10 bits long, a conversion circuit is incorporated to ada
general-purpose PROM writer. This circuit splits each instruction into five lower bits and five higher |
to write from or read to two addresses. This enables use of a general-purpose PROM. For instar
write to a 16kword of built-in PROM with a general-purpose PROM writer, specify 32kbyte addre
($0000-$7FFF).

Notes:

1. When programming with a PROM writer, set up each ROM size to the address given in table b. Ifi
programmed erroneously to an address given in Table 33 or later, check of writing of PROM may
become impossible. Particularly, caution should be exercised in the case of a plastic package sinc
reprogramming is impossible with it. Set the data in unused addresses to $FF.

2. If the indexes of the PROM writer socket, socket adapter and product are not aligned precisely, the
product may break down due to overcurrent. Be sure to check that they are properly set to the writ
before starting the writing process.

3. Two levels of program voltagesHy are available for the PROM: 12.5 V and 21 V. Our product
employs a ¥pof 12.5 V. If a voltage of 21 V is applied, permanent breakdown of the product will
result. The ¥pof 12.5V is obtained for the PROM writer by setting it according to the Intel 27258
specifications.

Writing/verification

Programming of the built-in program ROM employs a high speed programming method. With this met
high speed writing is effected without voltage stress to the device or without damaging the reliability of
written data.

For precautions for PROM writing procedure, refer to section 2, "Characteristics of "ZTAT
Microcomputer's Built-in Programmable ROM and precautions for its Applications."
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Table 32 Selection of Mode

Mode CE OE Vpp 0007

Writing “Low” “High” Vpp Data input
Verification “High” “Low” Vpp Data output
Prohibition of programming “High” “High” Vpp High impedance

Table 33 PROM Writer Program Address

ROM size Address

8k $0000~$3FFF

12k $0000~$5FFF

16k $0000~$7FFF
RENESAS
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Programmable ROM (HD4074629)

The HD4074629 is a ZTAT microcomputer with built-in PROM that can be programmed in PRON
mode.

PROM Mode Pin Description

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
FP-100B  FP-100A  Pin /O  Pin /O FP-100B  FP-100A  Pin /O  Pin o]
TFP-100B Name Name TFP-100B Name Name

1 3 AV Vee 24 26 D,/STOPC /0 A, [

2 4 AN, I 25 27 D,,/INT, /O Vop

3 5 AN, I 26 28 RO,/INT, /O GND

4 6 AN, I 27 29 RO,/INT, I/O GND

5 7 AN, I 28 30 RO,/INT, I/0

6 8 AV g GND 29 31 RO,/INT, I/0

7 9 TEST I GND 30 32 R1,/TOB /o A I

8 10 0sC, I Vee 31 33 R1,/TOC /O A [

9 11 0sC, o 32 34 R1,/TOD /o A, [
10 12 RESET | Vee 33 35 R1,/EVNB /0O A [
11 13 X1 I GND 34 36 R2,/EVND /o A, [
12 14 X2 o 35 37 R2,/SCK 10 Ay I
13 15 GND GND 36 38 R2,/SI o A, [
14 16 D, /0 CE [ 37 39 R2,/SO /o A, [
15 17 D, 1o OE [ 38 40 R3,/SEG1 IO Ay, [
16 18 D, IO V¢ 39 41 R3,/SEG2 /o A, [
17 19 D, /O V¢ 40 42 R3,/SEG3 /o O, 110
18 20 D, 110 41 43 R3,/SEG4 /o o, o]
19 21 D, 110 42 a4 R4,/SEG5 /o 0, 110
20 22 Dy 110 43 45 R4,/SEG6 /O O, 110
21 23 D, 110 44 46 R4,/SEG7 /o 0, o]
22 24 D, 110 45 47 R4,/SEGS /O O o]
23 25 D, 110 46 48 R5,/SEG9 /O O o]

Notes on next page.
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PROM Mode Pin Description (cont)

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
FP-100B FP-100A Pin /0 Pin /O FP-100B FP-100A Pin /10 Pin 110
TFP-100B Name Name TFP-100B Name Name
47 49 R5,/SEG10 /O O, /0O 74 76 SEG37 O

48 50 R5,/SEG11 I/O0 O, 1o 75 77 SEG38 e}

49 51 R5,/SEG12 I/O0 O, /1O 76 78 SEG39 O

50 52 R6,/SEG13 I/0 O, o 77 79 SEG40 (e}

51 53 R6,/SEG14 1/0 O, 1o 78 80 SEG41 e}

52 54 R6,/SEG15 I/O0 O, /1O 79 81 SEG42 O

53 55 R6,/SEG16 1/0 V¢ 80 82 SEG43 e}

54 56 R7,/SEG17 IO A, I 81 83 SEG44 e}

55 57 R7,/SEG18 /0 A, | 82 84 SEG45 O

56 58 R7,/SEG19 /0O A, I 83 85 SEG46 (e}

57 59 R7,/SEG20 I/O A, I 84 86 SEG47 e}

58 60 SEG21 O 85 87 SEG48 O

59 61 SEG22 o 86 88 SEG49 o

60 62 SEG23 o 87 89 SEG50 e}

61 63 SEG24 O 88 90 SEG51 O

62 64 SEG25 o 89 91 SEG52 o

63 65 SEG26 o 90 92 CoM1 e}

64 66 SEG27 O 91 93 COM2 O

65 67 SEG28 o 92 94 ComM3 o

66 68 SEG29 o 93 95 COomM4 e}

67 69 SEG30 O 94 96 V,

68 70 SEG31 o 95 97 V,

69 71 SEG32 o 96 98 V,

70 72 SEG33 o) 97 99 Vee Vee
71 73 SEG34 o 98 100 TONEC e}

72 74 SEG35 O 99 1 TONER O

73 75 SEG36 O 100 2 VT,

ref

Notes: 1. 1/O: Input/output pin, I: Input pin, O: Output pin
2. Each of O4—0,4 has two pins; before using, each pair must be connected together.
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PROM Mode Pin Functions

Vpp: Applies the programming voltage (12.5:\0.3 V) to the built-in PROM.
CE: Inputs a control signal to enable PROM programming and verification.
OE : Inputs a data output control signal for verification.

Ag—A14 Act as address input pins of the built-in PROM.

Og—0O7: Act as data bus input pins of the built-in PROM. Each®fd has two pins; before using these
pins, connect each pair together.

Mg, M;, RESET, TEST: Used to set PROM mode. The MCU is set to the PROM mode by pMiing
M, andTEST low, and RESET high.

Other Pins (FP-100B/FP-100A): Connect pins 1/3 (A¥c), 8/10 (0SQG), 16/18 (B), 17/19 (3), 53/55
(R63/SEG16), and 97/99 @) to Ve, and pins 6/8 (A¥g and 11/13 (X1) to GND. Leave other pins
open.

$0000 N1 , 1 , 1 Bit4,Bit3,Bit2,Bitl,Bit0 | Lower 5 bits JMPL instruction $0000
$0001 | 1 1 , 1 Bito,Bit8, Bit7,Bit6, Bit5]| Upper5 bits} $0000 6 imp to RESET, STOPC routine) | $0001
. JMPL instruction $0002
$0(')1F j Vector address SO00F | (umptoINTgroutine) | $0003
$0020 $0010 | JMPL instruction __| $0004
(jump to INT 1 routine) $0005
Zero-page subroutine JIMPL instruction $0006
(64 words) | (ump to timer Aroutine) | $0007
$007F 20037 JMPL instruction $0008
$0080 $0040" ™ (lump to timer B, INT, routine) | $0009
: Pattern JMPL instruction $000A
(4,096 words) | (jump to timer C, INT3 routine) | $0008
$1FFF $OFFF JMPL instruction $000C
$2000 $1000° [ (jump to timer D, INT, routine) | $000D
Program - JMPL instruction __| $000E
(16,384 words) (jump to A/D, serial routine) $000F
$7FFF ! ‘ ‘ $3FFF
S —
Upper three bits are not to be used
(fill them with 111)

Figure 102 Memory Map in PROM Mode
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Set programming/verification modes
Vpp =125+0.3V,Vcc=6.0+0.25V

'

| Address =0 |

[

=

T

Yes | n+l-n |

| Program tpy =1 ms + 5% |

No

Verification OK?

| Address + 1 - Address

Program topyw = 3n ms |

No

Last address?

Set read mode
Vec=5.0£05V,Vpp=Vcc 206V

No All addresses

read?

Figure 103 Flowchart of High-Speed Programming
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Programming Electrical Characteristics

DC Characteristics (Vcc = 6.0 V£ 0.25 V, \pp=12.5V+ 0.3 V, T, = 25°C % 5°C, unless otherwise

specified)

Item Symbol Pin(s) Min Typ Max Unit  Test Condition
Input high ViH Og-07, Ag-A1s, 2.2 — Vec+03  V

voltage level OE, CE

Input low Vi Op—07, Ag-A14, —0.3 — 0.8 \%

voltage level OE, CE

Output high VoH 0¢-07 2.4 — — \% lon =—200 pA
voltage level

Output low VoL 0p-07 — — 0.4 \% loL =1.6 mA
voltage level

Input leakage Ol O  0g-O7,Ag-A1s, — — 2 MA  V;;=5.25V/0.5V
current OE, CE

Ve current lce — — 30 mA

Vpp current Ipp — — 40 mA

AC Characteristics (Vcc = 6.0 V£ 0.25 V, \pp=12.5V+ 0.3V, T, = 25C + 5°C, unless otherwise
specified)

Item Symbol Min Typ Max Unit Test Condition
Address setup time tas 2 — — ps See figure 108
OE setup time toes 2 - — us

Data setup time tbs 2 — — ps

Address hold time taAH 0 — — ps

Data hold time tbH 2 — — ps

Data output disable time toe — — 130 ns

Vpp setup time tyvps 2 — — ps

Program pulse width tpw 0.95 1.0 1.05 ms

CE pulse width during topw 2.85 — 7875 ms

overprogramming

V¢ setup time tves 2 — — ps

Data output delay time tog 0 — 500 ns

118
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Input pulse level: 0.8V to 2.2V

Input rise/fall time: <20 ns

Input timing reference levels: 1.0V, 2.0V
Output timing reference levels: 0.8V, 2.0V

Programming Verification
Address :X N
Aﬁ Hﬂ’
Data —Zt Data in Stable j{ 3: Data out Valid ji—
tbs ton tor

VPP a
Vep GND _J_ tws

Vee &
Vee  gnp—._tves
CE N I

tpw toes toe

JR— Rl
OE topw, N /

Figure 104 PROM Programming/Verification Timing
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Notes on PROM Programming

Principles of Programming/Erasure: A memory cell in a ZTAT™ microcomputer is the same as al
EPROM cell; it is programmed by applying a high voltage between its control gate and drain to inject
electrons into its floating gate. These electrons are stable, surrounded by an energy barrier formed
SiO, film. The change in threshold voltage of a memory cell with a charged floating gate makes
corresponding bit appear as 0; a cell whose floating gate is not charged appears as a 1 bit (figure 105)

The charge in a memory cell may decrease with time. This decrease is usually due to one of the follc
causes:

« Ultraviolet light excites electrons, allowing them to escape. This effect is the basis of the erasure
principle.

* Heat excites trapped electrons, allowing them to escape.

« High voltages between the control gate and drain may erase electrons.

If the oxide film covering a floating gate is defective, the electron erasure rate will be greater. Howe
electron erasure does not often occur because defective devices are detected and removed at the
stage.

Control gate Control gate

si0, Si0, -m
Floatlng gate FIoating gate
Source ceeeee )/Draln Source }ain

Write (0) Erasure (1)

Figure 105 Cross-Sections of a PROM Cell

PROM Programming: PROM memory cells must be programmed under specific voltage and timil
conditions. The higher the programming voltagg-¥nd the longer the programming pulsg,is applied,
the more electrons are injected into the floating gates. HowevepdfeXceeds specifications, the pn
junctions may be permanently damaged. Pay particular attention to overshooting in the PR
programmer. In addition, note that negative voltage noise will produce a parasitic transistor effect that
reduce breakdown voltages.

The ZTAT™ microcomputer is electrically connected to the PROM programmer by a socket adaj
Therefore, note the following points:

* Check that the socket adapter is firmly mounted on the PROM programmer.

« Do not touch the socket adapter or the LSI
during the programming. Touching them may affect the quality of the contacts, which will cause
programming errors.
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PROM Reliability after Programming: In general, semiconductor devices retain their reliability,
provided that some initial defects can be excluded. These initial defects can be detected and rejec
screening. Baking devices under high-temperature conditions is one method of screening that can r
eliminate data-hold defects in memory cells. (Refer to the previous Principles of Programming/Era
section.)

ZTAT™ microcomputer devices are extremely reliable because they have been subjected to si
screening method during the wafer fabrication process, but Hitachi recommends that each devi
exposed to 15 at one atmosphere for at least 48 hours after it is programmed, to ensure its
performance. The recommended screening procedure is shown in figure 106.

Note: If programming errors occur continuously during PROM programming, suspend programming
check for problems in the PROM programmer or socket adapter. If programming verificat
indicates errors in programming or after high-temperature exposure, please inform Hitachi.

Programming, verification

Exposure to high temperature, without power
150°C £10°C, 48 h *8 E*

Program read check
VCC =45Vor55V

Note: * Exposure time is measured from when the temperature in the heater reaches 150°C.

Figure 106 Recommended Screening Procedure
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Addressing Modes

RAM Addressing Modes
The MCU has three RAM addressing modes, as shown in figure 107 and described below.

Register Indirect Addressing Mode:The contents of the W, X, and Y registers (10 bits in total) are use
as a RAM address.

Direct Addressing Mode: A direct addressing instruction consists of two words. The first word contail
the opcode, and the contents of the second word (10 bits) are used as a RAM address.

Memory Register Addressing Mode:The memory registers (MR), which are located in 16 addresses frc
$040 to $04F, are accessed with the LAMR and XMRA instructions.

W register X register Y register

Wi Wo X3 X3 X Xo Y3 Yo Yy Yy

/
RAM address APy AP, AP AP. AP_ AP, AP, AP, AP AP,

Register Direct Addressing

1st word of Instruction 2nd word of Instruction

Opcode dg dg d7 dg ds dg d3 dp d; d

/
RAM address APy AP, AP, AP, AP AP, AP, AP, AP, AP,

Direct Addressing

Instruction

Opcode m; m, m; mg

LI T R T

RAM address AP, AP, AP_ AP. AP_ AP, AP, AP, AP, AP/

Memory Register Addressing

Figure 107 RAM Addressing Modes
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ROM Addressing Modes and the P Instruction
The MCU has four ROM addressing modes, as shown in figure 108 and described below.

Direct Addressing Mode: A program can branch to any address in the ROM memory space by execut
the JMPL, BRL, or CALL instruction. Each of these instructions replaces the 14 program counter
(PC,s~PG) with 14-bit immediate data.

Current Page Addressing Mode:The MCU has 64 pages of ROM with 256 words per page. A progra
can branch to any address in the current page by executing the BR instruction. This instruction replac
eight low-order bits of the program counter (PRG) with eight-bit immediate data. If the BR instruction

is on a page boundary (address 256n + 255), executing that instruction transfers the PC contents to tt
physical page, as shown in figure 105. This means that the execution of the BR instruction on a

boundary will make the program branch to the next page.

Note that the HMCS400-series cross macroassembler has an automatic paging feature for ROM page

Zero-Page Addressing ModeA program can branch to the zero-page subroutine area located at $00
$003F by executing the CAL instruction. When the CAL instruction is executed, 6 bits of immediate
are placed in the six low-order bits of the program countegPG), and Os are placed in the eight high-
order bits (PG—PG).

Table Data Addressing Mode:A program can branch to an address determined by the contents of four
immediate data, the accumulator, and the B register by executing the TBR instruction.

P Instruction: ROM data addressed in table data addressing mode can be referenced with the P instrt
as shown in figure 109. If bit 8 of the ROM data is 1, eight bits of ROM data are written to the accumul
and the B register. If bit 9 is 1, eight bits of ROM data are written to the R1 and R2 port output registe
both bits 8 and 9 are 1, ROM data is written to the accumulator and the B register, and also to the R
R2 port output registers at the same time.

The P instruction has no effect on the program counter.
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1st word of instruction 2nd word of instruction
[IMPL] : : : : : : : : : : : : : : :
BRL
{CAL]L] Opcode Ps P2 P1 Po|dg dg d; dg ds d4 d3 dy dy dg
Program counter |PC .PC ,PC, PC,PC, PC,PC, PC, PC.PC, PC,PC, PC, PC,
Direct Addressing
Instruction
[BR] | Opcode | b; bg bs by, by b, by by
‘ ‘ ‘ . ‘ Y vy v Y vy vy v ¥
Program counter PCB‘PClz‘PCn‘PClOIPC9 ‘ PCS‘ PC7‘PC6‘PCS‘PCA‘ PC:,;‘PC2 ‘ PCl‘PC0
Current Page Addressing
Instruction
[CAL] Opcode dg d, dg; d, d; d
o o O O O o0 o0 o
LIS JNK TN TN N R K N N N A |
Program counter  |PC .PC,,PC, PC, PC, PC, PC, PC, PC. . PC, PC,PC, PC, PC,
Zero Page Addressing
Instruction
[TBR] Opcode P P, Py Py
B register Accumulator
By B, B, ‘Bo Ag ‘Az ‘Al ‘Ao
'
Program counter  |PC .PC,,PC,, PC,, PC, PC, PC_PC. PC. PC, PC, PC, PC, PC/
Table Data Addressing
Figure 108 ROM Addressing Modes
124
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Instruction
Opcode
[P] ‘ ‘ p‘ ‘ ‘ Ps ‘ P2 ‘ Py ‘ Po B register Accumulator
By By By By Ay Ay Ay Ag
0 0
# ‘ Y /

Referenced ROM address RARA ,RA RA /RA, RA; RA. RAL RA. RA, RA; RA, RA RA,

Address Designation

ROMdata  |RO, | RO, RO7:RO6 RO, RO4: R031R02 ROlj RO,
B B B

Accumulator, B register |B; B, B, By |A; A, A Aj IfROg =1

ROM data RO, | RO, RO7:RO6 RO, RO4: RO3:RO2 ROlj RO,
I T T

Output registers R1, R2 |R23 R2; R2; R25|R13 R1; R1l; Rlp| IfROg =1

Pattern Output

Figure 109 P Instruction
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K:’ BR AAA
AAA NOP

BR AAA
BR BBB

AN

1l

= BBB NOP

/\/

256 (n—1) + 255
256n

256N + 254
2560 + 255
256 (n + 1)

126

Figure 110 Branching when the Branch Destination is on a Page Boundary
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Instruction Set
The MCU has 101 instructions, classified into the following 10 groups:

* Immediate instructions

» Register-to-register instructions

* RAM addressing instructions

« RAM register instructions

e Arithmetic instructions

e Compare instructions

* RAM bit manipulation instructions
 ROM addressing instructions

* Input/output instructions

« Control instructions

The functions of these instructions are listed in tables 34 to 43, and an opcode map is shown in table

Table 34 Immediate Instructions

Words/
Operation Mnemonic  Operation Code Function Status Cycles
Load A from LAl 1000 1 1 i; i, i i i > A 1/1
immediate
Load B from LBIi 1 00 0 0 0 iy iy ip 1 i~ B 1/1
immediate
Load memory  LMIDi,d 01 1 0 1 0 iy iy iy I i - M 2/2
from d, dg d, d, d; d, d, d, d; d,
immediate
Load memory  LMIIY i 1 01 0 0 21 iy i, ip i i - M, NZ 1/1
from immediate, Y+1-Y
increment Y
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Table 35 Register-Register Instructions

Words/
Operation Mnemonic  Operation Code Function Status Cycles
Load A LAB 0001001000 B - A 1/1
from B
Load B LBA 0011001000 A - B 1/1
from A
Load A LAW* 01 00O0O0O0OO0OO0OTGO W A 2/2*
from W 0 00O0OO0OOOOOTG O
Load A LAY 0010101111 Y - A 1/1
fromY
Load A LASPX 0001101000 SPX - A 1/1
from SPX
Load A LASPY 000101 1000 SPY - A 171
from SPY
Load A LAMR m 100111 mmmm, MR (m) - A 11
from MR
Exchange XMRA m 101111 mgm,mm, MR (M) - A 1/1
MR and A

Note: * Although the LAW and LWA instructions require an operand ($000) in the second word, the
assembler generates it automatically and thus there is no need to specify it explicitly.
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Table 36 RAM Address Instructions

Words/
Operation Mnemonic  Operation Code Function Status Cycles
Load W from LWIi 00111100 i i i->W 1/1
immediate
Load X from LXIi 1 00 0 1 0 iy i, iy i i - X 1/1
immediate
Load Y from LYIi 1 00 0 0 1 iy i, i i i-Y 1/1
immediate
Load W LWA 01 00O0O1O0O0O0OTO AW 2/2*
from A 0 0O0OO0OOOTOOODO
Load X LXA 0011101000 Ao X 1/1
from A
Load Y LYA 0011011000 A-Y 1/1
from A
Increment Y Y 0 00101 1100 Y+1-Y NZ 1/1
Decrement Y DY 0011011111 Y-1-Y NB 1/1
Add AtoY AYY 0001010100 Y+A Y OVF 111
Subtract A SYY 0011010100 Y-A-SY NB 1/1
fromY
Exchange X XSPX 000 O0OOOOO0OUQ 01 X « SPX 1/1
and SPX
Exchange Y XSPY 0 00 0O0O0OO OOT11TO Y - SPY 1/1
and SPY
Exchange X XSPXY 0 00O0OOOTOOTZ121 X o SPX, 1/1
and SPX, Y o SPY
Y and SPY

Note: * Although the LAW and LWA instructions require an operand ($000) in the second word, the

assembler generates it automatically and thus there is no need to specify it explicitly.

RENESAS

129



HD404629R Series

Table 37 RAM Register Instructions

Words/
Operation Mnemonic  Operation Code Function Status Cycles
Load A from LAM 0 01 001 0O0OO0TO M- A 1/1
memory
LAMX 001001 0O0O0O1 M - A,
X o SPX
LAMY 0 01 001 0O0OT1IO M- A,
Y o SPY
LAMXY 0010010011 M - A,
X o SPX,
Y o SPY
Load A from LAMD d 011001 O0O0O0O0 M- A 2/2
memory d, d; d, dg d; d, d, d, d; d,
Load B from LBM 0 00100 O0O0OOTDO M- B 1/1
memory
LBMX 00 01O0O0O0O0OTO0I1 M - B,
X o SPX
LBMY 0 001 0O0O0O0O0ODTI1IO M - B,
Y o SPY
LBMXY 0 00100 O0O0OT11 M - B,
X o SPX,
Y o SPY
Load memory LMA 0010010100 A-M 1/1
from A
LMAX 0 01 00 1 0101 A - M,
X o SPX
LMAY 0 01 0010110 A - M,
Y - SPY
LMAXY 0 01 001 0111 A - M,
X o SPX,
Y o SPY
Load memory LMAD d 011001 0O0O00O0 A-M 2/2
from A d, d; d, d;, d; d, d; d, d;, d,
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Table 37 RAM Register Instructions (cont)

Words/
Operation Mnemonic  Operation Code Function Status Cycles
Load memory LMAIY 000101 00O0O00O0 A - M, NZ 1/1
from A, Y+1-Y
increment Y
LMAIYX 0 00101 00001 A - M,
Y+1-Y,
X o SPX
Load memory LMADY 0 01101 0O0O00O0 A - M, NB 1/1
from A, Y-1-Y
decrement Y
LMADYX 0011010001 A - M,
Y-1-Y,
X o SPX
Exchange XMA 0010O0O0O0OO0OO0OD0O Mo A 1/1
memory
and A
XMAX 0 01 000 O0OO0OUO0O1 M o A,
X o SPX
XMAY 0 01 00O OOTI1TO M o A,
Y - SPY
XMAXY 0 01 000 O0OO0OT11 M o A,
X o SPX,
Y - SPY
Exchange XMAD d 01 100O0O0O0GCO0CO M- A 2/2
memory d, dg d, d; dg d, d, d, d, d,
and A
Exchange XMB 001100 O0O0O0ODO0 Mo B 1/1
memory
and B
XMBX 0 01 100O0O0O0T71 M o B,
X o SPX
XMBY 0 01100 O0O0OT1IO0 M - B,
Y - SPY
XMBXY 0 011 00O0O0T11 M o B,
X o SPX,
Y - SPY
RENESAS
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Table 38 Arithmetic Instructions

Words/

Operation Mnemonic Operation Code Function Status  Cycles
Add immediate to Al i 1 01 0 0 0 iy i, i iy A+i- A OVF 171
A
Increment B B 0001001100 B+1-B NZ 1/1
Decrement B DB 0011001111 B-1-B NB 1/1
Decimal DAA 0010100110 1/1
adjust for addition
Decimal DAS 0010101010 1/1
adjust for
subtraction
Negate A NEGA 0 0011000O0TO0 A+1 S A 1/1
Complement COMB 01 0100O0O0OO0O B-B 1/1
B
Rotate right A ROTR 001010 0O0OO0TGO 1/1
with carry
Rotate left A ROTL 001010 0O0O0T1 1/1
with carry
Set carry SEC 0011101111 1-CA 1/1
Reset carry REC 0011101100 0 - CA 1/1
Test carry TC 0001101111 CA 1/1
Add A to memory AM 0 000O0OO0OOT1O0O00O0 M+A S A OVF 1/1
Add A to memory AMD d 01 000O0T1O0O0TO0 M+A S A OVF 2/2

d, dg d, d, d; d, d; d, d, d,
Add A to memory AMC 0 00O0O0OO0OT11000O0 M+ A+ CA - AOVF 1/1
with carry OVF - CA
Add A to memory AMCD d 0100011000 M+ A+ CA - AOVF 2/2
with carry d, dg d, d, d; d, d; d, d, d, OVF - CA
Subtract A SMC 0010011000 M-A—-CA - ANB 11
from memory NB - CA
with carry
Subtract A SMCDd 0 1 1 001 1000 M-A-CA - ANB 2/2
from memory d, dg d, d, d; d, d; d, d, d, NB - CA
with carry
ORAandB OR 01 0100O01O00O0 AOB - A 1/1
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Table 38 Arithmetic Instructions (cont)

Words/

Operation Mnemonic  Operation Code Status Cycles
AND memory ANM 00100 - A NZ 1/1
with A
AND memory ANMD d 01100 1100 - A NZ 2/2
with A d, d; d, d; d d, d, d, d
OR memory ORM 0 00 0O 11 - A NZ 1/1
with A
OR memory ORMD d 01000 1 1 00 - A NZ 2/2
with A d, d; d, d; d d, d,
EOR memory EORM 000O0O0O1 1100 - A NZ 1/1
with A
EOR memory EORMD d 01 00011100 - A NZ 2/2
with A d, d; d, d;, dg d, d; d, d;, d,
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Table 39 Compare Instructions

Words/

Operation Mnemonic  Operation Code Function Status Cycles
Immediate not  INEM i 0 00 0 1 0 iy iy i i iZM NZ 1/1
equal to
memory
Immediate not INEMDi,d 0 1 0 0 1 O iy i, i I iZM NZ 2/2
equal to d, d; d, d; d; d, d; d, d, d,
memory
Anotequalto ANEM 0 00O0OOOOT1O0TUO0 AzM NZ 1/1
memory
Anotequalto ANEMDd 01 00O0OTO0OT1O0TO0 AzM NZ 2/2
memory d, d; d, dg d; d, d, d, d; d,
B notequalto  BNEM 0 00100O0OT1O0TO0 BzM NZ 1/1
memory
Y notequalto  YNEI 0 00 1 1 1 iy i, iy Iy Y #i NZ 1/1
immediate
Immediate ILEM i 0 00 0 1 1 i iy iy i isM NB 11
less or equal
to memory
Immediate ILEMDi,d 0 1 0 O 1 1 i i, i I isM NB 2/2
less or equal d, dg d, d, d; d, d; d, d, d,
to memory
A less or ALEM 0 00O0OO0OT1O01O0T0O0 A<M NB 1/1
equal to
memory
A less or ALEMD d 01 00O0O1O01O00 A<M NB 2/2
equal to d, d; d, d; d; d, d; d, d, d,
memory
B less or BLEM 0011000100 B<M NB 1/1
equal to
memory
A less or ALEIl i 1 01 0 1 1 i i, iy i A<i NB 1/1
equal to
immediate
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HD404629R Series

Table 40 RAM Bit Manipulation Instructions

Words/

Operation Mnemonic  Operation Code Function Status  Cycles
Set memory bit SEMn 00100001 nn i - M(n) 1/1
Set memory bit SEMDnd 0 1 1 0 0 0 0 1 n; n, i - M(n) 2/2

d, dg d, d; d; d, d, d, d, d,
Reset memory REM n 001 00O 10 nn, 0 - M(n) 1/1
bit
Reset memory REMDnd 0 1 1 0 0 0 1 0 n, n, 0 - M(n) 2/2
bit d, dg d, dg d; d, d; d, d, d,

Test memory bit T™Mn 00100011 nn M (n) 1/1
Test memory bit T™nd 01100011 nn M (n) 2/2
d, dg d, dg d; d, d, d, d, d,

Table 41 ROM Addressing Instructions
Words/

Operation Mnemonic  Operation Code Function Status Cycles
Branch on BR b 1 1 b, bg by b, by b, b, b, 1 1/1
status 1
Long branch BRL u 01 01 1 1 p;p, P P 1 2/2
on status 1 d, dg d, d; d; d, d; d, d, d,
Long jump JMPL u 01 010 1 p;pP, P P 2/2
unconditionally d, dg d, dg d; d, d; d, d, d,
Subroutine jump CAL a 0111 a a, a; a, a; a, 1 1/2
on status 1
Long subroutine CALL u 01 011 0 p;p, P P 1 2/2
jump on status 1 d, dg d, d; d; d, d; d, d, d,
Table branch TBR p 0 01 01 1 p;,p,Pp; Po 1 1/1
Return from RTN 0 00OOT1O0O0TO0OTO 1/3
subroutine
Return from RTNI 0 00O0OOT1QO0TU0T G011 1 IE, ST 1/3
interrupt carry restored
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HD404629R Series

Table 42 Input/Output Instructions

Words/
Operation Mnemonic  Operation Code Function Status Cycles

Set discrete SED 00111 00100 1 - D(Y) 1/1
I/0O latch

Set discrete SEDD m 10111 0 mmmm, 1 - D(m) 1/1
I/O latch
direct

Reset RED 00011 00100 0 - D(Y) 1/1
discrete /O latch

Reset REDD m 1 0011 0 mmmm, 0 - D(m) 1/1
discrete /O latch
direct

Test discrete 1/0 TD 00111 00O0O00O0 D(Y) 11
latch

Test discrete 1/0 TDD m 1. 0101 0 mm,mm, D(m) 1/1
latch direct

Load A LAR m 10010 1 mmmm, R(m) - A 1/1
from R-port
register

Load B LBR m 1 0010 0 mmmm, R(m) - B 1/1
from R-port
register

Load R-port LRAmM 101101 mmmm, A - R(m) 1/1
register
from A

Load R-port LRB m 10110 0 mmmm, B -~ R(m) 1/1
register
from B

Pattern Pp 01101 1 pp,ps Py 1/2
generation
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HD404629R Series

Table 40 Control Instructions

Words/

Operation Mnemonic  Operation Code Function Status Cycles

No operation NOP 0 00 OO OOOODO 1/1
Start serial STS 0101001000 1/1
Standby SBY 0101001100 1/1
mode/Watch

mode*

Stop mode/ STOP 0101001101 1/1
Watch mode

Note: * Only on return from subactive mode.
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HD404629R Series

Table 44 Opcode Map

)
[e5)

0

5| 6

-
o
[EnY
N

R9 3 4

7 8

NOP | XSPX | XSPY |XSPXY| ANEM

AM

ORM

RTN | RTNI ALEM

AMC

EORM

INEM i(4)

ILEM i(4)

LBM(XY) BNEM

LAB

LMAIY(X) ‘ AYY

LASPY]

RED

NEGA‘

LASPX]

TC

YNEI i(4)

XMA(XY) SEM n(2)

REM n(2)

™ n(2)

LAM(XY) LMA(XY)

SMC ‘

ANM

ROTR‘ ROTL‘ ‘ DAA ‘

ons |

LAY

TBR p(4)

XMB(XY) BLEM

LBA

DB

LMADY(X) ‘ 5%

LYA

DY

D ‘ SED

LXA

[ rec |

SEC

LWl i2)

LBI i(4)

LYl i)

LXI i(4)

LAl i(4)

LBR m(4)

LAR m(4)

REDD m(4)

LAMR m(4)

Al i(4)

LMIIY i(4)

TDD m(4)

ALEl i(4)

LRB m(4)

LRA m(4)

SEDD m(4)

'|'|r|'|UOUJ)>©OO\I©U‘IJ>OOI\)HOTIITIUOW:D‘OOO\IO)U'I-hOJI\)HOI

XMRA m(4)

] 1-word/2-cycle R 1-word/3-cycle

instruction instruction

instruction
(2-word/2-cycle)
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HD404629R Series

Table 44 Opcode Map (cont)

R8 1
ROyt 0| 1234|5678 9/Aa[Blc|[D|]E]|F
0| LAW IANEMD AMD ORMD
1] LWA ALEMD AMCD EORMD|
2 INEMD i(4)
3 ILEMD i(4)
4 |comB ‘ OR ‘ ‘ STS ‘ ‘ SBY ‘STOP‘
5 JMPL p(4)
6 CALL p(4)
0|7 BRL p(4)
8 | XMAD SEMD n(2) REMD n(2) TMD n(2)
9 [ LAMD LMADJ SMCDJ ANMDJ
A LMID i(4)
B P p4)
1C
1D CAL a(6)
| E|
F
10|
1 1]
12
13|
14
15|
16|
7
1 ? BR b(8)
19|
A
B
1 C
1D
| E|
F

1] 1-word/2-cycle [ 1-word/3-cycle ] RAMdirectaddress [ | 2-word/2-cycle
instruction instruction instruction instruction
(2-word/2-cycle)
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HD404629R Series

Absolute Maximum Ratings

Item Symbol Value Unit Notes

Supply voltage Ve -0.3to +7.0 \Y,

Programming voltage Vop -0.3t0 +14.0 \% 1

Pin voltage V,; —0.3t0 (V. +0.3) \%

Total permissible input current >, 100 mA 2

Total permissible output current AR 50 mA 3

Maximum input current l, 4 mA 4,5
30 mA 4,6

Maximum output current —l, 4 mA 7,8

Operating temperature Topr —20to +75 °C

Storage temperature Ty -55to +125 °C

Notes: Permanent damage may occur if these absolute maximum ratings are exceeded. Normal

operation must be under the conditions stated in the electrical characteristics tables. If these
conditions are exceeded, the LS| may malfunction or its reliability may be affected.

1. Appliesto D,; (V,p) of the HD4074629.
2. The total permissible input current is the total of input currents simultaneously flowing in from all

the 1/O pins to ground.
The total permissible output current is the total of output currents simultaneously flowing out from

w

V. to all I/O pins.

Applies to RO-R7.
Applies to D,—D,.

©No o~
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The maximum input current is the maximum current flowing from each I/O pin to ground.

The maximum output current is the maximum current flowing out from V. to each 1/O pin.
Applies to D,—~D, and RO-R7.



HD404629R Series

Electrical Characteristics

DC Characteristics (HD404628R, HD4046212R, HD404629R:.¥ = 2.7 to 6.0 V, GND = 0 V,

T, = -20C to +75°C; HD4074629: ;¢ = 2.7

unless otherwise specified)

Item

Symbol

Pin(s)

Min

to 5.5 V, GND

Typ

Max

Unit

=0V, T=-20C to +75C,

Test Condition Notes

Input high Viu
voltage

RESET, SCK,
SI, INT,, INT,
INT,, INT,,

INT,, STOPC,
EVNB, EVND

0.9V

Vet 0.3

\%

0SC,

Ve +0.3

External clock
operation

Input low Vi
voltage

RESET, SCK,
SI, INT,, INT,,
INT,, INT,,

INT,, STOPC,
EVNB, EVND

0.1Ve

osc,

0.3

External clock
operation

Output high Vou
voltage

SCK, SO, TOB,
TOC, TOD

“loy = 0.5 mA

Output low VoL
voltage

SCK, SO, TOB,
TOC, TOD

0.4

lo, = 0.4 MA

1/0 leakage
current

RESET, SCK,
SI, INT,, INT,,
INT,, INT,,

INT,, STOPC,

EVNB, EVND,
0SC,, TOB,
TOC, TOD, SO

1.0

HA

V,=0VtoVee 1

Current lect
dissipation in
active mode

Vee
(HD404628R,
HD4046212R,
HD404629R)

25

5.0

mA

VCC
(HD4074629)

Vee=5.0V, 2,4
fose = 4 MHZ

ICCZ

\/CC
(HD404628R,
HD4046212R,
HD404629R)

0.3

0.9

mA

\/CC
(HD4074629)

0.6

1.8

Vee=3.0V, 2,4
fose = 800 kHz

Current lsgyy
dissipation in
standby mode

\/CC
(HD404628R,
HD4046212R,
HD404629R)

1.0

2.0

mA

\/CC
(HD4074629)

1.2

Ve =5.0V, 3,4
fosc = 4 MHz,
LCD on

|SBY2

\/CC

0.2

0.7

mA

Vec=3.0V, 3,4
fosc = 800 kHz,
LCD on

Notes on next page.
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HD404629R Series

DC Characteristics (HD404628R, HD4046212R, HD404629R:.¥ = 2.7 to 6.0 V, GND = 0 V,
T, = -20C to +75°C; HD4074629: V.. = 2.7 to 5.5 V, GND = 0 V, T = -20C to +75°C,
unless otherwise specified) (cont)

Item Symbol  Pin(s) Min Typ Max Unit  Test Condition Notes
Current lsus Vee — 25 70 HA HD404628R, 4
dissipation in HD4046212R,
subactive mode HD404629R:
Ve =3.0V,
LCD on
32-kHz oscillator
— 70 150 HA HD4074629: 4
Ve =3.0V,
LCD on
32-kHz oscillator
Current lwrer Vee — 15 40 HA Ve =3.0V, 4
dissipation in (HD404628R, LCD on
HD4046212R, 32-kHz oscillator
HD404629R)
Vee — 18 40
(HD4074629)
watch mode hwreo Vee — 5 10 HA Ve =3.0V, 4
(HD404628R, LCD off
HD4046212R, 32-kHz oscillator
HD404629R)
Vee — 8 15
(HD4074629)
Current lstop Vee — 05 5 HA Ve =3.0V, 4
dissipation in (HD404628R, No 32-kHz oscillator
stop mode HD4046212R,
HD404629R)
Vee — 1 10
(HD4074629)
Stop mode Vsrop Vee 2 — ¥— \ No 32-kHz 5

retaining voltage oscillator

Notes: 1. Output buffer current is excluded.
2. lec; @nd I, are the source currents when no 1/O current is flowing while the MCU is in reset state.
Test conditions:  MCU: Reset
Pins:  RESET at V¢ (Ve — 0.3V to Vo)
TEST at Ve (Vee — 0.3V to V)
3. lggy; and lggy, are the source currents when no I/O current is flowing while the MCU timer is operating.
Test conditions: MCU: /O reset
Serial interface stopped
DTMF stopped
Standby mode
Pins: RESET at GND (0 Vto 0.3 V)
TEST at V¢ (Vo — 0.3 V1o V()
4. These are the source currents when no I/O current is flowing.
Test conditions:  Pins:  RESET at GND (0 V to 0.3 V)
TEST at V¢ (Vo — 0.3 V1o V()
Dy, (Vep) at Ve (Ve — 0.3 V to V) for the HD4074629
5. The required voltage for RAM data retention.
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HD404629R Series

I/O Characteristics for Standard Pins (HD404628R, HD4046212R, HD404629R:.y¥ = 2.7 t0 6.0 V,
GND =0V, T,=-20C to +75°C; HD4074629: V., =2.7t0 5.5V, GND =0 V, T=-20C to +75°C,
unless otherwise specified)

Item Symbol  Pin(s) Min Typ Max Unit  Test Condition Notes
Input high Vi Do, D1, 0.7V — Ve +0.3 \Y —
voltage RO-R7
Input low Vi Dy, Dy, -0.3 — 0.3V \% —
voltage RO-R7
Output high Vou RO-R7 Vec—1.0 — — \Y —loy = 0.5 mA
voltage
Output low Voo RO-R7 — — 0.4 \% loo = 0.4 mA
voltage
1/0 leakage o, 0 D,y RO-R7 — — 1 HA Vin =0V to Ve 1
current Dy, — — 1 pA HD404628R, 1
HD4046212R,
HD404629R:
V,=0Vto V.
— — 1 HA HD4074629: 1
Vin = Ve - 0.3V
to Ve
— — 20 MA HD4074629: 1
V,=0V1t0 0.3V
Pull-up MOS —lpy RO-R7 5 30 90 pA Vec=3.0V,
current V,,=0V

Note: 1. Output buffer current is excluded.
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HD404629R Series

I/0 Characteristics for High-Current Pins (HD404628R, HD4046212R, HD404629R: . = 2.7 to
6.0V,GND =0V, T, =-20C to +75C; HD4074629: \|,c =2.7t0 5.5V, GND =0V, T=-20C to
+75°C, unless otherwise specified)

Item Symbol  Pin(s) Min Typ Max Unit  Test Condition Notes

Input high Viy Dy—D, 0.7V — Vg +03 VvV —

voltage

Input low Vi Dy—D, -0.3 — 0.3V \ —

voltage

Output high Vou Dy—D, Vee— 1.0 — — \Y —loy = 0.5mA

voltage

Output low VoL D,—D, — — 0.4 \Y lop = 0.4 mA

voltage — — 20 \ lor =15 MA, 1
Vec=45V106.0V

1/0 leakage o, 0 Dy—D, — — 1 MA V,=0VtoV 2

current

Pull-up MOS —lpy Dy—D, 5 30 90 HA Vec =3V,

current V,=0V

Note: 1. The test condition of HD4074629 is V.. =4.5Vto 5.5 V.

2. Output buffer current is excluded.

LCD Circuit Characteristics (HD404628R, HD4046212R, HD404629R: . = 2.7 to 6.0 V, GND =
0V, T,=-20C to +75°C; HD4074629: \;c =2.7t0 5.5V, GND =0V, T=-20C to +75°C, unless
otherwise specified)

Item Symbol  Pin(s) Min Typ Max Unit Test Condition Notes
Segment driver Vps SEG1-SEG52 — — 0.6 \Y lpp = 3 HA 1
voltage drop
Common driver Voe coM1-COM4  — — 0.3 \ lpp = 3 HA 1
voltage drop
LCD power Ry — 50 300 900 kQ Between V,; and
supply division (HD404628R, GND
resistance HD4046212R,

HD404629R)

— 100 300 900 —

(HD4074629)
LCD voltage Vico Vi 2.7 — Vee \ — 2
Notes: 1. V,s and V. are the voltage drops from power supply pins V,, V,, V,, and GND to each segment

pin and each common pin, respectively.

2. When V., is supplied from an external source, the following relations must be retained:
Vee2V,2V,2V,2GND
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HD404629R Series

DTMF Characteristics (HD404628R, HD4046212R, HD404629R: ¥ = 2.7 to 6.0 V, GND = 0 V,
T, =-20C to +75°C; HD4074629: \[;c = 2.7t0 5.5V, GND =0V, T= -2CC to +75°C, unless
otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Notes
Tone output Vor TONER 500 660 — MV e VT,—GND=20V, 1
voltage (1) R =100 kQ
Tone output Voc TONEC 520 690 — MV e VT,—GND=20V, 1
voltage (2) R, =100 kQ
Tone output Yop1s — — 3 7 % Short circuit 2
distortion between TONER

and TONEC,

R, =100 kQ
Tone output dBg — — 25 — dB Short circuit 2
ratio between TONER

and TONEC,

R =100 kQ

Notes: 1. See figure 106.
2. See figure 107.
3. 400 kHz, 800 kHz, 2 MHz, or 4 MHz can be used as the operating frequency (fosc)-
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HD404629R Series

A/D Converter Characteristics (HD404628R, HD4046212R, HD404629R: ¥ = 2.7 to 6.0 V,
GND =0V, T, = -2C0C to +75°C; HD4074629: \|,c =2.7t0 5.5V, GND =0V, T=-20C to +75°C,
unless otherwise specified)

Item Symbol  Pin(s) Min Typ Max Unit Test Condition Notes
Analog power AV AV . Vee—0.3 Ve V+03 \Y AV 227V
voltage
Analog input AV, AN—AN, AV — AV \ —
voltage
Current between (NS — — — 250 HA Vee = AV =50V
AVc and AVgg (HD404628R,

HD4046212R,

HD404629R)

— — 50 150

(HD4074629)
Analog input CA, AN—AN, — 15 — pF —
capacitance
Resolution — — 8 8 8 Bit —
Number of inputs  — — 0 — 4 Chan- —

nel
Absolute accuracy — — — — +2.0 LSB T,=25°C,
Ve =4.5-55V
Conversion time — — 34 — 67 toye —
Input impedance — AN—AN, 1 — — MQ fosc =1 MHz,
V,,=0.0V
RENESAS
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HD404629R Series

AC Characteristics (HD404628R, HD4046212R, HD404629R: .V =

to
vV, T

6.0 V, GND = 0 V,

T, = —20C to +75°C; HD4074629: .. = 2.7 to 5.5 V, GND = —20C to +75°C,
unless otherwise specified)
Item Symbol  Pin(s) Min Typ Max  Unit Test Condition Notes
Clock oscillation fosc 0SC,, OSC, — 400 — kHz 1/4 division 1
frequency — 800 — kHz 1/4 division 1
— 2 — MHz 1/4 division 1
— 4 — MHz 1/4 division; 1
HD404628,
HD4046212,
HD404629:
Vec=3.0t06.0V
X1, X2 — 32.768 — kHz —
Instruction cycle toye — — 10 — us fosc = 400 kHz
time — 5 — us fosc =800 kHz
— — ps fosc = 2 MHz
— 1 — us fosc = 4 MHz;
HD404628,
HD4046212,
HD404629:
Vec=3.0t06.0V
toubeye — — 24414 — us 32-kHz oscillator,
1/8 division
— 122.07 — us 32-kHz oscillator,
1/4 division
Oscillation tre 0SC,, OSC, — — 7.5 ms Ceramic oscillator 2
stabilization time 0sC,, OSC, — — 30 ms Crystal oscillator
(HD404628R, Vec=3.0t06.0V
HD4046212R,
HD404629R)
X1, X2 — — 3 S T,=-10°Cto 3
+60°C
External clock tepn 0SsC, 1100 — — ns fosc = 400 kHz 4
high width 550 — — ns fosc = 800 kHz 4
215 — — ns fosc = 2 MHz 4
105 — — ns fosc =4 MHz 4
External clock tepL OsC, 1100 — — ns fosc =400 kHz 4
low width 550 — — ns fosc = 800 kHz 4
215 — — ns fosc =2 MHz 4
105 — — ns fosc =4 MHz 4
External clock tepr 0SC, — — 150 ns fosc =400 kHz 4
rise time — — 75 ns fosc = 800 kHz 4
— — 35 ns fosc =2 MHz 4
— — 20 ns fosc =4 MHz 4
Notes on next page.
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HD404629R Series

AC Characteristics (HD404628R, HD4046212R, HD404629R:.¥=2.7t0 6.0 V, GND =0V, T=
—20°C to +75°C; HD4074629: \;,c =2.7t0 5.5V, GND =0V, T=-20C to +75C, unless otherwise
specified) (cont)

Item Symbol Pin(s) Min  Typ Max  Unit Test Condition Notes
External clock tept 0SC, — — 150 ns fosc = 400 kHz 4
fall time — — 75 ns fosc = 800 kHz 4
— — 35 ns fosc =2 MHz 4
— — 20 ns fosc =4 MHz 4
INT,—INT,, EVNB, ty INT,—INT,, 2 — — te/ — 5
EVND high widths EVNB, EVND tubeye
INTy-INT,, EVNB, t, INT,—INT,, 2 — — tel — 5
EVND low widths EVNB, EVND toubeye
RESET high width trsTH RESET 2 — — toye — 6
STOPC low width tsrpL STOPC 1 — — tre — 7
RESET fall time trste RESET — — 20 ms — 6
STOPC rise time tsrpr STOPC — — 20 ms — 7
Input capacitance Ci, All pins — — 15 pF f=1MHz
except D, Vi,=0V,
Dy — — 15 pF HD404628R,
HD4046212R,
HD404629R:
f=1MHz,
V,=0V
— — 180 pF HD4074629:
f=1MHz,
V,=0V

Notes: 1. Be sure to set system clock selection register (SSR) bits SSR1 and SSRO0 to match the system
clock oscillator frequency.
2. Applies to voltage ranges V.. = 3.5 t0 5.5 V for the HD4074629.
3. There are three oscillator stabilization times.
(1) At power on, the time between the point where V. reaches 2.7 V and the point where
oscillation has stabilized.
(2) At clearing stop mode, the time between the point where the RESET pin reaches the high
level and the point where oscillation has stabilized.
(3) At clearing stop mode, the time between the point where the STOPC pin reaches the low level
and the point where oscillation has stabilized.
At power on or when stop mode is cleared, RESET or STOPC must be input for at least t,. to
ensure the oscillation stabilization time.
Since the oscillator stabilization time will depend on circuit constants and stray capacitances,
determine the oscillator by consulting with the oscillator's manufacturer.
Be sure to set miscellaneous register (MIS) bits MIS1 and MIS0 to match the system clock
oscillator stabilization time.
4. Refer to figure 108.

5. Refer to figure 109. The t.,. unit applies when the MCU is in standby or active mode.
The t,,,. unit applies when the MCU is in watch or subactive mode.

6. Refer to figure 110.
7. Refer to figure 111.
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HD404629R Series

Serial Interface Timing Characteristics (HD404628R, HD4046212R, HD404629R .Y = 2.7 t0 6.0 V,
GND =0V, T, = -20C to +75°C; HD4074629: \|.,c =2.7t0 5.5V, GND =0 V, T= -20C to +75°C,
unless otherwise specified)

During Transmit Clock Output

Item Symbol  Pin Min Typ Max Unit  Test Condition Notes

Transmit clock cycle time tseye SCK 1.0 — — toye Load shown in 1
figure 113

Transmit clock high width tsern SCK 05 — — tooye Load shown in 1
figure 113

Transmit clock low width tscke SCK 0.5 — — tseye Load shown in 1
figure 113

Transmit clock rise time tscns SCK — — 200 ns Load shown in 1
figure 113

Transmit clock fall time tocns SCK — — 200 ns Load shown in 1
figure 113

Serial output data Bso SO — — 500 ns Load shown in 1

delay time figure 113

Serial input data tss Sl 300 — — ns — 1

setup time

Serial input data tus) SI 300 — — ns — 1

hold time

Note: 1. Refer to figure 112.

During Transmit Clock Input

Item Symbol  Pin Min Typ Max Unit  Test Condition Notes

Transmit clock cycle time tseye SCK 1.0 — — toye — 1

Transmit clock high width tsoxn SCK 0.5 — — sol - 1

Transmit clock low width tsexe SCK 05 — — tseye 1

Transmit clock rise time tsor SCK — — 200 ns — 1

Transmit clock fall time tsoxs SCK — — 200 ns — 1

Serial output data toso SO — — 500 ns Load shown in 1

delay time figure 113

Serial input data tss Sl 300 — — ns — 1

setup time

Serial input data tus) SI 300 — — ns — 1

hold time

Note: 1. Refer to figure 112.
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HD404629R Series

R, =100 kQ
MW TONEC
R, =100 kQ
MW TONER
e
GND

Figure 111 Tone Output Load Circuit

TONEC
R =100 kQ

Wy

TONER

GND

Figure 112 Distortion and dB Load Circuit

0SC;

Figure 113 External Clock Timing

INTp to INT,,
EVNB, EVND

0.9Vcc

t t
0.1Vee IH IL

Figure 114 Interrupt Timing
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HD404629R Series

Figure 115 Reset Timing

Figure 116 STOPC Timing

t Scyc

tsexs
SCK  Vee — 1.0V (0.9Vo)*
0.4V (0.1Veo)*

tpso —

SO

Sl

Note: * Vcc — 1.0 V and 0.4 V are the threshold voltages for transmit clock output, and
0.9Vcc and 0.1V are the threshold voltages for transmit clock input.

Figure 117 Serial Interface Timing

KENESAS
X 151



HD404629R Series

Vce

R =2.6 kQ
Test
point

30 pF 1520740
or equivalent

a

Figure 118 Timing Load Circuit
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HD404629R Series

Notes on ROM Out
Please pay attention to the following items regarding ROM out.

On ROM out, fill the ROM area indicated below with 1s to create the same data size as a 16-kword ve
(HD404629R). A 16-kword data size is required to change ROM data to mask manufacturing data sinc
program used is for a 16-kword version.

This limitation applies when using an EPROM or a data base.

ROM 8-kword version: ROM 12-kword version:
HD404628R HD4046212R
Address $2000-$3FFF Address $3000-$3FFF
$0000 $0000
Vector address Vector address
$000F $000F
$0010 $0010
Zero-page subroutine Zero-page subroutine
(64 words) (64 words)
$003F $003F
$0040 $0040
Pattern & program Pattern & program
(8,192 words) (12,288 words)
$1FFF $2FFF
$2000 $3000
Not used Not used
$3FFF $3FFF
Fill this area with 1s
RENESAS
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HD404629R Series

HD404628R/HD4046212R/ HD404629R Option List

Please check off the appropriate applications and enter the necessary information.

Date of order / /

Customer

Department

Name

ROM code name

LSI number
(Hitachi entry)

1. ROM Size

O HD404628R 8-kword
O HD4046212R 12-kword
O HD404629R 16-kword

2. Optional Functions

* O  with 32-kHz CPU operation, with time-base for clock

* O without 32-kHz CPU operation, with time-base for clock

O without 32-kHz CPU operation, without time-base for clock

Note: * Options marked with an asterisk require a subsystem crystal oscillator (X1, X2).

3. ROM Code Data Type

Please specify the first type below (the upper bits and lower bits are mixed together), when usin
EPROM on-package microcomputer type (including ZT'AVersion).

O The upper bits and lower bits are mixed together. The upper five bits and lower five bits are programmed to the
same EPROM in alternating order (i.e., LULULU...).

O The upper bits and lower bits are separated. The upper five bits and lower five bits are programmed to different
EPROMs.

System Oscillator (OSC1 and OSC2)

Ceramic oscillator f= MHz

4
O

O crystal oscillator f= MHz
O External clock f= MHz

Stop Mode

Used

oo«

Not used

Package

FP-100A

FP-100B

oono e

TFP-100B
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HD404629R Series

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 docun
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|

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

ent

hav

. 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
quality and reliability or where its failure or malfunction may directly threaten human life or caus
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transporta
traffic, safety equipment or medical equipment for life support.

. Design your application so that the product is used within the ranges guaranteed by Hitachi pa
for maximum rating, operating supply voltage range, heat radiation characteristics, installation

conditions and other characteristics. Hitachi bears no responsibility for failure or damage when
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foresee

hig
€ ris
tion,

ticul

USE
able

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 athel

consequential damage due to operation of the Hitachi product.
. This product is not designed to be radiation resistant.

. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document withc

written approval from Hitachi.

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