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 DRAMs (flash memory, SRAMSs 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, anc
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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Cautions

Keep safety first in your circuit designs!
1.

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is always the possibility that trouble may occur with them. Trouble With

semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable matetial or

(i) prevention against any malfunction or mishap.

Notes regarding these materials
1.

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

esas
ny
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Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any

third-party's rights, originating in the use of any product data, diagrams, charts, programs, algor|
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programg
algorithms represents information on products at the time of publication of these materials, and
subject to change by Renesas Technology Corporation without notice due to product improvem

ithms, or

and
are
ents or

other reasons. It is therefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product infoymation

before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corporation assumes no responsibility for any damage, liability, or other |
rising from these inaccuracies or errors.

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

When using any or all of the information contained in these materials, including product data, d
charts, programs, and algorithms, please be sure to evaluate all information as a total system b
making a final decision on the applicability of the information and products. Renesas Technol
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in
or system that is used under circumstances in which human life is potentially at stake. Please
Renesas Technology Corporation or an authorized Renesas Technology Corporation product d
when considering the use of a product contained herein for any specific purposes, such as app
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.
The prior written approval of Renesas Technology Corporation is hecessary to reprint or reprod
whole or in part these materials.
If these products or technologies are subject to the Japanese export control restrictions, they m
exported under a license from the Japanese government and cannot be imported into a country
than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or thg
country of destination is prohibited.
Please contact Renesas Technology Corporation for further details on these materials or the pn
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HD404328 Series

LENESAS

Rev. 6.0
Sept. 1998

Description

The HD404328 Series is an HMCS400-Series microcomputer designed to increase program productivity
and also to incorporate large-capacity memory. Each microcomputer has an LCD controller/driver, A/D
converter, and zero-crossing detection circuit. Each also has a 32.768-kHz oscillator and low-power
dissipation modes.

The HD404328 Series includes eight chips: the HD404324 and HD404324U with 4-kword ROM; the
HD404326 and HD404326U with 6-kword ROM; the HD404328 and HD404328U with 8-kword ROM,;
the HD4074329 and HD4074329U with 16-kword PROM. The HD404324U, HD404326U, HD404328U
and HD4074329U are designed to reduce current dissipation in subactive mode and watch mode.

The HD4074329 and HD4074329U, which include PROM, are ZTAmicrocomputers that can
dramatically shorten system development periods and smooth the process from debugging to mass
production. (The PROM program specifications are the same as for the 27256.)

Features

* 4,096-wordx 10-bit ROM (HD404324, HD404324U)
6,144-wordx 10-bit ROM (HD404326, HD404326U)

+ 8,192-wordx 10-bit ROM (HD404328, HD404328U)
16,384-wordx 10-bit PROM (HD4074329, HD4074329U)

o 280-digitx 4-bit RAM (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
536-digitx 4-bit RAM (HD4074329, HD4074329U)

» 351/0 pins
O 2 input pins
0 33 input/output pins, including 8 high-current pins (15 mA, max.) and 16 pins multiplexed with

LCD segment pins

» Three timer/counters

» 8-bit clock-synchronous serial interface

» 8-bit x 4-channel A/D converter

» 12digit LCD oontroller/driver (24 SEX54 COM)

(HD404324U, HD404326U, HD404328U, HD4074329U: External LCD voltage division resistors are
required)



HD404328 Series

» Zero-crossing detection circuit
» Eight interrupt sources
0 Two external sources, including one double-edge function
O Six internal sources
* Subroutine stack
0 Up to 16 levels, including interrupts
» Four low-power dissipation modes
O Subactive mode
0 Standby mode
O Watch mode
0 Stop mode
* Built-in oscillator
O Crystal or ceramic oscillator (external clock also enabled)
0 32.768 kHz crystal subclock
* Instruction cycle time: ps (fosc= 4 MHz)
» Two operating modes
0 MCU mode
0 PROM mode (HD4074329, HD4074329U)

ZTATO is a trademark of Hitachi Ltd.

RENESAS



HD404328 Series

Ordering Information

Type Product Name Model Name ROM (Words) RAM (Digits) Package
Mask ROM HD404324 HD404324S 4,096 280 DP-64S
HD404324FS FP-64B
HD404324H FP-64A
HD404326 HD404326S 6,144 DP-64S
HD404326FS FP-64B
HD404326H FP-64A
HD404328 HD404328S 8,192 DP-64S
HD404328FS FP-64B
HD404328H FP-64A
HD404324U* HD404324US 4,096 DP-64S
HD404324UFS FP-64B
HD404324UH FP-64A
HD404326U* HD404326US 6,144 DP-64S
HD404326UFS FP-64B
HD404326UH FP-64A
HD404328U*  HD404328US 8,192 DP-64S
HD404328UFS FP-64B
HD404328UH FP-64A
ZTATO HD4074329 HDA4074329S 16,384 536 DP-64S
HD4074329FS FP-64B
HD4074329U* HD4074329US DP-64S
HDA4074329UFS FP-64B

Note: * Type with external LCD voltage-dividing resistor.

RENESAS



HD404328 Series

Pin Arrangement

vi[]10 64 ] Ve cmaa IO
Vo[ 2 63[_] com4 o8 V2223200
Va3 62[ ] coms ZZzx>>8888646
Avec L 4 61 com2 N000000000000
ANo[] 5 60[_] com1 64 63 62 61 60 59 58 57 56 55 54 53 52
AN;[] 6 59 ] SEG24 AN,[J1 51 |SEG22
AN,[] 7 58] _] SEG23 ANs[]2 50 _]SEG21
ANg[]8 57| ] SEG22 AVss []3 49 ]SEG20
AVss[|9 56] ] SEG21 TEST[ |4 48[ ]SEG19
TEST[ | 10 55[ ] SEG20 osci[]s 47 _1SEG18
osci[]11 54 ] SEG19 0SCz2[|6 46| _|SEG17
0SCz[| 12 53] SEG18 RESET[|7 45 _|R54/SEG16
RESET[] 13 52 ] SEG17 X1[]s 44 ]R5,/SEG15
x1[] 14 51| ] R54/SEG16 x2[]9 FP_64B 43[_]R5,/SEG14
x2[] 15 bp_gas 50 [ 1R5,/SEG15 GND[ |10 42 JR5,/SEG13
GND[] 16 49 ] R5,/SEG14 Do[]11 41[ R4 ,/SEG12
D[ |17 48[ ] R5,/SEG13 D12 40[ _JR4,/SEG11
D,[]18 47[_]R44/SEG12 D,[]13 39[ ]R4,/SEG10
D,[]19 46[ ] R4,/SEG11 Dy[14 38[_]R4,/SEG9
D[] 20 45[ ] R4,/SEG10 D,[|15 37| _]R3,/SEGS
D[] 21 44] ] R4,/SEGY Ds[|16 36] _|R3,/SEG7
D522 43[ ] R3,/SEGS8 Dg[|17 35 _]R3,/SEG6
D[] 23 42[ | R3,/SEG7 D,[]18 34[ _]R3,/SEG5
D,[] 24 41| ] R3,/SEG6 *[]19 33[_]R2,/SEG4
*[] 25 40[T] R3,/SEGS 20 21 22 23 24 25 26 27 28 29 30 31 32
Do/INTo [] 26 39[ ] R2,/SEG4 I O
Dao/INT; [] 27 38[_] R2,/SEG3 F»—”g"g:g?gz’)é GQNCO3
RO, 28 37[JR2,/SEG2 €< ISR 0D
RO, [ 29 36[ ] R2,/SEG1 o5 7 EodJQ
Ro,[| 30 35 ] R1s/BUZZ oo
RO;[] 31 34[ ] R1,/SO _
R1,/SCK] 32 33 JRL/SI Note: * Dg/ZCD/EVENT
o soudg QY
ZZ2ZZ% oo 8% 3353 it gt
Aa W a el
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
AVgs[]1 48] ]SEG21
TEST[ ]2 47 _]SEG20
osc,[]3 46| _]SEG19
0sc,[]4 45 _]SEG18
RESET[]5 44[1SEG17
x1[]e 43[1R5,/SEG16
x2[]7 42| _]RS5,/SEG15
GND[]8 41[]RS5, /SEG14
FP—64A
Do[]9 40[1R5,/SEG13
D,[]10 39[_JR4,/SEG12
D11 38 _]R4,/SEG11
Ds[]12 37[_1R4, /SEG10
D,[]13 36]_JR4,/SEG9
Dgs[]14 35 _]R3,/SEG8
Dg[]15 34[]R3,/SEG7
D,[]16 33[ ]R3, /SEG6
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
I O O [
* O = O + N oY = NN M W0
EESEesg288a8358
>0 oLV nnn
og E SIS TS
rreeoo
(top view)
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HD404328 Series

Pin Description

Pin Number
DP-64S

Item Symbol DC-64S FP-64B FP-64A I/O  Function

Power Ve 64 58 56 Applies power voltage

supply

GND 16 10 8 Connected to ground

Test TEST 10 4 2 Used for factory testing only; connect
this pin to V¢

Reset RESET 13 7 5 I Resets the MCU

Oscillator OSC, 11 5 3 I Input/output pins for the internal
oscillator circuit; connect them to a
crystal, ceramic, or external oscillator
circuit

OSC, 12 6 4 (0]

X1 14 8 6 I Used for a 32.768-kHz crystal for
clock purposes; if not used, fix X1 to
V. and leave X2 open

X2 15 9 7 (0]

Port DDy 17-25 11-19 9-17 I/O  Input/output ports addressed by
individual bits; pins D,—D, are high-
current pins that can each supply up
to 15 mA

D, Dy 26, 27 20,21 18, 19 Input ports addressable by individual
bits

RO,—R5, 28-51 22-45 20-43 I/O  Input/output ports addressable in 4-
bit units

Interrupt ~ INT,, INT, 26, 27 20, 21 18, 19 [ Input pins for external interrupts

Serial SCK 32 26 24 I/O  Serial interface clock input/output pin

interface

Sl 33 27 25 I Serial interface receive data input pin
SO 34 28 26 (0] Serial interface transmit data output
pin

Buzzer BUzz 35 29 27 (0] Buzzer signal output pin

LCD V., V,, V, 1-3 59-61 57-59 Power pins for LCD driver; can be left

open in operation because they are
connected by internal voltage division
resistors (except for HD404324U,
HD404326U, HD404328U and
HD4074329U) Voltage conditions
are: V. 2V,2V, 2V, 2GND

COM1-COM4 60-63 54-57 52-55 (0] Common signal pins for LCD
SEG1-SEG24 36-59 30-53 28-51 (0] Segment signal pins for LCD

RENESAS



HD404328 Series

Pin Number
DP-64S
Item Symbol DC-64S FP-64B FP-64A I/O  Function
A/ID AV 4 62 60 Power pin for A/D converter; connect
converter it to the same potential as V., as
physically close as possible to the
power source
AV 9 3 1 Ground for AV.; connect it to the
same potential as GND, as physically
close as possible to the power source
AN—AN, 5-8 63,64,1, 61-64 Analog input pins for 4-channel A/D
2 converter
Zero- ZCD 25 19 17 Zero-crossing detection input pin
crossing
detection
Counter EVENT 25 19 17 Event count input pin
RENESAS



HD404328 Series

Block Diagram

—
W | < o
0 ln O O =
ww 7.3 z
o ‘n"'—J 60 XKLPE
] _Y Y vy [l vI]vVvy ] ™o !
INTo - — | System control | D 3
Interru;?t -{sDp |
o | contro o |
INTy RAM ™Dz
(280 x 4 bits) C> - =D, |
(536 x 4 bits) | £ lwtaDs |
— 2| el Ds |
Timer A ar I
] w <07
(2 bits) - > Dg
- Do
] X L |- D1o
EVENT —»| TimerB Q (4 bits)
i SPX ?< » ROp
Timer C Q (4 bits) @ 8 » ROy
8 -t » RO2
\% il » RO3
Sl (4 bits) [ |- = R1g
SO Serial Q E_ » R1;
interface - = R1;
SCK = E X - = Rl3
1%} P 4} [ |- » R2
AVss L a kot SP_Y a 5 - RZO
ANg < o (4 bits) « o R2l
o © © © INE - 2
AN7 —{»  AD Q S| E © |2 | » R2;
AN> »| converter g £ g _ es
— Q [ — [ - 0
AN3 = £ s » R3;
AVee == cPU C AR
[ | » R33
& ALU =] - Rio
BUZZ -= =
Buzzer @ 5 | » R4y
. < » R4,
{ =] > R43
[ - » R5g
Zero- |— ST CA | 4 - g - » R51
ZCD | crossing (@ bit) | | (2 bit) @ ey » RS,
detection [ | T e » R53
A S I
(4 bits)
B Data bus
(4 bits) C>
Vi -
Va2 g SP
V3 - (10 bits) Large-current pins
COM1 = o ;
COM2 —= Instruction PC
COM3 = LeD decoder (14 bits)
COM4 —~= A Directional
driver/ . .
SEG1 —= signal line
D controller - -
SEG2 : ROM
SE_G3 - (4,096 x 10 bits)
: (6,144 x 10 bits)
. (8,192 x 10 bits)
SEG23 = (16,384 x10 bits)
SEG24 =

RENESAS



HD404328 Series

Memory Map

ROM Memory Map

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

15
16

63
64

4095
4096

6143
6144

8191
8192

16383

Vector address

Zero-page subroutine
(64 words)

Pattern
(4,096 words)
HD404324,
HD404324U program
(4,096 words)

HD404326,
HD404326U program
(6,144 words)

HD404328,
HD404328U program
(8,192 words)

HD4074329,
HD4074329U program
(16,384 words)

$0000

$000F
0010

$003F
$0040

$OFFF
$1000

$17FF
$1800

$1FFF
$2000

$3FFF

© 0 N o g s~ W N PP O

[ N S S
a b W N B O

JMPL instruction
(jump to reset routine)

JMPL instruction
(jump to INTo routine)

JMPL instruction
(jump to INT1 routine)

JMPL instruction
(jump to timer A routine)

JMPL instruction
(jump to timer B routine)

JMPL instruction
(jump to timer C routine)

JMPL instruction
(jump to ZCD routine)

| JMPL instruction
(jump to A/D, serial routines)

$0000
$0001
$0002
$0003
$0004
$0005
$0006
$0007
$0008
$0009
$000A
$000B
$000C
$000D
$000E
$000F

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

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

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 (HD404324, HD404324U: $0000-$0FFF; HD404326, HD404326U: $0000-$17FF;
HD404328, HD404328U: $0000-$1FFF; HD4074329, HD4074329U: $0000—$3FR¥ed for program

coding.

RENESAS




HD404328 Series

RAM Memory Map

The MPU contains a 280-digx 4-bit (HD404324, HD404324U, HD404326, HD404326U, HD404328,
HD404328U) or 536-digik 4-bit (HD4074329, HD4074329U) RAM area consisting of a data area and a
stack area. In addition, interrupt control bits and special registers are mapped onto the same RAM memory
space outside this area. The RAM memory map is shown in figure 2 and described below.

0 RAM-maprd_ registers $000 2 ) iggg
63 (64 digits) $03F 5 Interrupt control bits area $002
64 ) $040 3 $003

Memory registers (MR) 4 | Port mode register A (PMRA) 1 W | $004
79 (16 digits) $04F 5 [ Serial mode register (SMR) ' W | $005
80 ] $050 6 | Serial data register, lower (SRL) ! R/W | $006
LCD display area 7 | Serial data register, upper (SRU) ; R/W | $007
103 (24 digits) $067 8| Timer mode register A (TMA) T W | $008
104 $068 9 | Timer mode register B (TMB) 1 W | $009
Not used *Timer B (TCBL/TLRL) ' R/W | $00A
111 $06F (TCBU/TLRU) 'R/W | $00B
112 $070 Miscellaneous register (MIS) | W [ $00C
Data, Timer mode register C (TMC) i W | $00D
287 (176 digits) $11F . (TCCLITCRL) |R/W | $00E
288 $120 Timer C (TCCU/TCRU) | RIW | $00F
Data Interrupt mode register (IMR) ' W |$010
(256 digits) Port mode register B (PMRB) | W |$011
543 $21F Port mode register C (PMRC) | W | $012
544 $220 LCD control register (LCR) | W |$013
Not used LCD mode register (LMR) ' W _|$014
LCD output register (LOR) ! W [$015
959 $3BF A/D mode register (AMR) | W |$016
960 $3C0 A/D data register, lower (ADRL) i R | $017
Stack A/ID data register, upper (ADRU) i R |$018
64 digits
1023 (64 dlgts) $3FF Not used
. $020
Shaded area can only be Register flag area $023
used by the HD4074329, and Not used
HD4074329U
Port RO DCR (DCRO) | w | $030
Port R1 DCR (DCR1) | w_|$031
Port R2 DCR (DCR2) | w_|$032
Port R3 DCR (DCR3) ; W |$033
Port R4 DCR (DCR4) | w | $034
R: Read only Port R5 DCR (DCR5) | w_|$035
W: Write only Not used
R/W: Read/write .
Port D-D; DCR (DCRB) | W | $03B
Note: * Two registers mapped on the 60| Port B,-D; DCR (DCRC) | w_ | $03C
same area 61 [ Port D; DCR (DCRD) | w_ | $03D
gg Not used iggg
Timer/even(tTCé)glr_l;er B, lower i R Timer Ioad({_i%iit)er B, lower i w | s00a
Timer/even(t_r(é);lr]t)er B, upper i R Timer Ioad(_:_(le_gl]_\i’sdt)er B, upper i w | so0B
1 1
Timer counter C, lower | Timer load register C, lower i w
(Tccl) i R (TCRL) 1 W | s00E
Timer counter C, upper i Timer load register C, upper H
(TCCU) P R (TCRU) 1 W | s00F

Figure 2 RAM Memory Map

RENESAS



HD404328 Series

Interrupt Control Bits Area and Register Flag Area ($000-$003, $020-$023)Used for interrupt

control bits and the bit register (figure 3). This area can be accessed only by RAM bit manipulation
instructions. In addition, note that the interrupt request flag cannot be set by software, the RSP bit is used
only to reset the stack ppointer, and the WDON flag can be set only by the SEM and SEMD instructions.

Special Function Registers Area ($004-$01F, $024-$03F)Jsed as mode registers for external
interrupts, serial interface, and timer/counters, and as data registers and as data control registers for 1/0
ports. As shown in figure 2, these registers can be classified into three types: write-only, read-only, and
read/write. The SEM, SEMD, REM, and REMD instructions can be used for the LCD control register
(LCR), but RAM bit manipulation instructions cannot be used for other registers.

LCD Data Area ($050-$067): Used for storing LCD data which is automatically output to LCD segments
as display data. Data 1 lights the corresponding LCD segment; data O extinguishes it.

Data Area (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U: $040-$04F
and $070-$11F, HD4074329, HD4074329U: $040-$04F and $070-$21Re memory registers (MR),
which consist of 16 digits ($040-$04F), can be accessed by the LAMR and XMRA instructions. Its
structure is shown in figure 4.

Stack Area ($3C0-$3FF): Used for saving the contents of the program counter (PC), status flag (ST), and
carry flag (CA) at subroutine calls (CAL, CALL) and interrupts. This area can be used as a 16-level
nesting subroutine stack in which one level requires four digits. The data to be saved and the save
conditions are shown in figure 4.

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

RENESAS
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Bit 3 Bit 2 Bit 1 Bit 0
IMO IFO RSP IE
0 (IM of INTp) (IF of INTy) (Reset SP bit) (Interrupt enable flag)
IMTA IFTA M1 IF1
1 (IM of timer A) (IF of timer A) (IM of INT}) (IF of INTy)
IMTC IFTC IMTB IFTB
2| (IM of timer C) (IF of timer C) (IM of timer B) (IF of timer B)
IMAD IFAD IMZC IFZC
3 (IM of A/D) (IF of A/ID) (IM of ZCD) (IF of ZCD)
32| DTON ADSF WDON LSON
(Direct transfer on flag) (A/D start flag) (Watchdog on flag) | (Low speed on flag)
33
Not used
34
35 IMS IFS

(IM of serial interface)

(IF of serial interface)

IF: Interrupt request flag

IM: Interrupt mask

IE: Interrupt enable flag

SP: Stack pointer

$000
$001
$002

$003

$020
$021
$022

$023

Note: Bits in the interrupt control bits area and register flag area are set by the SEM or SEMD instruction,

reset by the REM or REMD instruction, and tested by the TM or TMD instruction. Other

instructions have no effect.
However, note the following usage limitations of RAM bit manipulation instructions.

Used in subactive mode

SEM/SEMD REM/REMD TM/TMD

IF Not executed Allowed Allowed
RSP Not executed Allowed Inhibited
WDON Allowed Not executed Inhibited
DTON Not executed in active mode Allowed Allowed

Note: WDON is reset by MCU reset.
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 3 Configuration of Interrupt Control Bits and Register Flag Areas
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Memory registers

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

MR (0) | $040 960

MR (1) | $041

MR (2) | $042

MR (3) | $043

MR (4) | $044

MR (5) | $045

MR (6) | $046

MR (7) | $047

MR (8) | $048

MR (9) | $049

MR (10) | $04A

MR (11) | $04B

MR (12) | $04C

MR (13) | $04D

MR (14) | $04E

MR (15) | $04F 1023

PC13—-PCy: Program counter

ST: Status flag
CA: Carry flag

Stack area

Level 16
Level 15
Level 14
Level 13
Level 12
Level 11
Level 10
Level 9
Level 8
Level 7
Level 6
Level 5
Level 4
Level 3
Level 2
Level 1

$3C0

$3FF

1020

1021

1022

1023

Bit 3

ST

CA

$3FC
$3FD
$3FE

$3FF

12

Figure 4 Configuration of Memory Registers and Stack Area, and Stack Position
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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 5 and described
below.

3 0
Accumulator Initial value: Undefined, R/W (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/IW (CA)
0
Status Initial value: 1, no R/IW (ST)
Program counter 13 0
Initial value: 0, (PC)
no R/W
9 5 0
Stack pointer
Initial value: $3FF, no R/W ol I I (SP)

Figure 5 Registers and Flags
Accumulator (A), B Register (B): Four-bit registers used to hold results from the arithmetic logic unit

(ALU) and transfer data between memory, 1/O, and other registers.

RENESAS
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W Register (W), X Register (X), Y Register (Y): Two-bit (W) and four-bit (X and Y) registers used for
indirect RAM addressing. The Y register is also used for D-port addressing.

SPX Register (SPX), SPY Register (SPY)Four-bit registers used to supplement the X and Y registers.

Carry Flag (CA): One-bit flag that stores any ALU overflow generated by an arithmetic operation. CA is
affected by the SEC, REC, ROTL, and ROTR instructions. A carry is pushed onto the stack during an
interrupt and popped from the stack by the RTNI instruction—but not by the RTN instruction.

Status Flag (ST): One-bit flag that latches any overflow generated by an arithmetic or compare
instruction, not-zero decision from the ALU, or result of a bit test. ST is used as a branch condition of the
BR, BRL, CAL, and CALL instructions. The contents of ST remain unchanged until the next arithmetic,
compare, or bit test instruction is executed, but become 1 after the BR, BRL, CAL, or CALL instruction is
read, regardless of whether the instruction is executed or skipped. The contents of ST are pushed onto the
stack during an interrupt and popped from the stack by the RTNI instruction—but not by the RTN
instruction.

Program Counter (PC): A 14-bit counter that points to the ROM address of the instruction being
executed.

Stack Pointer (SP): Ten-bit pointer that contains the address of the stack area to be used next. The SP is
initialized to $3FF by MCU reset, is decremented by 4 when data is pushed onto the stack, and is
incremented by 4 when data is popped from the stack. Since the top four bits of the SP are fixed at 1111, a
stack of up to 16 levels can be used.

The SP can be initialized to $3FF in another way: by resetting the RSP bit with the REM or REMD
instruction.

RENESAS
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Reset

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

Initial values after MCU reset are shown in table 1.

Table 1 Initial Values After MCU Reset

Item Abbr. Initial Value  Contents
Program counter (PC) $0000 Indicates program execution point from
start 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
1/0 Port data register (PDR) All bits 1 Enables output at level 1
Data control register (DCR) All bits 0 Turns output buffer off (to high
impedance)
Port mode register A (PMRA) 0000 Refer to description of port mode register
A
Port mode register B (PMRB) --00 Refer to description of port mode register
B
Port mode register C (PMRC) 0000 Refer to description of port mode register
C
Interrupt mode (IMR) 0000 Refer to description of interrupt mode
register register
Timer/ Timer mode (TMA) 0000 Refer to description of timer mode
counters, serial register A register A
interface
Timer mode (TMB) 0000 Refer to description of timer mode
register B register B
Timer mode (TMC) 0000 Refer to description of timer mode
register C register C
Serial mode register (SMR) 0000 Refer to description of serial mode
register
Prescaler S $000 —
Prescaler W $00 —
Timer counter A (TCA) $00 —
Timer counter B (TCB) $00 —
RENESAS
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Item Abbr. Initial Value  Contents
Timer/ Timer counter C (TCC) $00 —
counters, serial
interface
Timer load register B (TLR) $00 —
Timer load register C (TCR) $00 —
Octal counter 000 —
A/D A/D mode register (AMR) 00-0 Refer to description of A/D mode register
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  (LOR) 0000 Refer to description of LCD output
register
Bit register Low speed on flag (LSON) O Refer to description of low-power
dissipation modes
Watchdog timer on (WDON) 0 Refer to description of timer C
flag
A/D start flag (ADSF) O Refer to description of A/D converter
Direct transfer on flag (DTON) 0 Refer to description of low-power
dissipation modes
Miscellaneous register (MIS) 0000 Refer to description of miscellaneous

register

Note: The statuses of other registers and flags after MCU reset are as follows:

Status After Cancellation of

Status After Cancellation of all
Other Types of Modes by MCU

Item Abbr. Stop Mode by MCU Reset Reset

Carry flag (CA) Pre-MCU-reset values are not Pre-MCU-reset values are not
guaranteed: values must be guaranteed: values must be
initialized by program initialized by program

Accumulator (A)

B register (B)

W register (W)

XI/SPX register (XISPX)

Y/SPY register (Y/SPY)

Serial data register  (SR)

A/D data register

(ADRL, ADRU)

RAM

Pre-MCU-reset (pre-STOP-
instruction) values are retained

16
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Interrupts

The MCU has eight interrupt sources: two external sighlE,(and INT,), three timer/counters (timer A,
timer B, and timer C), serial interface, zero-crossing detection, and A/D converter.

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

Vector addresses are shared by serial interface and A/D converter interrupt causes, so software must first
check which type of request has occurred.

Interrupt Control Bits and Interrupt Servicing: Locations $000—-$003 and $020-$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 flag
(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 6, interrupt priorities and vector
addresses are listed in table 2, and interrupt processing conditions for the eight interrupt sources are listed
in 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, the
interrupt is processed. Priority control logic generates the vector address assigned to that interrupt source.

The interrupt processing sequence is shown in figure 7 and an interrupt processing flowchart is shown in
figure 8. After an interrupt is acknowledged, the previous instruction is completed in the first cycle. The
IE is reset in the second cycle, the carry flag, status flag, and program counter values are pushed onto the
stack during the second and third cycles, and the program jumps to the vector address to execute the
instruction in the third cycle.

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

RENESAS
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$000, 0

INT, interrupt

@0
S
S
S
w
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INT, interrupt
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[uy

Timer A interrupt | IFTA

!

Timer B interrupt | IFTB

@
S
S
o
N

!

Timer C interrupt | IFTC

@
S
<}
N
w

$003,
ZCD interrupt | IFZC

o

)

@
o
S
w
i

©»
S
S
@
N

A/D interrupt | IFAD

)

-

¢ Push PC/CA/ST
* Reset IE

Sequence control

« Jump to vector address

Priority control logic

> Vector
e
|, address

@
S
S
@
w

E
>
O

UUERY kﬁ WJ kﬁ

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

$023, 2

$023, 3

Serial interrupt

Figure 6 Block Diagram of Interrupt Control Circuit
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Table 2 Vector Addresses and Interrupt Priorities
Reset/Interrupt Priority Vector Address
RESET — $0000
INT, 1 $0002
INT, 2 $0004
Timer A 3 $0006
Timer B 4 $0008
Timer C 5 $000A
ZCD 6 $000C
A/D, Serial 7 $000E
Table 3 Interrupt Processing and Activation Conditions

Interrupt Cause

Interrupt L

Control Bit INT, INT, Timer A Timer B Timer C ZCD A/D, Serial
IE 1 1 1 1 1 1 1
IFOIMO 1 0 0 0 0 0 0
IF1TMT * 1 0 0 0 0 0
IFTA IMTA * * 1 0 0 0 0
IFTBIMTB * * * 1 0 0 0
IFTC IMTC * * * * 1 0 0
IFZC IMZC * * * * J 1 0
|FAD'MW+ * * * * * * 1
IFSTMS

Note: Bits marked * can be either 0 or 1. Their values have no effect on operation.

RENESAS
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Instruction cycles

\ ! | 2 | 3 | 4 | > °
\ | | | |
Instruction
execution
. Stacking;
Interrupt : '
p Stacking; vector address
acceptance IE reset .
generation

Execution of IMPL
instruction at vector address

The stack is accessed and the IE reset after the instruction
is executed, even if it is a two-cycle instruction.

Execution of
instruction at
start address
of interrupt
routine

Figure 7 Interrupt Processing Sequence

RENESAS

20




HD404328 Series

Power on

RESET=17?

No

Yes Interrupt Yes
request?
N
NoT< ° IE =17
Reset MCU Yes
Execute instruction Accept interrupt
‘ \
IE~0
Stack ~ (PC)
PC - (PC)+1
(PC) Stack « (CA)
Stack ~ (ST)
. INTo
PC ~ $0002 interrupt?
~ PC ~ $0004
_ Timer A
PC — $0006 interrupt?
Yes Timer B
- PC . $0008 interrupt?
Timer C
PC — $000A interrupt?
A ZCD
PC - $000C interrupt?
-~ PC — $000E
$ (A/D, serial interrupt)

Figure 8 Interrupt Processing Flowchart
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Interrupt Enable Flag (IE: $000, Bit 0): Controls the entire interrupt process. It is reset by the interrupt
processing and set by the RTNI instruction, as shown in table 4.

Table 4 Interrupt Enable Flag

IE Interrupt Enabled/Disabled
0 Disabled

Enabled

External Interrupts (INT,, INT,): Specified by port mode register A (PMRA: $004).

External Interrupt Request Flags (IFO: $000, Bit 2; IF1: $001, Bit 0): Set at the rising or falling
edges of thé&NT, and INT, inputs, as shown in table 5.

Table 5 External Interrupt Request Flags

IFO, IF1 Interrupt Request
0 No
1 Yes

IFO is set at the falling edge of signals inpulN,, and IF1 is set at the rising and falling edges of signals
input to INT,. The INT, interrupt edge is selected by the interrupt mode register (IMR: $010), as shown in
figure 9.

Interrupt mode register (IMR): $010

3 2 1 0 Initial value: 0000, R/W: W

INT; detection edge selection

ZCD detection edge selection

IMR IMR
- - ZCD Detection Edge - - INT, Detection Edge
Bit 3 Bit 2 Bit 1 Bit 0
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

Figure 9 Interrupt Mode Register

RENESAS
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External Interrupt Masks (IMO: $000, Bit 3; IM1: $001, Bit 1): Prevent (mask) interrupt requests
caused by the corresponding external interrupt request flags, as shown in table 6.

Table 6 External Interrupt Masks
IMO, IM1 Interrupt Request

0 Enabled

1 Disabled (Masked)

Timer A Interrupt Request Flag (IFTA: $001, Bit 2): Set by overflow output from timer A, as shown
in table 7.

Table 7 Timer A Interrupt Request Flag

IFTA Interrupt Request
0 No
1 Yes

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

Table 8 Timer A Interrupt Mask

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 shown in
table 9.

Table 9 Timer B Interrupt Request Flag

IFTB Interrupt Request
0 No
1 Yes

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

Table 10  Timer B Interrupt Mask

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 shown in
table 11.

Table 11  Timer C Interrupt Request Flag

IFTC Interrupt Request
0 No
1 Yes

Timer C Interrupt Mask (IMTC: $002, Bit 3): Prevents (masks) an interrupt request caused by the
timer C interrupt request flag, as shown in table 12.

Table 12  Timer C Interrupt Mask

IMTC Interrupt Request
0 Enabled
1 Disabled (Masked)

Zero-Crossing Interrupt Request Flag (IFZC: $003, Bit 0): Set by a zero crossing of an AC input
signal, as shown in table 13. The interrupt edge is selected by the interrupt mode register (IMR: $010), as
shown in figure 9.

Table 13 Zero-Crossing Interrupt Request Flag

IFZC Interrupt Request
0 No
1 Yes

Zero-Crossing Interrupt Mask (IMZC: $003, Bit 1): Prevents (masks) an interrupt request caused by
the zero-crossing interrupt request flag, as shown in table 14.
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Table 14  Zero-Crossing Interrupt Mask

IMzC 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 shown in
table 15.

Table 15  A/D Interrupt Request Flag

IFAD Interrupt Request
0 No
1 Yes

A/D Interrupt Mask (IMAD: $003, Bit 3): Prevents (masks) an interrupt request caused by the A/D
interrupt request flag, as shown in table 16.

Table 16  A/D Interrupt Mask

IMAD Interrupt Request
0 Enabled
1 Disabled (Masked)

Serial Interrupt Request Flag (IFS: $023, Bit 2): Set when the octal counter counts the eighth transmit
clock signal or when data transfer is discontinued by resetting the octal counter (table 17).

Table 17  Serial Interrupt Request Flag

IFS Interrupt Request
0 No
1 Yes

Serial Interrupt Mask (IMS: $023, Bit 3): Prevents (masks) an interrupt request caused by the serial
interrupt request flag, as shown in table 18.

Table 18  Serial Interrupt Mask

IMS Interrupt Request
0 Enabled
1 Disabled (Masked)

RENESAS
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Operating Modes

The MCU has five operating modes that are specified by how the clock is used. The functions available in
each mode are listed in table 19, and operations are shown in table 20. Transitions between operating
modes are shown in figure 10.

Table 19  Functions Available in Each Operating Mode

Mode Name
Active Standby Stop Watch Subactive ™
Activation method RESET SBY TMA3 =0 TMA3 =1 INT, or timer
cancellation, instruction STOP STOP A interrupt
interrupt instruction instruction request from
request watch mode
Status System OoP OoP Stopped Stopped Stopped
oscillator
Subsystem OP OP * OP OoP OoP
oscillator
Instruction OP Stopped Stopped Stopped oP
execution
(gCPU)
Interrupt oP OoP Stopped Stopped *°OP
function
interrupt (Zpex)
Clock function OP oP Stopped *2 OP *?0P
interrupt (2.,
RAM OoP Retained Retained Retained OoP
Registers/flags OP Retained Reset*® Retained Retained/
operating
1’0 OoP Retained Reset*? Retained OoP
Cancellation method RESET input, RESET input RESET input RESET input, RESET input,
STOP/SBY interrupt INT, ortimer STOP/SBY
instruction request A interrupt instruction

request

Notes: OP: indicates in operation
1. To reduce current dissipation, stop all oscillation in external circuits.
Refer to the Interrupt Frame section for details.
Qutput pins are at high impedance.
Subactive mode is an optional function; specify it on the function option list.
The A/D converter does not operate.
Port mode register B retains the contents it had in active mode.

o0 MWD
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System Clock (8 )

Operating Stopped
Non-Time-Base Operating Active mode Standby mode
Peripheral Function
Clock (@ per)

Subactive mode
Stopped — Watch mode (TMA3 = 1)
Stop mode (TMA3 = 0)

Table 20  Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode ~ *®
CPU Reset Retained Retained OoP
RAM Retained Retained Retained OoP
Timer A Reset OP OP OP
Timer B Reset Stopped OoP OoP
Timer C Reset Stopped OoP OoP
Serial interface Reset Stopped*® OP OoP
LCD Reset OP OoP OP

1’0 Reset** Retained Retained OoP

A/D Reset Stopped OoP Stopped
Zero-crossing Stopped** Stopped** OP OoP
detection

Notes: OP: indicates 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. The bias circuits still operate when the D,/ZCD/EVENT pin is set to ZCD.
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Reset
Standby mode Active mode Stop mode
prrmsemesesssesoooeoo ‘ i B ‘ (TMA3 = 0)
| Bosc: Operating || SBY (standby) | | @osc: Operating | : gosc: Stopped
fx: Operating |7 ! fx: Operating | . STOP fx: Operating
| depu Stopped : | Zcpu: feye @cpu: Stopped
| Zeik: feye : > Zoik: foye : gcLk. Stopped
" | #pER: foye - Interrupt 1 gpep: foye ‘ gper: Stopped
| | 1 (TMA3=0)
| | | ! Watch mode
3 1 L (TMA3 =1) ! ' (TMA3 =1, LSON = 0);
' | Bosc: Operating iSBY (standby)! | osc: Operating |;  STOP | @osc: Stopped 1
fx: Operating | ! fx: Operating | |NT, ; fx: Operating |
' | gcpu: Stopped || | Zcput feye ' time-base*1 | | @cpu: Stopped |
' | Bewk fsus : = gk fsus 4 | Powk fsus j
| BpeR: foyc - Interrupt | gpeg: foye ! ! | grer: Stopped
! B ‘ : ‘
”””””””””””””””””””””” *3 |
Subactive|mode stop | (TMA3=1,LSON =1)
gosc: Main oscillation frequency osc- Stopped | Posc: Stopped | |
) - fx: Operating e ! fx: Operating | !
fx: Suboscillation frequency, Beor § INTY, ! Feo 1 Stooped !
for time-base CPU#F-> time-base*1: | 2CPU: >tOPP ‘
fove: fosc/8 gcLk: fsus | gck fsus !
P oper: fsus STOP/SBY | | @per: Stopped |
. _ *4: |
gcpu: System clock (LsON=1) "1 |

gcLk. Clock for time-base
gper: Clock for other peripheral
functions Notes: 1. Interrupt source
LSON: Low speed on flag 2. STOP/SBY (DTON =1, LSON =0)
DTON: Direct transfer on flag 3. STOP/SBY (DTON =0, LSON =0)
4. DTON can be 0 or 1.

Figure 10 MCU Status Transitions

Active Mode: The MCU operates according to the clock generated by the system oscillatgrar@SC
OSC.

Standby Mode: The MCU enters standby mode when the SBY instruction is executed from active mode.
In this mode, the oscillators, interrupts, timer/counters, and serial interface continue to operate, but all
instruction execution-related clocks stop. The stopping of these clocks stops the CPU, retaining all RAM
and register contents and maintaining the current I/O pin status.

The standby mode is terminated by a RESET input or an interrupt request. If it is terminated by RESET
input, the MCU is reset as well. After an interrupt request, the MCU enters active mode and resumes,
executing the next instruction after the SBY instruction. If the interrupt enable flag is 1, that interrupt is
then processed; if it is 0, the interrupt request is left pending and normal instruction execution continues. A
flowchart of operation in standby mode is shown in figure 11.
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( Standby )

\

Oscillator: Active
Peripheral clocks: Active
All other clocks: Stopped

( Watch )

'

Oscillator: Stopped
Sub-oscillator: Active
Peripheral clocks: Stopped
All other clocks: Stopped

Restart
processor clocks

A

Execute next | Restart
instruction processor clocks
No
Yes

Reset MCU

Execute next
instruction

Accept interrupt

Figure 11 MCU Operation Flowchart
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Stop Mode: The MCU enters stop mode if the STOP instruction is executed in active mode when TMA3 =
0. In this mode, the system oscillator stops, which stops all MCU functions as well.

The stop mode is terminated by a RESET input as shown in figure 12. RESET must be high for at least one
trc to stabilize oscillation (refer to the AC Characteristics section). When the MCU restarts after stop mode
is cancelled, all RAM contents are retained, but the accuracy of the contents of the accumulator, B register,
W register, X/SPX register, Y/SPY register, carry flag, and serial data register cannot be guaranteed.

Stop mode

Oscillator
Internal clock

RESET o

)
T - tres :

tres 2 tre (stabilization time)

fm
e J I T T T

N NN
NN N

STOP instruction execution

Figure 12 Timing of Stop Mode Cancellation

Watch Mode: The MCU enters watch mode if the STOP instruction is executed in active mode when
TMA3 =1, or if the STOP or SBY instruction is executed in subactive mode.

The watch mode is terminated by a RESET input or a timB¥®y interrupt request. For details of
RESET input, refer to the Stop Mode section. When terminated by a tifi€T;Aihterrupt request, the
MCU enters active mode if LSON is 0, or subactive mode if LSON is 1. After an interrupt request is
generated, the time required to enter active modg feita timer A interrupt, and,T(where T + . < T, <

2T + tzo) for anINT, interrupt, as shown in figures 13 and 14.
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Oscillation
stabilization period

Active mode Watch mode ‘ Active mode

-

A
Y

Interrupt strobe

NT,

Interrupt request
generation

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

T: Interrupt frame length
trc : Oscillation stabilization period

Figure 13 Interrupt Frame

Miscellaneous register (MIS): $00C MIS " .
3 2 1 0 Initial value: 0000, Bit 1| Bit 0 T tre
R/W: W
- 0.12207 ms
0 0 |0.24414 ms
} trc selection 0.24414*2 ms
R1,/SO PMOS off 0O 1 |15625ms |7.8125ms
Setting for switching 1 |0 |125ms 62.5 ms
the system oscillator’s 1 1 Not used

frequency T: Interrupt frame length

trc: Oscillation stabilization period

Notes: 1. The value of tgc applies only when
using a 32.768-kHz crystal oscillator.
2. Only direct transfer.

Figure 14 Miscellaneous Register
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Operation during mode transition is the same as that at standby mode cancellation (figure 11).

Subactive Mode: The CPU operates with a clock generated by the X1 and X2 oscillation circuits.
Functions that can operate in subactive mode are listed in table 20. When the STOP or SBY instruction is
executed in subactive mode, the MCU enters either watch or active mode, depending on the statuses of
LSON and DTON. The DTON flag can only be set in subactive mode; it is automatically reset after a
transition to active mode.

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

Interrupt Frame : In watch and subactive modes, timer A aiNI, interrupts are generated in
synchronism with the interrupt frame. Three interrupt frame lengths (T) can be selected by the settings of
the miscellaneous register, as shown in figure 14.

The time from an interrupt strobe to interrupt request generation is the oscillation stabilization ggriod (t
as shown in figure 13.

The interrupt request is generated synchronously with the interrupt strobe timing except during transition to
active mode. The falling edge of ti¥T, signal is input asynchronously with the interrupt frame timing,

but it is regarded as input synchronously with the second interrupt strobe clock after the falling edge. An
overflow and interrupt request in timer A is generated synchronously with the interrupt strobe timing.

Operation during the transition from watch mode to active mode is the same as that at standby mode
cancellation (figure 11).

Direct Transfer: By controlling the DTON flag, the MCU will be placed directly from subactive to active
mode. The detailed procedure is as follows:

» Setthe DTON flag in subactive mode while LSON =0 and DTON = 1.
» Execute the STOP or SBY instruction.

» After the oscillation stabilization time (a fixed value), the MCU will move automatically from subactive
to active mode (see figure 15).

Note that DTON ($020, bit 3) is valid only in subactive mode. When the MCU is in active mode, this flag
is always at reset.

The transition time ) from subactive to active mode jg K t5 < T + k.
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STOP/SBY
execution Oscillation
Internal execution  stabilization
Subactive mode ¢ time time Active mode
| | >
(LSON =0, DTON =1) ‘ ‘
Interrupt ? ?
strobe ! !
Direct transfer 1 1 T
timing |
T tre
B L B
T: Interrupt frame length
tre: Oscillation stabilization period

Figure 15 Direct Transfer Timing

MCU Operation Sequence: The MCU operates in the sequence shown in figures 16 to 18. It is reset by
an asynchronous RESET input, regardless of its state.

The low-power mode operation sequence is shown in figure 18. With the IE flag cleared and an interrupt
flag set together with its interrupt mask cleared, if a STOP/SBY instruction is executed, the instruction is

cancelled (regarded as an NOP) and the following instruction is executed. Before executing a STOP/SBY
instruction, make sure all interrupt flags are cleared or all interrupts are masked.

Power on

i

No
RESET =1?
Yes
! MCU operation
! cycle
ResetMCU | TTTTTToTTyTToToooooot
Y <

-t

Figure 16 MCU Operating Sequence (Power On)
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MCU operation
cycle

.

Low-power mode
operation cycle

Yes

IF=1?

No

No

Instruction execution

SBY, STOP
instruction?

No

PC — next location

IM=0,IE=1?

Yes

IE ~ 0O; stack ~ (PC),
(CA), (ST)

PC — vector address

IF:
IM:
IE:
PC:
CA:
ST:

Interrupt request flag
Interrupt mask
Interrupt enable flag
Program counter
Carry flag

Status flag

34

Figure 17 MCU Operating Sequence (MCU Operation Cycle)
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Low-power mode
operation cycle

IF=1,IM=0?

Yes

Standby/watch mode

Stop mode

For IF and IM operation,
refer to figure 11.

Yes

Hardware NOP
execution

Hardware NOP
execution

PC « next location

PC « next location

Instruction execution

A

MCU operation
cycle

Figure 18 MCU Operating Sequence (Low-Power Mode Operation)

Limitation on Use

RENESAS

In subactive mode, the timer A interrupt request or the external interrupt refNIEgtdccurs in
synchronism with the interrupt strobe. If the STOP or SBY instruction is executed at the same time
with the interrupt strobe, these interrupt requests will be cancelled and its corresponding interrupt

request flags (IFTA, IFO) will be not set.
In subactive mode, do not use the STOP or SBY instruction at the time of the interrupt strobe.
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When the MCU is in watch mode or subactive mode, if the high level period before the falling edge of
INT, is shorter than the interrupt frami®T, is not detected. Also, if the low level period after the

falling edge ofiINT, is shorter than the interrupt frani&T, is not detected.

Edge detection is shown in figure 19. The level ofINi§, signal is sampled by a sampling clock.

When this sampled value changes to low from high, a falling edge is detected.

In figure 20, the level of thENT, signal is sampled by an interrupt frame. In (a) the sampled value is
low at point A, and also low at point B. Therefore, a falling edge is not detected. In (b), the sampled
value is high at point A, and also high at point B. A falling edge is not detected in this case either.

When the MCU is in watch mode or subactive mode, keep the high level and low level p&Nag of
longer than interrupt frame.

INT, !
Sampling T
High Low Low
Figure 19 Edge Detection
INT, INT, | |
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 20 Sampling Example
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Internal Oscillator Circuit

A block diagram of the internal oscillator circuit is shown in figure 22. As shown in table 21, crystal and
ceramic oscillators can be connected to ©Q&@ OSG and a 32.768-kHz oscillator can be connected to

X1 and X2. The system oscillator can also be operated by an external clock. Bit 3 of the miscellaneous
register (MIS: $00C) must be set according to the frequency of the oscillator connected am@8SG

Note: If the MIS register setting does not match the oscillator frequency, subsystems using 32-kHz
oscillation will malfunction. Set the system oscillator frequency to anything outside the range of
1.0 MHz to 1.6 MHz when using 32-kHz oscillation.

Miscellaneous register (MIS): $00C MIS System Oscillator's
Initial value: 0000, Bit 3 Frequency
3 2 1 0 RIW: W
0 1.6 MHz to 4.5 MHz
} trc selection 1 0.4 MHz to 1.0 MHz

R1,/SO PMOS off

Setting for switching
the system oscillator’s
frequency

Figure 21 Miscellaneous Register

Synch.
0SC, @ P
System Divide-by-8 T|m|n? (toyd Slystlfm
oscillator circuit generator - > cloc
0SCy @— cireuit (@cpu)
Mode
control
circuit
X1 @7 - Timing Synch. System
Sub-system Divide-by-8 (tsubcyc)
: o generator - L » clock
oscillator circuit -
X2 @7 circuit (@pER)
Time-base
» clock
@cLk)

Figure 22 Internal Oscillator Circuit
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Table 21

Oscillator Circuit Examples

Circuit Configuration

Circuit Constants

External Clock

Operation External L | o0
(0SC,, 0SC)) oscillator
Open —— OSC,
Ceramic Cy Ceramic: CSA4.00MG
Oscillator — 0sC, (Murata)
(0SCy, OSCy) Ceramic = R Ri=1MQ +20%
C1= Cy= 30 pF +20%
— 0SC,
C2
o
GND
Crystal Oscillator Ci Ry 1 MQ +20%
(OSC,, OSCy) 0sC, Ci= C|2.: 10 pF |ﬂO% it
Crystal =3 R Crystal: Equivalent to circuit shown
f at bottom left
1 c 0SC; Co=7 pF, max.
e 2 Rs=100 Q , max.

GND AT-cut parallel
resonance crystal

f=1.0 MHz to 4.5 MHz

0SC, L CW 0SC,
{
Co
Crystal Oscillator C1 C,1=C,= 15 pF +5%
(X1, X2) I} _L X1 Crystal: 32.768 kHz, MX38T
(Nippon Denpa)
Crystal —T— Co= 1.5 pF, typ.
I X2 Rg=14 kQ , typ.
C2
e
GND
X1 L G Rs X2
[l
Co

Notes: 1. Circuit constants differ with different types of crystal and 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;and OSC, pins (X1 and X2 pins) and the other elements should
be as short as possible, and must not cross other wiring. Refer to figure 23.

3. If not using a 32.768-kHz crystal oscillator, fix the X1 pin to V¢ and leave the X2 pin open.
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oo | |
oo | | ] .
X2 -
-
X1 F
7
RESET : -
0SC, - é it
-
0sc, k
et 7] .
e [

Figure 23 Typical Layout of Crystal and Ceramic Oscillators
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Input/Output

The MCU has 2 input pins and 33 input/output pins, 8 of the input/output pins being large-current pins (15
mA, max.). A program-controlled pull-up MOS transistor is provided for each input/output pin.

The output buffer is turned on and off by the data control register (DCR) during input through an
input/output pin.

I/O pin circuit types are shown in table 22.

Table 22 Circuit Configurations of I/O Pins

1/0 Pin Type Circuit Applicable Pins
Common /O Vcc Pull-up control signal Do-Dg
Pin (with R0o-RO0O3
pull-up MOS ‘ DCR R10-R1
transistor) |_O<:I~ j Rzg_Rzgs
Output data R30-R3
PDR 0—ho3
R40-R43
Input data R50-R53

Input control

vcc Pull-up control signal SCK

|_C<:I_‘ ? DCR
Output data

SCK (internal)

> SCK
Output Pin PuII—up control signal SO
(with pull-up BUzZ
MOS transistor) l_@ ‘ DCR
Output data SO or BUZZ
Input Pin _ INT,

INT,

Vee Pull-up control signal Sl
:< PDR EVENT
Do
( : o = Input data Dio
Input control

. . ZCD
AC input signal | A Zero-crossing

o
Il _ ® detection circuit
External capacitor

Note: For details of the R1, /SO pin, refer to note 2 of table 23.
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D Port (D4—D,o): Consist of 9 input/output pins and 2 input pins. PigdDare high-current 1/O pins,{D
is an ordinary input/output pin, and,@nd O, are input-only pins. These pins are set by the SED and
SEDD instructions, reset by the RED and REDD instructions, and tested by the TD and TDD instructions.

The operating modes ofzED,, are set by bits 2 and 3 of port mode register A (PMRA) and bits 0 and 1 of
port mode register B (PMRB), as shown in figure 24. The on/off status of the output buffer is controlled by
D port data control registers (DCRB, DCRC, and DCRD) that are mapped to memory addresses.

R Ports: Accessed in 4-bit units. Data is input to these ports by the LAR and LBR instructions and output
from them by the LRA and LRB instructions. The on/off status of the output buffers of the R ports are
controlled by R port data control registers (DCR0O-DCR5) that are mapped to memory addresses.

Pins R1-R1; are multiplexed with pinSCK, SI, SO, and BUZZ, respectively. The operating modes of
these pins are controlled by bit 3 of the serial mode register (SMR), bits 1 and 0 of port mode register A
(PMRA), and bit 2 of port mode register C (PMRC), as shown in figure 24.

Ports R2—-R5 are multiplexed with SEG1-SEG16. The functions of these pins must be specified by the
LCD output register (LOR: $015).
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Serial mode register (SMR): $005

3 2

1

0

Initial value: 0000, R/W: W

R1,/SCK pin mode selection

SMR | Port
Bit3 | Selection
0 R1g
1 SCK
Port mode register A (PMRA): $004
3 2 1 0 Initial value: 0000, R/W: W
\— R1, /SO pin mode selection
R1; /S| pin mode selection
Do/INT, pin mode selection
D1o/INT 4 pin mode selection
PMRA | port PMRA | port PMRA | port PMRA | port
Bit3 | Selection Bit2 | Selection Bit 1 Selection Bito | Selection
0 D1g 0 Dg 0 R1; 0 R1,
1 INT, 1 INT, 1 Sl 1 le)
Port mode register B (PMRB): $011
3 2 1 0 Initial value: 0000, R/W: W
} Dg/ZCD/EVENT pin mode selection
} Not used
PMRB Port
Bit 1 Bit 0 Selection
0 ZCD (low sensitivity)
0
1 ZCD (high sensitivity)*
0 D
1 8
1 EVENT
Note:* Becomes low sensitivity in subactive mode.
Figure 24 1/O Switching Mode Registers
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Port mode register C (PMRC): $012

3 2 1 0 Initial value: 0000, R/W: W

} BUZZ output frequency selection

R13/BUZZ pin mode selection

Pull-up MOS transistor on/off selection

PMRC | pyll-up MOS PMRC | port
Bit 3 On/Off Selection Bit 3 Selection
0 Off 0 R1,
1 On 1 BUZZ

LCD output register (LOR): $015

3 2 1 0 Initial value: 0000, R/W: W

\— R2/SEG1-SEG4 pin mode selection
R3/SEG5-SEGS pin mode selection
R4/SEG9-SEG12 pin mode selection
R5/SEG13-SEG16 pin mode selection

LOR | Pport LOR | Port LOR | Port LOR | Port

Bit 3 Selection Bit 2 Selection Bit 1 Selection Bit O Selection
0 R5 0 R4 0 R3 0 R2
1 SEG13-SEG16 1 SEG9-SEG12| 1 SEG5-SEGS8 1 SEG1-SEG4

Figure 24 1/0 Switching Mode Registers (cont)

Pull-Up MOS Transistor Control: A program-controlled pull-up MOS transistor is provided for each
input/output pin. The on/off status of all these transistors is controlled by bit 3 of port mode register C
(PMRC), and the on/off status of an individual transistor can also be controlled by the port data register of
the corresponding pin—enabling on/off control of that pin alone.

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

The configuration of the I/O buffer is shown in figure 25, and the configurations of various program-
controlled 1/O circuits are given in table 23.

How to Deal with Unused 1/O Pins: I/O pins that are not needed by the user system (floating) must be
connected to ¥ to prevent LSI malfunctions due to noise. These pins must either be pulled ypkyp V
their pull-up MOS transistors or by resistors of about 100 k

RENESAS

43



HD404328 Series

v
ce :< PMRC3

VC C

Pull-up
MOS PMOS (A)
transistor

:< DCR

@ NMOS (B)

:)—» Input data

Input control

Figure 25 1/0 Buffer Configuration

Table 23  Programmable I/O Circuits

PMRC, Bit 3 0

DCR 0 1 0 1

PDR 0 1 0 1 0 1 0 1
CMOS  PMOS (A) Off Off Off On Off Off off on
Buffer — “\mos (8) Off Off on Off Off Off on Off
Pull-Up MOS Transistor Off Off Off Off Off On Off On

Notes: 1. Various I/O methods can be selected by different combinations of settings of the above mode
registers (PMRC3, DCR, PDR).
2. The PMOS (A) transistor of the R1,/SO pin can be turned off by setting bit 2 of the
miscellaneous register (MIS) to 1.

MIS R1,/SO Pin DCR Bit 3 Bit 2 Bit 1 Bit O
Bit2 | PMOS (A) DCRO RO5 RO, RO, RO
0 On DCR1 | Rl; | Rl, | Rl; | Rlg
1 Off DCR2 | R2, | R2, | R2; | R2,
3. The relationships between DCRs and pins| DCR3 R33 R3; R3, R3¢
are as shown on the right. DCR4 R4, R4, R4, R4,
DCR5 | R5; | R5, | R5; | RS,
DCRB | Ds D, Dy Do
DCRC | D, D¢ Ds D,
DCRD | — — — Dg
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Timers
The MCU has two prescalers (S and W) and three timer/counters (A, B, and C).

Prescaler S: Eleven-bit counter that inputs a system clock signal. After being initialized to $000 by MCU
reset, prescaler S divides the system clock. Prescaler S keeps counting, except in watch and stop modes,
and at MCU reset. Of the prescaler S outputs, timer A input clock, timer B input clock, timer C input
clock, and serial interface transmit clock are selected by timer mode register A (TMA), timer mode register

B (TMB), timer mode register C (TMC), and the serial mode register (SMR).

Prescaler W: Five-bit counter that inputs the X1 input clock signal divided by eight. Prescaler W output
can be selected as a timer A input clock by timer mode register A (TMA).

Timer A: Eight-bit timer that can be used as a clock time-base (figure 26). It is initialized to $00 and

incremented at each input clock. If an input clock is applied to timer A after it has reached $FF, an
overflow that sets the timer A interrupt request flag (IFTA: $001, bit 2) is generated, and timer A restarts
from $00.

Timer A is used to generate regular interrupts (every 256 clocks) for measuring times between events. It
can also be used as a clock time-base when bit 3 of timer mode register A (TMA) is set to 1. The timer is
driven by the 32-kHz oscillator clock frequency divided by prescaler W, and the clock input to timer A is
controlled by TMA. In this case, prescaler W and timer A can be initialized to $00 by software.

32.768-kHz f Prescaler W Timer A interrupt
- (DO’ w
; 1/4 F»| 1/2 request flag
oscillator ltW—cyc> (PSW) st
J
2w i Ll
12 Weye ¢ Y Yy

Selector  f=—

Clock| Timer
— counter A|—
(TCA) |Overflow

B

Selector

Internal data bus

Selector %

A A A adh

-32
+128

N
Ll
[Te]

+1024
+2048

AN| <o M
System gPER L RARAE el -
dock — = Prescaler S (PSS) | 3 ‘ ‘ ‘
Timer mode| ——|

register A [\ |
(TMA)

Figure 26 Timer A Block Diagram
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Timer B (TCBL and TLRL: $00A, TCBU and TLRU: $00B): Eight-bit write-only timer load register
(TLRL and TLRU) and read-only timer counter (TCBL and TCBU) located at the same addresses. The
eight-bit configuration consists of lower and upper digits located at sequential addresses. A block diagram
of timer B is shown in figure 27.

Timer counter B is initialized by writing to timer load register B (TLR). In this case, the lower nibble must
be written to first. The contents of TLR are loaded into the timer counter at the same time the upper nibble
is written to, initializing the timer counter. TLR is initialized to $00 by MCU reset.

The count of timer B is obtained by reading timer counter B. In this case, the upper digit must be read first;
the count is latched when the upper nibble is read. An auto-reload function, input clock source, and
prescaler division ratio of timer B depend on the state of timer mode register B (TMB). When an external
event input is used as the input clock source of TMB, tHE@D/EVENT pin must be set to function as

the ZCD orEVENT pin by setting port mode register B (PMRB: $011).

Timer B is initialized to the value set in TMB by software, and is then incremented by one by each clock
input. If an input is applied to timer B after it has reached $FF, an overflow is generated. In this case, if
the auto-reload function is enabled, timer B is initialized to its initial value; if auto-reload is disabled, the

timer is initialized to $00. The overflow sets the timer B interrupt request flag (IFTB: $002, bit 0).

Interrupt request
flag of timer B
(IFTB)
A
Timer latch
register B
(TLB)
Clock m a2
> Timer/counter B 2
) - (TCB) Overflow 8
Free-running/ 3
reload timer m T
control signal ] c
Timer load g
register B upper =
(TLRU)
Timer load
e Selector register B lower
EVENT
NN EN! (TLRL)
NESEIE S 3 -
Al Bl el B e Timer mode T
ZPER register B
Sé/lf)tcekm > Prescaler S (PSS) (Q_Jl_MB)

Figure 27 Timer B Free-Running and Reload Operation Block Diagram
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Timer C (TCCL and TCRL: $00A, TCCU and TCRU: $00B): Eight-bit write-only timer load register

(TCRL and TCRU) and read-only timer counter (TCCL and TCCU) located at the same addresses. The
eight-bit configuration consists of lower and upper digits located at sequential addresses. The operation of
timer C is basically the same as that of timer B. A block diagram of timer C is shown in figure 28.

The auto-reload function and prescaler division ratio of timer C depend on the state of timer mode register
C (TMC). Timer C is initialized to the value set in TMC by software, then is incremented by one at each
clock input. If an input is applied to timer C after it has reached $FF, an overflow is generated. In this
case, if the auto-reload function is enabled, timer C is initialized to its initial value; if auto-reload is
disabled, the timer is initialized to $00. The overflow sets the timer C interrupt request flag (IFTC: $002,
bit 2).

Timer C also functions as a watchdog timer. If a program routine runs out of control and an overflow is
generated while the watchdog on (WDON) flag is set, the MCU is reset. This error can be detected by
having the program control timer C reset before timer C reaches $FF.

The WDON can only have 1 written to it; it is cleared to 0 only by MCU reset.

System reset signal
Interrupt request

Watchdog on .| Watchdog timer flag of timer C
flag (WDON) controller (IFTC)
ﬁ L
Timer latch
register C
(TLC)
Clock - m

> Timer/counter C a
E— (TCC) Overflow =
m IS
©
©
Timer load c
. (O]
register C upper =
(TCRU) -

Timer load

Selector T Free-running/ register C lower
T il i1 111 reload timer (TCRL)
control signal
< | ©
N
N |0 M0 AN 3 W)W
System | ZPER Timer mode
éllock > Prescaler S (PSS) register C (TMC) <

Figure 28 Timer C Block Diagram
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Timer Mode Register A (TMA: $008): Four-bit write-only register that controls timer A as shown in
table 24.

Table 24  Timer Mode Register A

TMA
Bit3 Bit2 Bitl Bit0 Source Prescaler, Input Clock Period, Operating Mode
0 0 0 0 PSS, 2048 t,, Timer A mode
1 PSS, 1024 t,,
1 0 PSS, 5121,
1 PSS, 1281,
1 0 0 PSS, 32t,,
1 PSS, 81,
1 0 PSS, 41,
1 PSS, 2t
1 0 0 0 PSW, 32 t ,pe,c Time-base mode
1 PSW, 16 10
1 0 PSW, 8 tyyeye
1 PSW, 2 t e
1 0 0 PSW, 1/2 t,,,.
1 Do not use
1 0 PSW, TCA reset

1

Notes: 1. tg .. = 244.14 ps (when 32.768-kHz crystal oscillator is used)
2. t,.=1.9074 ps (when 4.1943-MHz crystal oscillator is used)
3. Timer counter overflow output period (seconds) = input clock period (seconds) x 256.

4. If PSW or 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.

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

Timer Mode Register B (TMB: $009): Four-bit write-only register that selects the auto-reload function,
input clock source, and the prescaler division ratio as shown in table 25. It is initialized to $0 by MCU
reset.

Writing to this register is valid from the second instruction execution cycle. Timer B initialization set by
writing to TMB must be done after a mode change becomes valid.
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Table 25  Timer Mode Register B
TMB
Bit 3 Auto Reload Function
0 Disabled
1 Enabled
TMB
Bit 2 Bit 1 Bit 0 Input Clock Period/ Input Clock Source
0 0 0 2048t
1 5121,
1 0 128 t,,.
1 32ty
1 0 0 8 L,y
1 4t
1 0 2,
1 ZCD/EVENT (external event input)

Timer Mode Register C (TMC: $00D): Four-bit write-only register that selects the auto-reload function
and prescaler division ratio as shown in table 26. Itis initialized to $0 by MCU reset.

Writing to this register is valid from the second instruction execution cycle. Timer C initialization set by
writing to TMC must be done after a mode change becomes valid.

Table 26 Timer Mode Register C
TMC

Bit 3 Auto Reload Function

0 Disabled

1 Enabled
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T™MC
Bit 2 Bit 1 Bit0 Input Clock Period
0 0 0 2048t
1 1024 t,,,
1 0 512 t,,
1 1281,
1 0 0 321,
1 8 tyye
1 0 41,
1 2t

cyc

Pulse Output

The MCU has a built-in pulse output function called BUZZ. The pulse frequency can be selected from the

prescaler S’s outputs, and the output frequency depends on the state of port mode register C (PMRC:
$012), as shown in table 27. The duty cycle of the pulse output is fixed at 50%. When the pulse output

function is used, the RBUZZ pin must be specified as BUZZ by PMRC.

Table 27  Port Mode Register C

PMRC
Bit 1 Bit 0 Prescaler Division Ratio
0 0 +1024
1 +512
1 0 + 256
1 +128
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Serial Interface
The MCU has a clock-synchronous serial interface which transmits and receives 8-bit data.

The serial interface consists of a serial data register (SR), serial mode register (SMR), port mode register A
(PMRA), octal counter, and selector, as shown in figure 29. THS®X pin and the transmit clock are
controlled by writing data to the SMR. The transmit clock shifts the contents of the SR, which can be read
and written to by software, before transmission starts between two MCUs.

The serial interface is activated by the STS instruction. The octal counter is reset to 000 by this instruction,
it starts counting at the falling edge of the transmit cIS€K(), and it increments at the rising edge of the
clock. A serial interrupt request flag is set when the eighth transmit clock signal is input (the serial
interface is reset) or when serial transmission is discontinued (the octal counter is reset).

Serial interrupt
" cour?tga(loq - request flag
50)_ (IFS)
SCK
o~ - Serial data
controller register (SR) -
= * Clock e 9
o)
> :
Transfer 3
12 » § control =
o i [
@ signal =
- 3 2
Selector - .
W W! 3 11
o o Serial mode
~joo| & S b & register <]
N A N (SMR)
IpER
Sézt;zn - Prescaler S (PSS)

Figure 29 Serial Interface Block Diagram

Serial Mode Register (SMR: $005): Four-bit write-only register that controls the J8CK pin, transmit
clock, and prescaler division ratio as shown in figure 30. Writing to this register initializes the serial

interface.

A write signal input to the serial mode register discontinues the input of the transmit clock to the serial data
register and octal counter. Therefore, if a write is performed during data transmission, the octal counter is
reset to 000 to stop transmission, and, at the same time, the serial interrupt request flag is set.
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Write operations are valid from the second instruction execution cycle, so the STS instruction must be
executed after at least two cycles have been executed. The serial mode register is initialized to $0 by MCU
reset.

Serial mode register (SMR): $005
Initial value: 0000,

3 2 1 0

R/W: W SMR -
/ 3 R1,/SCK Pin
Bit
L 0 R1, port input or output pin
Transmit clock selection — .
. ) 1 SCK input or output pin
R1,/SCK pin mode selection
SMR SOK Di Prescaler Division Transmit Clock
R1,/SCK Pin | Clock Source : ]
Bit2 | Bitl | Bit0O Ratio Period
0 0 0 SCK output Prescaler +2048 4096 tcyc
1 CK output | Prescaler +512 1024 teyc
1 0 SCK output | Prescaler +128 256 teyc
1 | SCKoutput | Prescaler +32 64 teyc
1 0 0 SCK output | Prescaler +8 16 teyc
1 SCK output | Prescaler +2 4 teye
1 0 | SCKoutput | System clock — 1 teye
1 | SCKinput External clock | — —

Note: tcyc = 1.9074 ps (with 4.1943-MHz crystal oscillator used at 1/8 division ratio)

Figure 30 Serial Mode Register

Serial Data Register (SRL: $006, SRU: $007)Eight-bit read/write register separated into upper and
lower digits located at sequential addresses. Data in this register is output from the SO pin, LSB first, in
synchronism with the falling edge of the transmit clock; and data is input, LSB first, through the SI pin at
the rising edge of the transmit clock. Input/output timing is shown in figure 31.

Data cannot be read or written during serial data transmission. If a read/write occurs during transmission,
the accuracy of the resultant data cannot be guaranteed.
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Transmit clock

Serial output
data

Serial input data
latch timing

Figure 31 Timing of Serial Interface Output

Selecting and Changing Operating Mode: Table 28 lists the serial interface’s operating modes. To
select an operating mode, use one of these combinations of PMR and SMR settings; to change the
operating mode, always initialize the serial interface internally by writing data to the SMR.

Table 28  Serial Interface Operating Modes

SMR 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

Serial Interface Operation: Three operating modes are provided for the serial interface; transitions
between them are shown in figure 32.

In STS wait state, the serial interface is initialized and the transmit clock is ignored. If the STS instruction
is then executed, the serial interface enters transmit clock wait state.

In transmit clock wait state, input of the transmit clock increments the octal clock, shifts the serial clock
register, and activates serial transmission. However, note that if clock output mode is selected, the transmit
clock is continuously output but data is not transmitted.

During transfer state, the input of eight clocks or the execution of the STS instruction sets the octal counter
to 000, and the serial interface enters transmit clock wait state. If the state changes from transmit to another
state, the serial interrupt request flag is set by the octal counter reaching 000.

In this state, if the internal clock has been selected, the transmit clock is output in answer to the execution
of the STS instruction, but serial transmission is inhibited after the eighth clock is output.
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If port mode register A (PMRA) is written to in transmit clock wait state or transfer state, the serial mode
register (SMR) must be written to, to initialize the serial interface. The serial interface then enters STS
wait state.

If the serial interface shifts from transfer state to another state, the octal counter returns to 000, setting the
serial interrupt request flag.

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

SMR write . SMR write (IFS < 1)
8 transmit clocks
STS instruction (internal clock)
(IFS < 1)
Transmit clock C
Transmit clock wait state . Transfer state
(octal counter = 000) 8 transmit clocks (external clock) (octal counter #000)
STS instruction
(IFS ~ 1)

Figure 32 Serial Interface Mode Transitions

Transmit Clock Error Detection: The serial interface will malfunction if a spurious pulse caused by
external noise conflicts with a normal transmit clock during transmission. A transmit clock error of this
type can be detected as shown in figure 33.

If more than eight transmit clocks are input in transmit clock wait state, the serial interface’s state changes
to transfer, transmit clock wait, then back to transfer.

If the serial interface is set to STS wait state by writing data to the SMR after the serial interrupt request
flag has been reset, the flag is reset again.
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Transmission
completion (IFS ~ 1)

Interrupts inhibited

IFS - 0
SMR write
Yes Transmit clock
error processing
No

Normal termination

Figure 33 Transmit Clock Error Detection

Note on Use: The serial interrupt request flag might not be set if the status is changed from transfer by the
execution of an SMR write or STS instruction during the first period that the transmit clock is low. To
prevent this, program a check that the SCK pin is at 1 (by executing an input instruction for the R1 port)
before the execution of an SMR write or STS instruction, to ensure that the serial interrupt request flag is
set.
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A/D Converter

The MCU has a built-in A/D converter that uses a sequential comparison method with a resistor ladder. It
can measure four analog inputs with an eight-bit resolution. As shown in the block diagram of figure 34,
the A/D converter has a four-bit A/D mode register, a one-bit A/D start flag, and a four-bit plus four-bit
A/D data register.

Internal bus line (S2) | | Internal bus line (S1) |
4 ] [ ]
1 4 4
\ )
A/D mode register A/D start flag Aéli[;jslt_a rse;glls;er
(AMR: $016) (ADSF: $020) ADRU:. $0185
] L
2 1 1
ANo O > IFAD
AN1 O— 8
[ —
ANz O—j g
AN3 O— Comparator
> F A
Control logic Counter
AVcc O—

AVss O——

-
L Operation mode signal
(Stop mode, Watch mode, Subactive mode: Value is 0)

Figure 34 A/D Converter Block Diagram

A/D Mode Register (AMR: $016): Four-bit write-only register which selects the A/D conversion period
and indicates analog input pin information. Bit O of the AMR selects the A/D conversion period, and bits 2
and 3 select a channel, as shown in figure 35.

A/D Start Flag (ADSF: $020, Bit 2): One-bit flag that initiates A/D conversion when 1 is written to it.
At the completion of A/D conversion, the converted data is stored in the A/D data register and the ADSF is

cleared. Refer to figure 35.

Note: Use the SEM and SEMD instructions to write data to the ADSF, but make sure that the ADSF is
not written to during A/D conversion.
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A/D mode register (AMR): $016

3 2 1 0 Initial value: 0000, R/W: W

[

Switching time

Not used

} Analog input selection

AVR Switching Time AMR Analog Input
Bit 0 Bit 3 Bit 2 Selection
0 34 teyc 0 0 ANp
1 67 teye 1 AN
1 0 AN>
1 AN3

Special flag bits: $020

3 2 1 0

\— LSON (refer to description of low-power dissipation modes)

WDON (refer to description of timers)
A/D start flag (ADSF)
DTON (refer to description of low-power dissipation modes)

Bit2 | A/D Start Flag (ADSF)

1 A/D conversion started

0 A/D conversion completed

Figure 35 A/D Registers

A/D Data Register (ADRL: $017, ADRU: $018): Eight-bit read-only register that is not cleared by a
reset. Note that data read from this register during A/D conversion cannot be guaranteed. After the
completion of A/D conversion, the resultant eight-bit data is held in this register, as shown in figure 36,
until the start of the next conversion.
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ADRU: $018 ADRL: $017
3 2 1 0 3 2 1 0
MSB LSB

Bit 7 Bit 0

Result

Figure 36 A/D Data Registers

Note on Use: The contents of the A/D data register are not guaranteed during A/D conversion. To ensure
that the A/D converter operates stably, do not execute port output instructions during A/D conversion.
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LCD Controller/Driver

The MCU has an LCD controller and driver which drive four common signal pins and 24 segment pins.
The controller consists of a RAM area in which display data is stored, a display control register (LCR), and
a duty cycle/clock control register (LMR), as shown in figures 37 and 38.

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

Vec Power switch
P
v 0 COM1
AR LCD o COM2
rver o COoM3
V2 LCD 0 COM4
* power
control LCD clock
V3 circuit
* LCD output
register
GND Display on/off (LORg: $015)
4
Y
1 2 — —o0 R2y/SEG1
Display control | 0 R2,/SEG2
register S;%msgﬂ
LCR: $013 —
( ) | 050 — bort
ISplay multiplexer
area LCD P
segment — —o R53/SEG16
(dual-port driver
RAM) o SEG17
$067
LCD duty cycle/ S
clock control ~ 7
(LMR: $014)
) ) RAM area LCD clock
Duty cycle selection
_ 3 Divided system
Clock selection clock output
1 Divided 32-kHz
clock output
Note: * HD404324U, HD404326U, HD404328U and HD4074329U require external LCD voltage division resistors.
LCD: Liquid crystal display

Figure 37 Block Diagram of LCD Controller/Driver
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LCD control register (LCR): $013

2 1 0 Initial value: 000, R/W: W

Blank/display
Power switch on/off
Display on/off in watch mode or subactive mode

(not used)

LCD mode register (LMR): $014

3 2 1 0 Initial value: 0000, R/W: W

} Duty cycle selection

} Input clock selection

LCD output register (LOR): $015

3 2 1 0 Initial value: 0000, R/W: W

R2/SEG1-SEG4 pin mode selection
R3/SEG5-SEG8 pin mode selection
R4/SEG9-SEG12 pin mode selection
R5/SEG13-SEG16 pin mode selection

Figure 38 LCD Registers

LCD Data Area and Segment Data ($050-$067)As shown in figure 39, each bit of the storage area
corresponds to one of four duty cycles. If data is written to an area corresponding to a certain duty cycle, it

is automatically output to the corresponding segments as display data.
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Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0
80 | SEG1 | SEG1 | SEG1 | SEG1 | $050 92 |SEG13 |SEG13 |SEG13 |SEG13 | $05C
81 | SEG2 | SEG2 | SEG2 | SEG2 | $051 93 |SEG14 |SEG14 |SEG14 |SEG14 | $05D
82 | SEG3 | SEG3 | SEG3 | SEG3 | $052 94 |SEG15 |SEG15 |SEG15 |SEG15 | $05E
83 | SEG4 | SEG4 | SEG4 | SEG4 | $053 95 |SEG16 |SEG16 |SEG16 |SEG16 | $05F
84 | SEG5 | SEG5 | SEG5 | SEG5 | $054 96 |SEG17 |SEG17 |SEG17 |SEG17 | $060
85 | SEG6 | SEG6 | SEG6 | SEG6 | $055 97 |SEG18 |SEG18 |SEG18 |SEG18 | $061
86 | SEG7 | SEG7 | SEG7 | SEG7 | $056 98 |SEG19 |SEG19 |SEG19 |SEG19 | $062
87 | SEG8 | SEG8 | SEG8 | SEG8 | $057 99 |SEG20 |SEG20 |SEG20 |SEG20 | $063
88 | SEGY9 | SEGY9 | SEGY9 | SEG9 | $058 100 |SEG21 |SEG21 |SEG21 |SEG21 | $064
89 |SEG10 [SEG10 |SEG10 |SEG10 | $059 101 |SEG22 |SEG22 |SEG22 |SEG22 | $065
90 |SEG11 |SEGI11 |SEGI11 |SEG11 | $05A 102 |SEG23 |SEG23 |SEG23 |SEG23 | $066
91 |SEG12 |SEG12 |SEG12 |SEG12 | $05B 103 |SEG24 |SEG24 |SEG24 |SEG24 | $067

COM4 COM3 COM2 COM1 COM4 COM3 COM2 COM1

Figure 39 Configuration of LCD RAM Area (for Dual-Port RAM)

LCD Control Register (LCR: $013): Three-bit write-only register which controls LCD blanking, the
turning on and off of the liquid-crystal display’s power supply division resistor, and display in watch and
subactive modes, as shown in table 29.

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 V8 V..

Watch/subactive mode display

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

On: In watch and subactive modes, LCD RAM data is output as segment signals.
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Table 29  LCD Control Register

LCR LCR LCR
Display in Watch Mode or
Bit 2 Subactive Mode Bit 1 Power Switch On/Off Bit0 Blank/Display
0 Off 0 Off 0 Blank
1 On 1 On 1 Display

Note: When using an LCD in watch mode or subactive mode, use the divided output of a 32-kHz oscillator
as the LCD clock and set bit 2 of the LCR to 1. If using the divided output of the system clock as the
LCD clock, always set bit 2 of the LCR to 0.

LCD Duty Cycle/Clock Control Register (LMR: $014): Four-bit write-only register which selects the
display duty cycle and LCD clock source, as shown in table 30. The dependence of frame frequency on
duty cycle is shown in table 31.

Table 30  LCD Duty Cycle/Clock Control Register

LMR

Bit 3 Bit 2 Bitl BitO Duty Selection/Input Clock Selection

— — 0 0 1/4 duty cycle

1 1/3 duty cycle
1 0 1/2 duty cycle
1 Static

— — CLO (32.768/64 kHz when using a 32.768-kHz oscillator)

cyc

CL2 (f,,/2048)
CL3 (refer to table 31)

cyc

0
1 CL1 (f,,/256)
0
1

Note: f. is the divided system clock output.
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Table 31

Static Duty Cycle

LCD Frame Periods for Different Duty Cycles

LMR
Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
0 0 0 1 1 0 1 1
Instruction Cycle
Time CLo CL1 CL2 CL3*
2 us 512 Hz 1953 Hz 244 Hz 122 Hz/64 Hz
1/2 Duty Cycle
LMR
Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
0 0 0 1 1 0 1 1
Instruction Cycle
Time CLO CL1 CL2 CL3 *
2 ps 256 Hz 976.5 Hz 122 Hz 61 Hz/32 Hz
1/3 Duty Cycle
LMR
Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
0 0 0 1 1 0 1 1
Instruction Cycle
Time CLO CL1 CL2 CL3 *
2 us 170.6 Hz 651 Hz 81.3 Hz 40.6 Hz/21.3 Hz
1/4 Duty Cycle
LMR
Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2 Bit 3 Bit 2
0 0 0 1 1 0 1 1
Instruction Cycle
Time CLo CL1 CL2 CL3*
2 us 128 Hz 488.2 Hz 61 Hz 30.5 Hz/16 Hz

Note: * The division ratio depends on the value of bit 3 of timer mode register A (TMA); the first value is for
TMAS3 = 0 and the second is for TMA3 = 1.

When TMA3 =0, CL3 =f_,./4096

cyc

When TMA3 =1, CL3 = 32.768 kHz/512.
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LCD Output Register (LOR: $015): Write-only register used to specify that ports R2—R5 act as pins
SEG1-SEG16, as shown in table 32.

Table 32  LCD Output Register

LOR LOR LOR LOR
Bit 3 Port Selection Bit2 Port Selection Bit1l Port Selection Bit 0 Port Selection
0 R5 0 R4 0 R3 0 R2

1 SEG16-SEG13 1 SEG12-SEGY9 1 SEG8-SEG5 1 SEG4-SEG1

Large Liquid-Crystal Panel Drive and V ,: To drive a large-capacity LCD, decrease the resistance of
the built-in division resistors by attaching external resistors in parallel, as shown in figure 40.

Since HD404328U and HD4074329U do not have built-in division resistors, they require external LCD
voltage division resistors for voltage adjustment.

The size of these resistors cannot be simply calculated from the LCD load capacitance because the matrix
configuration of the LCD complicates the paths of charge/discharge currents flowing through the
capacitors—and the resistance will also vary with lighting conditions. This size must be determined by
trial-and-error, taking into account the power dissipation of the device using the LCD, but a resistance of 1
kQ to 10 KQ would usually be suitable. (Another effective method is to attach capacitors jof ®10.3

HF.)

Always turn off the power switch (set bit 1 of the LCR to 0) before changing the liquid-crystal drive
voltage (Mcp)-
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Vee (W) Vee (M)
R %R
V. V.
R 2 (@ p— R 2
V3 C V3
R C R
GND l GND
C=0.1pFto 0.3 uF
1
Vee comM1 /_/
A /—/ 3-digit LCD
Vee —— V, — °
Vico v
T 3 SEG1- 24
¢ ¢ GND SEG24
Static drive
comi] 2
v —_
« Ccom2 L] 6-digit LCD
Y o~ Y% [
Vee —/— Vs, —_—
VLCD v [
T 3 SEG1- 24
* GND SEG24
1/2 duty cycle, 1/2 bias drive
3
COM1- —
Vee
v, M3 //_// 8-digit LCD
Voo — — 1V, — -
Vicp v
T N SEG1- 24
GND SEG24
1/3 duty cycle, 1/3 bias drive
COM1 4
Vee - T
v, com4 //_// 12-digit LCD
Vicp v [
T 3 SEG1- 24
¢ GND SEG24
1/4d le, 1/3 bias dri
Vee 2 Viep =GND uty cycle ias drive

Figure 40 LCD Connection Examples
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Zero-Crossing Detection Circuit

The MCU has a zero-crossing detection circuit that generates a digital signal in synchronism with an AC
signal input to the ZCD pin through an external capacitor. A block diagram of the zero-crossing detection
circuit is shown in figure 41.

The zero-crossing detection circuit has two modes (low sensitivity mode and high sensitivity mode) which
are set by port mode register B (PMRB: $011) as shown in table 33.

A digital signal generated by the zero-crossing detection circuit sets the zero-crossing interrupt request flag
(IFZC). The interrupt edge is selected by the interrupt mode register (IMR: $010). This signal can be
made as the input clock of timer B by setting the input clock source of timer mode register B (TMB: $009)
for external event input.

Note: After MCU reset, the IWCD/EVENT pin is set to ZCD. With this setting, a supply current (bias
current) always flows because a bias circuit within the zero-crossing circuit is still operating. This
current flows in all MCU operation modes, but it is particularly critical in stop mode because the
MCU is more affected by bias current since the other circuits of the LSI are not dissipating much
current. If the zero-crossing detection function is not being used, use port mode register B to set
this pin to O or EVENT. This prevents the bias current from flowing.

» Dg port input

MPX |—— EVENT
M /, \ (Refer to
AC input EVENT pin figure 27.)
signal 5 Zero-crossing
MPX detection circuit M‘:DX fo IFzC
External T T
capacitor
2 2
| Port mode register B | | Interrupt mode register |

Figure 41 Block Diagram of Zero-Crossing Detection Circuit

Table 33  Port Mode Register B

PMRB
1 0 Port Selection
0 0 ZCD (low sensitivity mode)
1 ZCD (high sensitivity mode)*
1 0 D,
1 EVENT

Note: * Becomes low sensitivity in subactive mode.
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Table 34  Registers in Special Register Area

Name Address R/W  Bit Description
PMRA $004 w 0 R1,/S0 pin mode selection
1 R1,/SI pin mode selection
2 D,/INT, pin mode selection
3 D,,/INT, pin mode selection
SMR $005 W 2-0 Serial transmit clock speed selection
3 R1,/SCK pin mode selection
SRL $006 R/W  3-0 Serial interface data register, lower 4 bits
SRU $007 R/W  3-0 Serial interface data register, upper 4 bits
TMA $008 W 2-0 Input clock selection (timer A)
3 Timer-A/time-base mode selection
TMB $009 W 2-0 Input clock selection (timer B)
3 Auto-reload function selection

TCBL/TLRL  $00A R/W  3-0 Timer counter/timer load register (timer B), lower 4 bits

TCBU/TLRU  $00B R/W  3-0 Timer counter/timer load register (timer B), upper 4 bits

MIS $00C w 1,0 Interrupt frame period selection

2 R1,/SO PMOS off

3 Changeover to setting by system oscillator frequency
T™MC $00D W 2-0 Input clock selection (timer C)

3 Auto-reload function selection

TCCL/TCRL  $00E R/W  3-0 Timer counter/timer load register (timer C), lower 4 bits

TCCU/TCRU $00F R/W  3-0 Timer counter/timer load register (timer C), upper 4 bits

IMR $010 w 1,0 INT, detection edge selection
3,2 Zero-crossing detection edge selection
PMRB $011 w 1,0 D,/ZCD/EVENT pin mode selection
3,2 Do not use
PMRC $012 W 1,0 Buzzer frequency selection
2 R1,/ BUZZ pin mode selection
3 Pull-up MOS transistor on/off selection
LCR $013 w 0 LCD display selection
1 LCD power switch on/off selection
2 LCD display selection during watch mode
3 Do not use
LMR $014 w 1,0 LCD duty cycle selection
3,2 LCD input clock selection
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Name Address R/W  Bit Description
LOR $015 w 0 R2/SEG1-SEG4 pin mode selection

1 R3/SEG5-SEG8 pin mode selection

2 R4/SEG9-SEG12 pin mode selection

3 R5/SEG13-SEG16 pin mode selection
AMR $016 w 0 Conversion timing selection (A/D)

1 Do not use

3,2 Analog input selection (A/D)
ADRL $017 R 3-0 A/D data register, lower 4 bits
ADRU $018 R 3-0 A/D data register, upper 4 bits
DCRO $030 W 3-0 Data control register for port RO
DCR1 $031 w 3-0 Data control register for port R1
DCR2 $032 W 3-0 Data control register for port R2
DCR3 $033 W 3-0 Data control register for port R3
DCR4 $034 w 3-0 Data control register for port R4
DCR5 $035 W 3-0 Data control register for port RS
DCRB $03B w 3-0 Data control register for port D—D,
DCRC $03C w 3-0 Data control register for port D,—D,
DCRD $03D W 0 Data control register for port D

3-1 Do not use
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PROM Mode Description

Programming the Built-In ROM

The MCU'’s built-in ROM is programmed in PROM mode in which the pins are arranged as shown in
figure 42. PROM mode is set by pulliiiST, M,, andM, low, and RESET high as shown in figure 43.

In PROM mode, the MCU does not operate, but it can be programmed in the same way as any other
commercial 27256-type EPROM using a standard PROM programmer and a 64-to-28—pin socket adapter.
Recommended PROM programmers and socket adapters are listed in table 35.

Since an HMCS400-series instruction is ten bits long, the HMCS400-series MCU has a built-in conversion
circuit to enable use of a general-purpose PROM programmer. This circuit splits each instruction into a
lower five bits and an upper five bits that are read from or written to consecutive addresses. This means
that if, for example, 16 kwords of built-in PROM are to be programmed by a general-purpose PROM
programmer, a 32-kbyte address space ($0000-$7FFF) must be specified.

[]10 64 1 Ve
12 63 | o
13 62 ] Mo M1Vee Vee
Vee ] 4 61 ] CICICICICICICICICICICIId
i 5 60 64 63 62 61 60 59 58 57 56 55 54 53 52
*OEG 59% Voo L1 2
M1 v, 2 50 :l
Vec 7 58 L] GNCIS|:3 49
Vel 8 57 [ = sl
GND[] 9 56 ] TESTL 4 4
Ve |5 471
TESTL ] 10 55 ] cc = 467
v, 11 54
CCE 12 53 % RESET[ |7 45
GND[_]8 a4 ]
RESET[ | 13 52 ] Clo s3] o8
OE
GND[_] 14 51[ ] GND[] 10 HD4074329FS 42 cE
[]15 50 ] Clu HD4074329UFS s
GND[ | 16 HD4074329S 49| |OE A7 A4
A, ]17 HD4074320US 45 o Asl]12 40[_JAs
a[]1s HD4074320C =7 Aol|13 39 1A,
Ai 119 46 ] A: Al |14 38 1A,
12 45 ] A []15 37 _Joy
At 0 > Az 16 361
Ay 21 44 [ Jp, A12|: - 35306
Apl_]22 43 Joy A13|: 18 34:'05
As[] 23 42 Jog A14|: 1o 0] 84
3
A14E ;‘5‘ 23 %85 20 21 22 23 24 25 26 27 28 29 30 31 32
=k ©o N N
9 3 AgVrpAs A 0403020100Vc0001 02
Vppl | 27 38| 1o,
As[ |28 37 Jo,
As[] 29 36 ]oo Note: Externally connect pins of the same name. This is not
0,[]30 35 [ Jvee necessary if one of the sockets listed in table 35 is used.
oz |31 34 0o,
0,32 33 1o,

Figure 42 Pin Arrangement in PROM Mode
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Vee
Vee
7 |
Vee
RESET
TEST
M,
M

1 Data
0,-0 : >
! 0,-0,

Address
Vpp AocA ] AgPis

GND

5

Figure 43 PROM Mode Connections

Table 35  Recommended PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Manufacturer Model Name Package  Model Name Manufacturer
DATA 1/O Corp. 29B DP-64S HS432ESSO1H Hitachi
DC-64S
FP-64B HS432ESFO1H Hitachi
AVAL Data Corp. PKW-1000 DP-64S HS432ESS01H Hitachi
DC-64S

FP-64B HS432ESFO1H Hitachi
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Warnings

1. Always specify addresses $0000 to $7FFF when programming with a PROM programmer. If address
$8000 or higher is accessed, the PROM may not be programmed or verified correctly. Set all data in
unused addresses to $FF.

Note that the plastic-package version cannot be erased and reprogrammed, but the ceramic window-
package version can be reprogrammed after being exposed to ultraviolet light.

2. Make sure that the PROM programmer, socket adapter, and LSI are aligned correctly (their pin 1
positions match), otherwise overcurrents may damage the LSI. Before starting programming, make
sure that the LSl is firmly fixed in the socket adapter and the socket adapter is firmly fixed in the
programmer.

3. PROM programmers have two voltagesdV12.5 V and 21 V. Remember that ZTBTdevices
require a \§p of 12.5 V—the 21-V setting will damage them. 12.5 V is the Intel 27256 setting.

Programming and Verification: The built-in PROM of the MCU can be programmed at high speed
without risk of voltage stress or damage to data reliability.

Programming and verification modes are selected as shown in table 36.

For details of PROM programming, refer to the Notes on PROM Programming section.

Table 36 PROM Mode Selection

Pin
Mode CE OE Voo 0,-0,
Programming Low High Voo Data input
Verification High Low Vep Data output
Programming inhibited High High Vop High impedence

Erasure (Window Package)

Data in the PROM is erased by exposing the LSI to ultraviolet light of a wavelength of 2537 A for an
integrated dose of at least 15 W.s?crithese conditions can be satisfied by placing the LSI about 2 cm to
3 cm away from an ultraviolet lamp with a rating of 12,Q80/cn? for about 20 minutes. After erasure,

all PROM bits are set to 1.

For details of packages with windows, refer to the Notes on Window Packages section.
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Addressing Modes

RAM Addressing Modes
The MCU has three RAM addressing modes, as shown in figure 44 and described below.

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

Direct Addressing Mode: A direct addressing instruction consists of two words. The first word contains
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 consist of 16 digits from $040—
$04F, are accessed with the LAMR and XMRA instructions.

W register X register Y register

|W1‘WO‘X3‘Xz‘Xl‘XO‘Y3‘Y2‘Y1‘YO|

Yy v v VvV VvV VvV VvV VY Y ¥
RAM address |AP9 APg AP, APg AP AP, AP 5 AP, AP, AP0|

Register Indirect Addressing

1st word of instruction 2nd word of instruction

Opcode |d9‘d8‘d7‘d6‘d5‘d4‘d3‘d2‘d1‘d0|

Y y y Y Y Y Y Y A Y
RAM address |AP9 APg AP, APg4 APg AP, AP3; AP, AP, APO|

Direct Addressing

Instruction

‘ Opcode |m3 m, my m0|

0O 0 O 1 0 O

IR T TR T SR R N

RAM address |AP9 APg AP, APg AP5 AP, AP 3 AP, AP AP0|

Memory Register Addressing

Figure 44 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 45 and described below.

Direct Addressing Mode: A program can branch to any address in the ROM memory space by executing
the JMPL, BRL, or CALL instruction. Each of these instructions replaces the 14 program counter bits
(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 program

can branch to any address in the current page by executing the BR instruction. This instruction replaces the
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 the next
physical page, as shown in figure 47. This means that the execution of the BR instruction on a page
boundary will make the program branch to the next page.

Note that the HMCS400-Series cross macroassembler has an automatic paging feature for ROM pages.

Zero-Page Addressing Mode: A program can branch to the zero-page subroutine area located at $000—
$003F by executing the CAL instruction. When the CAL instruction is executed, 6 bits of immediate data
are placed in the six low-order bits of the program counte/HPG), 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-
bit 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 instruction
as shown in figure 46. If bit 8 of the ROM data is 1, eight bits of ROM data are written to the accumulator
and the B register. If bit 9 is 1, eight bits of ROM data are written to the RO and R1 port output registers.
If both bits 8 and 9 are 1, ROM data is written to the accumulator and the B register, and also to the RO and
R1 port output registers at the same time.

The P instruction has no effect on the program counter.
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[IMPL] 1§t w?rd of instructi(?n — — 2|jd w?rd oT instructi?n —
[BRL] | Opcode | P; P, P; Pg|dg dg d; dg ds d, dg d, d; dg |
[CALL] —_ ——— , 8, 7,76, 75, 4,73, 72,7,

L A N B B B S NN B B B N N A
Program counter |P<:13 PC,,PC,, PCy PCy PCg PC, PC4 PC5 PC, PC5 PC, PC, Pc0|

Direct Addressing

Instruction

[BR]|Op(::ode|b7:b6:b5:b4:b3:bz:b1:bo|

A Y \i A Y A Y Y
Program counter |PC,3PC;, PCy; PC;o PCy PCg PC; PC¢ PC PC, PC4 PC, PC, PCO|

Current Page Addressing

Instruction

[CAL]| ‘Op(::ode: |a5‘a4‘33‘32‘al‘a0|

0o 0 0 0O O O 0 O

¢¢¢¢¢¢‘¢¢‘VVvvvv

Program counter |P<:13 PC,,PC,, PCy PCy PCg PC, PC4 PC5 PC, PC5 PC, PC, Pc0|

Zero Page Addressing

Instruction
[TBR] " Opcode  |ps P, P, P .
: o ‘ ‘ | .21, °| B register Accumulator
|B3 B, By By A; A, A A0|
0 O
¢ ¢ Y A Y Y Y Y Y A Y \i \i Y

Program counter |F>c13 PC,,PCy; PC1o PCy PCg PC, PC4 PCy PC, PC,; PC, PC, PCO|

Table Data Addressing

Figure 45 ROM Addressing Modes
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Instruction
[P] | Opcode |p‘p‘p‘p|
‘ i : ‘ S,z 7t D B register Accumulator
|B3 B, By By Ay A, A; A0|
0 O ‘ ‘ ‘ ‘ ‘ ‘ ‘
¢ ¢ A \i Y Y Y A A \i \i \i Y Y

Referenced ROM address |RA13 RA;,RA;1 RA; RAg RAg RA; RAg RA; RA, RA; RA, RA; RAO|

Address Specification

ROM data |Ro9 RO RO; ROg RO5 RO, ROz RO, RO, ROO|

I T N R

Accumulator,Bregister| By B, B; By A; A, A; AO|IfR08:1

ROM data |R09 ROg RO; ROg RO5 RO, RO; RO, RO, ROO|

R

Output registers RO, R1 | 13| R1, | R1; |R1o|R05| RO, | RO, [RO,| ITROg =1

Pattern Output

Figure 46 P Instruction

256(n — 1) + 255
— L BR  AAA| 296N
—»-{ AAA NOP
— BR AAA | 256n + 254
L BR  BBB| 256n + 255
256(n + 1)
—» BBB NOP

Figure 47 Branching when Branch Destination is on a Page Boundary
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Absolute Maximum Ratings

Item Symbol Value Unit Notes
Power voltage Ve -0.3to +7.0 \%
Programming voltage Vop -0.3t0 +14.0 \% 1
Pin voltage Vi, -0.3to V. +0.3 \%
Total permissible input current 31, 100 mA 2
Total permissible output current =Y 1, 50 mA 3
Maximum input current I 4 mA 4,5
30 mA 4,6
Maximum output current -, 4 mA 7,8
Operating temperature Topr —20to +75 °C
Storage temperature Teq -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 table. If these conditions are
exceeded, the LSI may malfunction or its reliability may be affected.

1.
2.

w

© N o gk

76

Dy, (V,p) Of the HD4074329 and HD4074329U.

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

V. to all /O pins.

The maximum input current is the maximum current flowing from any I/O pin to ground.

Applies to Dy, RO-R5.

Applies to D,—-D,.

The maximum output current is the maximum current flowing from V. to any 1/O pin.
Applies to D,—D,, RO-R5.
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Electrical Characteristics

DC Characteristics (HD404324, HD404326, HD404328:.¥ = 2.7 V t0 6.0 V, GND = 0.0 V, I=
—20°C to +75°C; HD404324U, HD404326U, HD404328U: ¥ =2.7Vt0 6.0V, GND =0.0V, T=
—-40°C to +85°C; HD4074329, HD4074329U: ¥. = 2.9 V to 55 V, GND = 0.0 V, T =
—20°Cto+75°C; unless otherwise specified)

Iltem Symbol Pin(s) Min Typ Max Unit Test Conditions Notes

Input high voltage  V,, RESET, SCK,INT,, 0.8V, — V. +03 V  HD404324,
INT,, SI,EVENT HD404324U:

HD404326,

HD404326U:

HD404328,

HD404328U:

Vee=35V106.0V

HD4074329,
HD4074329U:

Vee=35V1t055V

0.9Vee — Vec#03 V

osc, Vee—05 — Vg +03 V  HD404324,
HD404324U:
HD404326,
HD404326U:
HD404328,
HD404328U:

Vee=35V106.0V

HD4074329,
HD4074329U:

Vee=35V1055V

Vee—03 — Vo +03 V

Input low voltage V. RESET, SCK,INT,, -0.3 — 0.2V V. HD404324,
INT,,EVENT, SI HD404324U:

HD4043286,

HD404326U:

HD404328,

HD404328U:

Vee=35V106.0V

HD4074329,
HD4074329U:

Vee=35V1055V
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DC Characteristics (HD404324, HD404326, HD404328:.¥ = 2.7 V to 6.0 V, GND = 0.0 V, I=
—20°C to +75°C; HD404324U, HD404326U, HD404328U: ¥ =2.7Vt0 6.0V, GND =0.0V, J=
—-40°C to +85°C; HD4074329, HD4074329U: ¥, = 2.9 V to 55 V, GND = 0.0 V, T =
—20°Cto+75°C; unless otherwise specified) (copt

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

Input low voltage V. 0SC, -0.3 — 05 \% HD404324,
HD404324U:
HD404326,
HD404326U:
HD404328,
HD404328U:

Vee=35V106.0V

HD4074329,
HD4074329U:

Vee=35V1t055V

-0.3 — 03 Vv
Output high Vou SCK, SO, BUZZ Vee—10 — — V. g, =05mA
voltage
Output low voltage Vg, SCK, SO, BUZZ — — 04 \ lor = 0.4 mA
I/0 leakage current |I, | RESET, SCK, INT,, — — 10 MA V=010 Ve 1
INT,, SI, SO, OSC,,
BUZZ
Current dissipation I Vee — 3 6 mA V=50V, 2
in active mode fose = 4 MHz
Current dissipation lgg, Ve — 06 1.5 mA V=30V, 3
in standby mode LCD on
Current dissipation lg g Vee — 50 70 HA  HD404324,
in subactive mode HD404326,
HD404328:
Ve =3.0V,
LCDon
— 40 60 HA  HD404324U,
HD404326U,
HD404328U:
Vee =30V,
LCDon
— 70 150 HA  HD4074329:
Ve =3.0V,
LCD on
— 60 140 HA  HD4074329U:
Ve =3.0V,
LCD on
Current dissipation |y, Vee — 4 15 MA  V=3.0V, 4
in watch mode(1) LCD off
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DC Characteristics (HD404324, HD404326, HD404328: ;¥ = 2.7 Vt0 6.0 V, GND = 0.0 V, T=
—20°C to +75°C; HD404324U, HD404326U, HD404328U: ¥ =2.7V t0 6.0V, GND =0.0V, J=
—-40°C to +85°C; HD4074329, HD4074329U: ¥ =29V to 5.5V, GND = 0.0V, T=-20C to
+75°C; unless otherwise specified) (coint

Item Symbol  Pin(s) Min Typ Max Unit Test Conditions Notes
Current dissipation |y, Vee — 15 35 HA  HD404324, 4
in watch mode(2) HD404326,
HD404328,
HD4074329:
Ve =3.0V,
LCD on
— 5 25 HUA  HDA404324U, 4
HD404326U,
HD404328U,
HD4074329U:
Vee=3.0V,
LCD on
Current dissipation lgrqp Vee — 1 10 HA V=30V, 4
in stop mode X1 =Vee
Stop mode retain  Vgrop Ve 2 - — \ No 32-kHz oscillator 5
voltage
Notes: 1. Output buffer current is excluded.
2. lee, is the source current when no I/O current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins:  RESET, TEST, DD, D,, D,,, RO-R5 at V.
D, open
3. lgy is the source current when no I/O current is flowing while the MCU timer is in operation.
Test conditions: MCU:  1/O reset
Serial interface stopped
Standby mode
Pins: RESET at GND
TEST, D-D,, D,, D,,, RO-R5 at V.
D, open
4. D,,is connected to V. in the HD4074329 and HD4074329U.

RAM data retention.
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I/O Characteristics for Standard Pins (HD404324, HD404326, HD404328:.¥ = 2.7 V t0 6.0 V, GND
= 0.0V, T,=-20C to +75°C; HD404324U, HD404326U, HD404328U: } =2.7Vt0 6.0 V, GND =
0.0 V, T, = —-4C0C to +85°C; HD4074329, HD4074329U: V. =29V to 55V, GND =00V, T=
—20°C to +75°C; unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Conditions Note
Input high voltage  V,, Dg—D,o, 0.7V —  V,+03 V
RO-R5
Input low voltage V. Dg—Dyo, -0.3 — 0.3V \Y
RO-R5
Output high Vou Dg, RO-R5 Vee—10 —  — V. —lgy=05mA
voltage
Output low voltage Vg, Dg, RO-R5 — — 04 \Y lo. = 0.4 mA
I/O leakage current [l | Dg, Dy, — — 10 MA V=010V *
RO-R5
D1o — — 10 WA HD404324, *
HD404324U,
HD404326,
HD404326U,
HD404328,
HD404328U:
V,, =0to V.
— — 200 HA  HD4074329,
HD4074329U
V,, =010 Ve
Pull-up MOS . Dg, RO-R5 5 25 90 A V=30V,
current V., =00V

Note: * Output buffer current is excluded.
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I/O Characteristics for High-Current Pins (HD404324, HD404326, HD404328: \. = 2.7 V 10 6.0 V,
GND = 0.0 V, T, = -20C to +75C; HD404324U, HD404326U, HD404328U: ¥ =2.7 V t0 6.0 V,
GND =0.0V, T, = —-40CC to +85°C; HD4074329, HD4074329U: ¥, =29Vto55V,GND=0.0V, T
=-20°C to +75°C; unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Conditions Note
Input high voltage  V,, D,—D; 0.7V —  V,+03 V
Input low voltage V. D,—D; -0.3 — 0.3V \%
Output high Vou D,—D; Vee-10 —  — \% —loy = 0.5 mA
voltage
Output low voltage Vg, D,-D; — — 04 \ lo. = 0.4 mA
— — 20 \Y HD404324,
HD404324U,
HD404326,
HD404326U,
HD404328,
HD404328U:
lo. =15 mMA,
Vee=45V106.0V
HD4074329,
HD4074329U:
lo. =15 mA,
Vec=45V1to55V
I/0 leakage current |l | Dy-D;, — — 10 AV, =010 Ve *
Pull-up MOS —loy D,-D; 5 25 90 MA  V,=3.0,V,=0
current

Note: * Output buffer current is excluded.
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LCD Circuit Characteristics (HD404324, HD404326, HD404328: M. = 2.7 V10 6.0V, GND = 0.0 V,
T,=-20C to +75°C; HD404324U, HD404326U, HD404328U: M =2.7Vt06.0V,GND =00V, T
= —40°C to +85°C; HD4074329, HD4074329U: ¥, =29V to 55V, GND = 0.0 V, T=-20°C to

+75°C; unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Conditions Note

Segment driver Vps SEG1-SEG24 — — 06 \% l4=3.0 pA 1
voltage drop

Common driver Voc COM1-COM4 — — 03 \ lg= 3.0 A 1
voltage drop

LCD power supply Ry, 100 300 900 kQ HD404324,
division resistor HD404326,
HD404328,
HD4074329:

Between V, and
GND,

V1= Ve

LCD voltage Viw VW 2.7 — Ve V. HD404324, 2
HD404324U,
HD404326,
HD404326U,
HD404328,
HD404328U

2.9 — Ve \Y HD4074329, 2
HD4074329U

Notes: 1. Vg and V. are the voltage drops from power supply pins V,, V,, and V,, and GND to each
segment pin and each common pin.

2. When V., is supplied from an external source, the following relations must be retained: V.. =V,
2V,2V,=GND
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A/D Converter Characteristics (HD404324, HD404326, HD404328:¢ = 2.7 V t0 6.0 V, AV, = 0.0
V, T,=-20C to +75°C; HD404324U, HD404326U, HD404328U: ¥ =2.7 V10 6.0 V, A\ys= 0.0 V,
T, =-40°C to +85°C; HD4074329, HD4074329U: . =29V to 5.5V, A4s=0.0V, T,=-20C to
+75°C; unless otherwise specified)

Item Symbol  Pin(s) Min Typ Max Unit Test Conditions Note
Analog power AV AV Vee—03 Ve Ve c+t03 V
voltage
Analog input voltage AV, AN—AN, AV — AV \
Current between Iap — — 50 — MA Vo = AV =50V
AV and AVgq
Analog input CA, ANy—AN, — 30 — pF
capacitance
Resolution 8 8 8 Bit
Number of inputs 0 — 4 Cha
nnel
Absolute accuracy — — x20 LSB *
Conversion period 34 — 67 toye
Analog input ANy—AN, 1 - = MQ f=1MHz,
impedance

V, =00V

Note: * Operating frequency of A/D conversion fue. is from 1 (MHz) to 4.5 (MHz).

Zero-Crossing Detection Circuit Characteristics

Low Sensitivity Mode (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U:
Vee=2.7V106.0V,GND =0.0V, JT=0C to +70C°C; HD4074329, HD4074329U: . =3.0Vt0 5.5
V,GND =0.0V, T,=0°C to +7C¢°C; unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Zero-crossing Ve ZCD 2.0 — 3.0 Ve, AC connection,
detection input C=0.1pF
voltage
Zero-crossing Vs — — 750 mV f,. =50/60 Hz Refer to
detection (sine wave), figure
accuracy 48
fosc =4 MHz

Zero-crossing fc 45 — 250 Hz
detection input
frequency
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High Sensitivity Mode (V.c= 5.0V, GND = 0.0 V, T = 0°C to 70°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Zero-crossing Ve ZCD 2.0 — 3.0 V., AC connection,
detection input C=01pF
voltage
Zero-crossing Vs — — #100 mV f,. =50/60 Hz Refer to
detection accuracy (sine wave) figure
‘ 48

fosc = 4 MHz,

Ve =5.0V
Zero-crossing foe 45 — 1000 Hz
detection input
frequency

\
| | A
. : : \4
AC Input T \ T \ f }{ AZC Vzc(p_p)
\ \ / v Vazc

Internal CPU signal

Note: The internal CPU signal is shown lagging behind the original waveform in the figure, but this is not

fixed—it could actually lead.

Figure 48 Zero-Crossing Detection
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AC Characteristics (HD404324, HD404326, HD404328: ¥ = 2.7 Vto 6.0 V, GND = 0.0 V, J=
—20°C to +75°C; HD404324U, HD404326U, HD404328U: ¥ =2.7V t0 6.0V, GND =0.0V, J=
—4@°C to +85°C; HD4074329, HD4074329U: ¥, =2.9V to 5.5V, GND = 0.0V, J=-20C to +75°C;
unless otherwise specified)

Item Symbol  Pin(s) Min  Typ Max Unit Test Conditions Note
Clock oscillation frequency foqc 0SC,, OSC, 0.4 4.0 4.5 MHz 1/8 division, 1
32 kHz used
0.4 4.0 45 MHz 1/8 division used,

32 kHz not used

X1, X2 — 32.768 — kHz

Instruction cycle time toye — 2 — ps  fogse =4 MHz
Oscillation stabilization tre 0SC,, OSC, — — 40 ms  HD404324, 2
time(crystal) HD404324U,

HD404326,

HD404326U,

HD404328,

HD404328U:

Vee=35V106.0V

HD4074329,

HD4074329U:

Vee=35Vt055V

Y — 60 ms 2

Oscillation stabilization tre 0SsC,, OSC, — — 20 ms  HD404324, 2
time(ceramic) HD404324U,

HD404326,

HD404326U,

HD404328,

HD404328U:

Ve =35Vt06.0V

HD4074329,

HD4074329U:

Vec=35Vto55V

— — 60 ms 2
Oscillation stabilization tre X1, X2 — — 3 S 3
time
External clock high width  t.p, 0SsC, 90 — — ns 4
External clock low width tepL 0SsC, 90 — — ns 4
External clock rise time tepr 0SsC, — — 20 ns 4
External clock fall time tept 0SsC, — — 20 ns 4
INT,, INT,, EVENT high  t, INT,, INT,, 2 — — tye! 5
width EVENT tubeye
INT,, INT,, EVENT width  t, INT,, INT,, 2 — — () 5
EVENT Gubeye
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Item Symbol  Pin(s) Min Typ  Max Unit Test Conditions Note
RESET high width trsTh RESET 2 — — foye 6
RESET fall time trsTt RESET — — 20 ms 6
Input capacitance Ci All pins except — — 30 pF  f=1MHz V,,=00V
D,y ANg—AN,
Do — — 30 pF  HD404324,
HD404324U,
HD404326,
HD404326U,
HD404328,
HD404328U:
f=1 MHz,
V,=0.0V
— — 180 pF  HD4074329,
HD4074329U:
f=1 MHz,
V,=0.0V
Notes: 1. If fogc = 0.4 MHz to 1.0 MHz, bit 3 of the miscellaneous register (MIS: $00C) must be set to 1; if

86

fosc = 1.6 MHz to 4.5 MHz, bit 3 must be set to 0. Do not use f,s. = 1.0 MHz to1.6 MHz with 32-
kHz oscillation.

The oscillation stabilization time is the time required for the oscillator to stabilize after V.
reaches 2.7 V (2.9 V for the HD4074329 and HD4074329U, or 3.5 Vif V.. =3.5Vt0 5.5V) at
power-on or after RESET input goes high after stop mode is canceled. At power-on and when
stop mode is cancelled, RESET must be input for at least t.. to ensure the oscillation
stabilization time. If using a crystal oscillator or a ceramic oscillator, contact its manufacturer to
determine what stabilization time is required, since it will depend on the circuit constants and
stray capacitances.

The oscillation stabilization time is the time required for the oscillator to stabilize after V.
reaches 2.7 V (2.9 V for the HD4074329 and HD4074329U) at power-on—at least t;. must be
ensured. If using a 32.768-kHz crystal oscillator, contact its manufacturer to determine what
stabilization time is required, since it will depend on the circuit constants and stray capacitances.

Refer to figure 49.
Refer to figure 50. The t

The t,,,. unit applies when the MCU is in watch or subactive mode. t
kHz crystal)

Refer to figure 51.

unit applies when the MCU is in standby or active mode.
=244.14 ps (32.768-

subcyc
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Serial Interface Timing Characteristics (HD404324, HD404326, HD404328:.¥ = 2.7 V to 6.0 V,
GND = 0.0 V, T, = =20C to +75°C; HD404324U, HD404326U, HD404328U: } = 2.7 V t0 6.0 V,
GND =0.0V, T, = -40C to +85°C; HD4074329, HD4074329U: ¥, =29V t055V,GND =00V, T
=-20°C to +75°C; unless otherwise specified)

During Transmit Clock Output

Iltem Symbol Pin Min Typ  Max Unit  Test Conditions Notes
Transmit clock cycle time  tg,. SCK 1.0 — — tye,  Load shownin figure 53 1,2
tsubcyc
Transmit clock high width  tg, SCK 0.3 — — tse  LOad shownin figure 53 1
Transmit clock low width  tgo SCK 0.3 — — tsee  LOad shownin figure 53 1
Transmit clock rise time tsckr SCK — — 100 ns HD404324, HD404324U, 1
HD404326, HD404326U,
HD404328, HD404328U:
Ve =3.5V106.0V,
load shown in figure 53
HD4074329, 1
HD4074329U:
Ve =35V1t055V,
load shown in figure 53
— — 200 ns Load shown in figure 53 1

Transmit clock fall time tscxr SCK — — 100 ns HD404324, HD404324U, 1
HD404326, HD404326U,
HD404328, HD404328U:

Vec=35V106.0V,
load shown in figure 53

HD4074329, 1
HD4074329U:

Vee=35V1t055V,

load shown in figure 53

=

— — 200 ns Load shown in figure 53

Serial output data delay  tygo SO — — 300 ns HD404324, HD404324U, 1
time HD404326, HD404326U,
HD404328, HD404328U:

Ve =35V 106.0V,
load shown in figure 53

HD4074329, 1
HD4074329U:

Ve =35V1t055Y,
load shown in figure 53

— — 500 ns Load shown in figure 53 1

Notes: 1. Refer to figure 52.
2. Thet unit applies when subactive mode is operating.

subcyc
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Item Symbol Pin Min Typ Max Unit Test Conditions Note
Serial input data setup tss) Sl 200 — — ns HD404324, HD404324U, *
time HD404326, HD404326U,
HD404328, HD404328U:
Vee=35V1t06.0V
HD4074329, *
HD4074329U:
Ve =35Vt055V
300 — — ns *
Serial input data hold time  t,g, Sl 150 — — ns HD404324, HD404324U, *
HD404326, HD404326U,
HD404328, HD404328U
Ve =3.5V106.0V
HD4074329, *
HD4074329U
Vee=35V1t055V
300 — — ns *
Note: * Refer to figure 52.
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During Transmit Clock Input

Iltem Symbol Pin Min Typ Max  Unit Test Conditions Notes
Transmit clock cycle time tseye SCK 1.0 — — toyer Lsubcye 1,2
Transmit clock high width toern SCK 0.3 — — tooye 1
Transmit clock low width tsexe SCK 0.3 — — tooye 1
Transmit clock rise time tsckr SCK — — 100 ns HD404324, HD404324U, 1

HD404326, HD404326U,
HD404328, HD404328U:

Vee=3.5V106.0V
HD4074329, HD4074329U: 1
Vee=35Vt055V

— — 200 ns 1
Transmit clock fall time tseks SCK — — 100 ns HD404324, HD404324U, 1
HD404326, HD404326U,
HD404328, HD404328U:
Vee=35V1t06.0V
HD4074329, HD4074329U: 1
Vee=35Vt055V
— & 200 ns 1
Serial output data delay time tygo SO — — 300 ns HD404324, HD404324U, 1
HD404326, HD404326U,
HD404328, HD404328U:
Vee=35V106.0V,
load shown in figure 53
HD4074329, HD4074329U: 1
Vec=35V1t055YV,
load shown in figure 53
— — 500 ns Load shown in figure 53 1
Serial input data setup time  tgg SI 200 — — ns HD404324, HD404324U, 1
HD404326, HD404326U,
HD404328, HD404328U:
Vec=35V106.0V
HD4074329, HD4074329U: 1
Vee=35V1t055V
300 — — ns 1
Serial input data hold time tus) SI 150 — — ns HD404324, HD404324U, 1

HD404326, HD404326U,
HD404328, HD404328U:

Vee=35Vt06.0V
HD4074329, HD4074329U: 1
Vee=35Vt055V

300 — — ns 1

Notes: 1. Refer to figure 52.
2. Thet unit applies when subactive mode is operating.

subcyc
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Vce=3.5V106.0V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Ve =3.5V1t05.5V (HD4074329, HD4074329U)

1Ufep
Vee —0.5V, .
0.5V tepy A
OSCl .4> - — |-
tepr teps

Vee = 2.7V 1o 3.5V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vee =2.9Vto 3.5V (HD4074329, HD4074329V)

Ufep
Vee —0.3V,
tepu
1 — -—
tepr tept

Figure 49 Oscillator Timing

Vee = 3.5V 10 6.0 V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vee = 3.5V 10 5.5 V (HD4074329, HD4074329U)

0.8Vee
INTo, INT,, EVENT

Vee = 2.7 Vto 3.5V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vee =2.9Vto 3.5V (HD4074329, HD4074329U)

INTo, INT;, EVENT

Figure 50 Interrupt Timing

RENESAS

90




HD404328 Series

Vce = 3.5V 10 6.0 V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vee =3.5V 1o 5.5V (HD4074329, HD4074329U)

RESET

tRrsT

Vee = 2.7V to 3.5V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vee =2.9Vto 3.5V (HD4074329, HD4074329U)

RESET
0.1Vce

trsTf

Figure 51 Reset Timing
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HD404328 Series

Vce =3.5V 10 6.0 V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328UV)
Vce =3.5Vto 5.5V (HD4074329, HD4074329U)

tScyc
t
sel Lsckr tsckHD
Ve —2.0V (0.8Von)* ‘—XK—
cc cc

SCK 0.8V (0.2Vee)* /

o |<lpso
SO Vee—20V ><

0.8V

Sl

Note: * V- —2.0 V and 0.8 V are the threshold voltages for transmit clock output,
0.8V and 0.2V are the threshold voltages for transmit clock input, and
thso» tggys @nd g, are the timings used with transmit clock input voltages.

Vce = 2.7 Vto 3.5V (HD404324, HD404324U, HD404326, HD404326U, HD404328, HD404328U)
Vce =2.9Vto 3.5V (HD4074329, HD4074329U)

tsckr
—

—~ Vee—0.5V (0.9Vc)*
SCK 0.4V (0.1V)*

—

SO

Sl

Note: * V- — 0.5V and 0.4 V are the threshold voltages for transmit clock output,
0.9V and 0.1V are the threshold voltages for transmit clock input, and
thso lsgr» @and tyg, are the timings used with transmit clock input voltages.

Figure 52 Serial Interface Timing

Vce
Test _
point RL= 2.6 kQ
07
C — R 152074 (H)
30 pF 12 kQ or equivalent
Veza

Figure 53 Timing Load Circuit
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HD404328 Series

Option List HD404324, HD404324Li, HD404326, HD404326U, HD404328,

HD404328U

Please check off the appropriate applications and enter the necessary information.

Date of order
Customer
1. ROM size Department
[] HD404324 4-kword With internal ROM code name
[ HD404326 6-kword LCD voltage LSI number (to be
[] HD404328 8-kword division registers filled in by Hitachi)
[] HD404324U 4-kword Without internal
[1 HD404326U 6-kword LCD voltage
[ ] HD404328U 8-kword division registers

2. Optional Function (1)

*[] With 32-kHz CPU operation

*[] Without 32-kHz CPU operation, with time-base for clock
[] Without 32-kHz CPU operation, without time-base

Note: * Options marked with an asterisk require a subsystem
crystal oscillator (X1, X2).

3. Optional Function (2)
[] With zero-crossing detection function
[] Without zero-crossing detection function

4. ROM Code Media
Please specify the first type below (the upper bits and lower bits are mixed together), when using
the EPROM on-package microcomputer type (including ZTAT™ version).

[] EPROM: 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...).

(] EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.

5. System Oscillator for OSC1 and OSC2

[] Ceramic oscillator | f= MHz
[] Crystal oscillator f= MHz
[] External clock f= MHz
6. Stop Mode 7. Packages
[] Used [] DP-64S
[] Notused [] FP-64A

[] FP-64B
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HD404328 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 document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

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

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

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

5. This product is not designed to be radiation resistant.
6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.
7. Contact Hitachi’'s sales office for any questions regarding this document or Hitachi semiconductor
products.

Copyright © Hitachi, Ltd., 1998. All rights reserved. Printed in Japan.
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