HD404629 Series

Description

The HD404629 Series is part of the HMCS400-
Series microcomputers designed to increase
program productivity and also incorporate large-
capacity memory. Each microcomputer has a high
precision dual-tone multifrequency (DTMF) gener-
ator, LCD controller/driver, A/D converter, input
capture circuit, 32-kHz oscillator for clock, and
four low-power dissipation modes.

The HD404629 Series includes four chips: the
HD404628 with 8-kword ROM; the HD4046212
with 12-kword ROM; the HD404629 with 16-
kword ROM; the HD4074629 with 16-kword
PROM.

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

Features

¢ 16,384-word x 10-bit ROM

(the ZTAT™ version is 27256-compatible)
1,876-digit x 4-bit RAM

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

Four timer/counters

8-bit input capture circuit

Three timer outputs (including two PWM out-
puts)
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Two event counter inputs (including one double-

edge function)

Clock-synchronous 8-bit serial interface

A/D converter (4 channels x 8 bits)

LCD controller/driver (52 segments X 4 commons)

On-chip DTMF generator

Built-in oscillators

— Main clock: 4-MHz ceramic (an external
clock is also possible)

— Subclock: 32.768-kHz crystal

Eleven interrupt sources

— Five by external sources, including three
double-edge functions

— Six by internal sources

Subroutine stack up to 16 levels, including inter-

Tupts

Four low-power dissipation modes

— Subactive mode

— Standby mode

— Watch mode

— Stop mode

One external input for transition from stop mode

to active mode

Instruction cycle time (min.): 1 ps (fogc = 4

MHz)

Operation voltage
Vee =2.7 V1o 6.0 V (HD404629)
Vee =2.7 Vio 5.5 V (HD4074629)

Two operating modes

— MCU mode

— MCU/PROM mode (HD4074629 only)

164 Hitachi

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HD404629 Series

Ordering Information
Type Product Name Model Name ROM (Words) Package
Mask ROM HD404628 HD404628H 8,192 100-pin plastic QFP
(FP-100B)
HD404628FS 100-pin plastic QFP
(FP-100A)
HD404628TF 100-pin plastic TQFP
(TFP-100B)
HD4046212 HD4046212H 12,288 100-pin plastic QFP
(FP-1008B)
HD4046212FS 100-pin plastic QFP
(FP-100A)
HD4046212TF 100-pin plastic TQFP
(TFP-100B)
HD404629 HD404629H 16,384 100-pin plastic QFP
(FP-100B)
HD404629FS 100-pin plastic QFP
(FP-100A)
HD404629TF 100-pin plastic TQFP
(TFP-100B)
ZTAT™ HD4074629 HD4074629H 16,384 100-pin plastic QFP
(FP-100B)
HD4074629FS 100-pin plastic QFP
(FP-100A)
HD4074629TF 100-pin plastic TQFP
(TFP-100B)
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HD404629 Series

Pin Arrangement
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HD404629 Series

Pin Arrangement
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HD404629 Series

Pin Description

Pin Number
FP-100B

tem Symbol TFP-100B FP-100A /0 Function

Power Vee 97 99 Applies power voltage

supply GND 13 15 Connected to ground

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

Reset RESET 10 12 1 Resets the MCU

Oscillator OSC, 8 10 | Input/output pins for the internal oscillator circuit:

0SC, 9 1 o  Connect them to a ceramic oscillator or connect
OSC; to an external oscillator circuit

X1 1 13 | Used for a 32.768-kHz crystal for clock purposes.

X2 12 14 o [lfnotto be used, fix the X1 pin to V¢ and leave
the X2 pin open.

Port Do-Dg 14-23 16-25 /O Input/output pins addressed by individual bits;
pins Dg—Dg are high-current pins that can each
supply up to 15 mA

Dy, Dyq 24,25 26,27 | Input pins addressable by individual bits
R0o—-R73 26-57 28-59 /O Input/output pins addressable in 4-bit units

Interrupt  TNT,, TNT,, 25-29 27-31 | Input pins for external interrupts
INT~INT,

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

Serial 8CK 35 37 /O Serial interface clock input/output pin

interface Sl 36 38 | Serial interface receive data input pin

SO 37 39 O Serial interface transmit data output pin

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

TOD
EVNB, EVND 33, 34 35,36 |  Eventcountinput pins

LCD Vi, Va, V3 94-96 96-98 Power pins for LCD controller/driver; may be left
open during operation since they are connected by
internal voltage division resistors.

Voltage conditions are: Voo 2 V42 Vo 2 V3 2 GND
COM1-COM4 90-93 g2-95 O Common signal pins for LCD
SEG1-SEG52 38-89 40-91 O Segment signal pins for LCD

A/D AVee 1 3 Power pin for A/D converter: Connect it to the

converter same potential as V¢, as physically close to the
Vce pin as possible

AVgg 6 8 Ground for AV¢c: Connect it to the same potential
as GND, as physically close to the GND pin as
possible

ANG—AN, 2-5 4-7 | Analog input pins for A/D converter

DTMF TONER 99 1 O  Output pin for DTMF row signais

TONEC 98 100 O  Output pin for DTMF column signals

Vet 100 2 Reference voltage pin for DTMF signals.
Voltage conditions are: Vgg = VT 2 GND
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HD404629 Series

Block Diagram
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HD404629 Series

Memory Map
ROM Memory Map

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

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

Zero-Page Subroutine Area ($0000-$003F):
Reserved for subroutines. The program branches
to a subroutine in this area in response to the CAL
instruction.

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

Program Area ($0000-$1FFF: HD404628;

tinues from the vector address. $0000-$2FFF: HD4046212; $0000-$3FFF;
HD404629, HD4074629): Used for program
coding.

0 $0000 0 JMPL instruction _] $0000
Vector address 1 |(jump to RESET, STOPC routine)| $0001
15 $000F 2 JMPL instruction _| so0002
3 (jump to INT, routine) $0003
4l JMPL instruction _| $0004
Zem?agsv gurdb;;wﬁne 5 (jump to INT; routine) $0005
6 JMPL instruction _| $0006
63 $003F 7 (jump to timer A routine) $0007
Patiern 8] JMPL instruction _| $0008
(4096 words) g | (jump to timer B, INT; routine) | $0009
10 | JMPL instruction _| $000A
4095 | $OFFF 11 | (jump to timer C, INT3 routine) | $0008
HD404628 121 JMPL instruction _| $oooC
Program 13 | (jump to timer D, INT 4 routine) | $000D
(8,192 words) 4] JMPL instruction _| $o00E
8191 $1FFF 15 (jump to A/D, serial routine) $000F

HD4046212 :

Program
(12,288 words)
12287 $2FFF
HD404629, HD4074629
rogram
16383 (16,384 words) $3FFF

Figure1 ROM Memory Map
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HD404629 Series

RAM Memory Map

The MCU contains a 1,876-digit x 4-bit RAM area
consisting of a memory register area, an LCD data
area, a data area, and a stack area. In addition, an
interrupt control bits area, special register area, and
register flag area are mapped onto the same RAM
memory space as a RAM-mapped register area
outside the above areas. The RAM memory map
is shown in figure 2 and described below.

RAM-Mapped Register Area ($000—$03F):

* Interrupt Control Bits Area ($000-$003)

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

* Special Function Register Area ($004-$01F,
$024-$03F)
This area is used as mode registers and data reg-
isters for external interrupts, serial interface,
timer/counters, LCD, A/D converter, and as data
control registers for I/O ports. The structure is
shown in figures 2 and 5. These registers can be
classified into three types: write-only (W), read-
only (R), and read/write (R/W). The SEM,
SEMD, REM, and REMD instructions can be
used for the LCD control register (LCR: $01B),
but RAM bit manipulation instructions cannot be
used for other registers.

Register Flag Area ($020-$023)
This area is used for the DTON, WDON, and
other register flags and interrupt control bits (fig-

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

Memory Register (MR) Area ($040-$04F):
Consisting of 16 addresses, this area (MR0O-MR15)
can be accessed by register-register instructions
(LAMR and XMRA). The structure is shown in
figure 6.

LCD Data Area ($050-$083): Used for storing
52-digit LCD data which is automatically output to
LCD segments as display data. Data 1 lights the
corresponding LCD segment; data 0 extinguishes
it. Refer to the LCD description for details.

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

Stack Area ($3C0-$3FF): Used for saving the
contents of the program counter (PC), status flag
(ST), and carry flag (CA) at subroutine call (CAL
or CALL instruction) and for 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 fig-
ure 6.

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.
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HD404629 Series

(464 digits)| | (464 digits)| | (464 digits)
V=0 V=1 Va2

] $000 0 . $000

o RAM-mapped registers 3 Interrupt control bits area ' $003

4| Port mode register A (PMRA): W | $004

64 Memory registers (MR) $040 5| Serial mode register A (SMRA): W | $005

$050 6| Serial data regi lower (SRL): RW | $006

LCD display area (52 digits) 7| _Serial data register upper (SRU): RW | $007

132 8| Timer mode register A (TMA): W | $008

1 Not used :833 9| Timer mode register B1 (TMB1): W | $009

10| TimerB (TRBL/TWBL): RW | $00A } .

Data (464 digits x 3)"' 1; Py - il RBU/W:::)E AW | s008 J
V= 0 (bank 0) Misc g (MIS): W_|$00C
e V =1 (bank 1) 131 Timer mode register C MC1), W | $00D
: V = 2 (bank 2) 14] TimerC (TRCLTWCL), RW_| $00E \
: 15 (TRCUTWCU) RW | $00F S !
: 16 Timer mode register D1 _(TMD1): W | $010 !
H 608 $260 17| TimerD (TRDL/TWDL), RW | $011 } o
: Data (352 digits) (TRDUTWDU} pw | $012 :
: Timer mode register B2 (TMB2): RW | $013 :
: 960 Ijmer mx register 82 ﬂ(!:gz;z RW 231; E
' - imer m register D2 2) RW 1 !
: Stack (64 digits) A/D mode register (AMR)! w | so16 H
: 1023 AD data register lower  (ADL), R | $017 :
! A/D data register upper _(ADU} R | $018 !
! TG mode register (TGM} W | s019 ;
: TG control register (TGC): W | $01A :
| geemememcemmcmecmemecmemeecmemmeemeeeean, . LCD control register (LCR)) W | $01B '
; LCD mode register (LMR} W | $01C |
H LCD output register 1 (LOR1): W | $01D :
H LCD output register 2 (LOR2): W | $01E H
Data Data Data LCD output register 3___(LOR3), W | $01F |

10 [ Timer read register B lower (TRBL): R | Timer write register B lower (TWBL) ! W | $00A
11 [ Timer read register B upper (TRBU)! R | Timer write register B upper (TWBU): W | $00B

Register flag area $020
(bank = 0) | | oank = 1) | | (bank = 2) $023
Port mode register B (PMRB): W | $024 :
Port mode register C  (PMRC) W | $025 ;
___________________________________________ Detection edge seolect registor 1 (ESR1)! W $026 E
Detection edge select register 2 (ESR2): W | $027 !
Notes: 1. The data area has three banks: Serial mode register B (SMRB), W | $028 :
2. Tuo regiters are mapped Systom dock selec rogiter (SSRY W_| $029 |
on the same area. Not used $028 E
\?v: 3;:: ::II; Port Dg-D3 DCR (DCDO);, w | $02¢ !
. . Port D4D; DCR (DCD1)_w_ | $02D :
RW: Readfwrite PonDgandD,DCR ___(DCD2) W | $02E |
Not used $02F 1
Part R0 DCR (DCRO)! W __| $030 :
Port R1 DCR (DCR1)! W | $031 ;
Port R2 DCR (DCR2); w_ | $032 i
Port R3 DCR (DCR3): w__| $033 :
Port R4 DCR (DCR4)! W | $034 H
Port R5 DCR (DCR5): W __| $035 i
Port R6 DCR (OCR6): w_ | $036 i
Port R7 DCR (DCR7); w | $037 ;
Not used $038 i
. $03E !
V register (V)! RW | $03F :

14 [ Timer read register C lower (TRCL) ! R | Timer write register C lower (TWCL): W | $00E
15 | Timer read register C upper (TRCU)! R | Timer write register C upper (TWCU)! W | $00F

17 [ Timer read register D lower (TRDL) | R | Timer write register D lower (TWDL): W | $011
18 I Timer read register D upper (TRDU)! R l Timer write register D upper (TWDU} WJ $012

Figure 2 RAM Memory Map
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HD404629 Series

32

33

34

35

Bit3 Bit 2 Bit 1 Bit0
T RN B B
{(IM of INT) (IF of INT,) (Reset SP bit) enable flag)
IMTA IFTA M1 IF1__
(IM of timer A) | (IF of timer A) (IM of INTy) (IF of INT,)
IMTC IFTC IMTB IFTB
(IM of timer C) (IF of timer C) {IM of timer B) (IF of timer B)
IMAD IFAD IMTD IFTD
(IM of A/D) (IF of A/D) (IM of timer D) (IF of timer D)
Interrupt control bits area
Bit 3 Bit 2 Bit 1 Bit 0
DTON ADSF WDON LSON
(Direct transfer (A/D start flag) (Watchdog (Low speed
on flag) ag, on flag) on flag)
RAME ICEF ICSF
(RAM enable (Input capture (Input capture
flag) error flag) status flag)
M3 IF3 M2 IF2
(M of INT3) (IF of INT3) (IM of INTp) (IF of INT2)
IMS IFS
. M4 IF4
(IM of serial (IF of serial
interface) intertace) (IM of INT,) (IF of INTy)

Register flag area

$000

$001

$002

$003

$020

$021

$022

$023

IF: Interrupt request flag
IM: Interrupt mask
IE: Interrupt enable flag
SP: Stack pointer

Figure 3 Configuration of Interrupt Control Bits and Register Flag Areas

SEM/SEMD REM/REMD TM/TMD
1E
IM Allowed Allowed Allowed
LSON
IF
ICSF
ICEF Not executed Allowed Allowed
RAME
RSP Not executed Allowed Inhibited
WDON Allowed Not executed inhibited
ADSF Allowed Inhibited Allowed
Not executed in active mode
ed All
DTON Used in subactive mode Allow owed
Not used Not- executed Not executed Inhibited

Note: WDON is reset by MCU reset or by STOPC enable for stop mode cancsllation.
The REM or REMD instuction must not be executed for ADSF during A/D conversion.
DTON is always resst 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.

M 4496204 O048LLL 7868 EE

Figure 4 Usage Limitations of RAM Bit Manipulation Instructions
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HD404629 Series

Bit3 Bit2 Bit 1 Bit 0
$000
Interrupt control bits area
$003
PMAA$004 | Notused | Notused | R24S| | R2/SO
SMRA $005 | R24/SCK Serial transmit clock speed selection 1
SAL $006 Serial data register (lower digit)
SRU $007 Serial data register (upper digit)
TMA $008 *1 Clock source selection (timer A)
TMB1 $009 *2 Ciock source selection (timer B)
TRBL/TWBL $00A Timer B register (lower digit)
TRBWTWBU $00B Timer B register (upper digit}
MIS $00C *3___|Rey/SOPHOS contm] Interrupt frame period selection
TMC! $00D *2 | Clock source selection (timer C)
TRCUTWCL $00E Timer C register (lowsr digit)
TRCU/TWCU $00F Timer C register (upper digit)
TMDI $010 2 | Clock source selection (timer D)
TROU/TWDL $011 Timer D register (lower digit)
TRDU/TWDU $012 Timer D register (upper digit)
TMB2$013 | Notused | Notused | Timer-B output mode select
TMC2 $014 Not used Timer-C output mode selection
TMD2 $015 *4 Timer-D output made selection
AMR $016 | Analog channel selection ] Not used I *s
ADRL $017 A/D data register (lower digit)
ADRU $018 A/D data register (upper digit)
$019 | TONEC output frequency | TONER output frequency
$01A *6 *7 DTMF enable| Not used
LCR $01B Not used *8 *9 *10
LMR $01C |LCD input clock source LCD duty cycle
LOR1 $01D | R3ySEG4 R3.,/SEG3 R3,/SEG2 R3y/SEG1
LOR2 $01E | R4ySEGB | R4ySEG7 | R4/SEGS | R4ySEGS
LOR3 $01F Notused |R7/SEG17-20| R&/SEG13-16 | R&/SEGS-12
$020
Register tlag area
$023
PMRB $024 | RO/INT, ROY/INT, RO,/INT, ROyINT,
PMAC $025 | D, /INT, | D4/STOPC | R2/EVND | R1yEVNB
ESR1 $026 | INT; & ion edge selecti INT,d ion edge select]
ESR2 $027 [EVND 1 edge selaction | INT, d Y edge salection
SMRB $028 Not used Not used *11 *12
SSR $029 *13 *14 Clock select | Not used
Not used
DCDO $02C | Pont D, DCR | Port D, DCR | Port Dy DCR | Port Dy DCR
DCD1 $02D | Port D, DCR | Port Dg DCR | Port D; DCR | Port D, DCR
DCD2 $02E Not used Notused | Port Dg DCR [ Port Dg DCR
Not used Notes:
DCRO $030 | Port R03 DCR| Port R0, DCR| Port RO, DCR| Port R0p DCR
DCR1 $031 | Port R1, DCR| Port R1, DCR| Port R1, DCR| Port R1, DCR
DCR2 $032 | Port R2, DCR| Port R2, DCR| Port R2, DCR| Port R2, DCR
DCR3 $033 | Port R3; DCR| Port R3, DCR|{ Port R3, DCR| Port R3; DCR
DCR4 $034 | Port R4, DCR| Port R4, DCR| Port R4, DCR| Port R4 DCR
DCRS $035 | Port R5; DCR| Port RS, DCR| Port RS, DCR|{ Port RS, DCR
DCR6 $036 | Port R6; DCR | Port R6, DCR| Port R6, DCR| Port R&, DCR
DCR7 $037 | Port R7, DCR| Port R7, DCR|{ Port A7, DCR| Port R7, DCR
Not used
V$03F | Notused | Notused | Bank 0 tobank 2

Timer-Aftime-base
Auto-reload on/off

Puli-up MOS control

Input capture selection

A/D converslon time

TONEC output control
TONER output control
Display on/off in watch mode
LCD power switch

. LCD display on/off

. SO output level control in idie states
. Transmit clock source selaction

. 32-kHz oscillation stop

. 32-kHz oscillation division ratio

Figure 5 Special Function Register Area
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HD404629 Series

Memory registers Stack area

64 | MR(0) |$040 960 | Level 16 | $3CO

65 | MR(1) |$041 Level 16

66 | MR(2) ]$042 Level 14

67 |_MR(3) |$043 Level 13

68 | MR(4) | $044 Level 12

69 | MR(S) | $045 Level 11

70 | MR(6) | $046 Level 10

71 | _MR(7) | $047 Level 9 Bit 3 Bit 2 Bit 1 Bit 0

72| MR(8) | $048 Level 8 = | ==— | s=—

73 | MR(9) $049 Level 7 1020 ST PCy3 | PCy2 | PCyy $3FC
74 | _MR(10) | $04A Level & 56— | BE" Be

75 _MR(I1)| $04B Level 5 1021 PC,, PCq PCg PC, $3FD
76 | _MR(12) | g04C Level 4 — | == | ==

77 [_MR(13)| $04D Level 3 1022| CA | PGy | PCs | PC, | $3FE
78 | _MR(14) | $04E Level 2 - — | = | —

76 [ MR(15)| $04F 1023 Level1 | $3FF 1023| PC; | PC, | PC; | PCy | $3FF
PC,,—PC,: Program counter

T St 1 ag

CA: Carry flag

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

Bank register (V: $03F)

Bit 3 2 1 0
iiatvave | — | — | o | o |
Read/Write —_ —_ R/W RW
Bit name Not used Notused V1 Vo
V1 Vo Bank area selection

0 0 Bank 0 is selected
| 1 Bank 1 is selected

1 0 Bank 2 is selected

1 Inhibited

Note: After reset, the value in the bank register is 0, and therefore bank 0 is

selected. 1f V1 =1 and VO = 1, no bank is selected, and the operation is not
guaranteed.

Figure 7 Bank Register (V)
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Functional Description
Registers and Flags

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

Accumulator (A), B Register (B): Four-bit regis-
ters used to hold the results from the arithmetic
logic unit (ALU) and transfer data between memo-
1y, I[/O, and other registers.

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 opera-
ton. 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

W Register (W), X Register (X), Y Register (Y):
Two-bit (W) and four-bit (X and Y) registers used

instruction.
3 0
Accumulator Initial value: Undefined, R/W (A)
3 0
B register Initial value: Undefined, R'W
i 0
W register- Initial value: Undefined, R/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, RAW
0
Status Initial value: 1, no R'W (ST)
Program counter 13 °
Initial value: 0, (PC) |
no R'W
9 5 0
Stack pointer I
Initial value: $3FF, no R/W I ! | ! | ! I ! | (SP)

Figure 8 Registers and Flags
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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 condi-
tion of the BR, BRL, CAL, and CALL instruc-
tions. 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 dur-
ing an interrupt and popped from the stack by the
RTNI instruction—but not by the RTN instruction.

Program Counter (PC): 14-bit binary 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. It is
decremented by 4 when data is pushed onto the
stack, and incremented by 4 when data is popped
from the stack. The top four bits of the SP are
fixed at 1111, so a stack can be used up to 16 lev-
els.

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

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 one tpc to enable the oscillator to stabilize.
During operation, RESET must be high for at least
two instruction cycles.

Initial values after MCU reset are listed in table 1.
Interrupts

The MCU has 11 interrupt sources: five external
signals (INTg, INT}, INT,~INTy), four timer/coun-
ters (timers A, B, C, and D), serial interface, and
A/D converter.

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

Some vector addresses are shared by two different
interrupts. They are timer B and INT,, timer C
and INT;, timer D and INT,4, and A/D converter
and serial interface interrupts. So the type of
request that has occurred must be checked at the
beginning of interrupt processing.

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

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

A block diagram of the interrupt control circuit is
shown in figure 9, interrupt priorities and vector
addresses are listed in table 2, and interrupt pro-
cessing conditions for the 11 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. A priority pro-
grammable logic array (PLA) generates the vector
address assigned to that interrupt source.

The interrupt processing sequence is shown in fig-
ure 10 and an interrupt processing flowchart is
shown in figure 11. After an interrupt is acknowl-
edged, the previous instruction is completed in the
first cycle. The IE is reset in the second cycle, the
carry, status, 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 soft-
ware instruction within the interrupt program.
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Table 1 Initial Values After MCU Reset

Initial
item Abbr. 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 (IM) 1 Prevents (masks) interrupt requests
1le] Port data register (PDR) Al bits 1 Enables output at level 1
Data control register (ng% All bits 0 Turns output buffer off (to high impedance)
(DCD2) --00
(DCRO Allbits 0
—-DCR7?)
Port mode register A (PMRA) --00 Refer to description of port mode register A
Port mode register B (PMRB) 0000 Refer to description of port mode register B
Port mode register C (PMRC3, 000 Refer to description of port mode register C
bits 3,1, 0 PMRC1,
PMRCO0)
Detection edge select (ESR1) 0000 Disables edge detection
register 1
Detection edge select (ESR2) 0000 Disables edge detection
register 2
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode register A
‘s’gﬁg}m’s’ Timer mode register B1 (TMB1) 0000 Refer 1o description of timer mode register B1
interface Timer mode register B2 (TMB2) - - 00 Refer to description of timer mode register B2
Timer mode register C1 (TMC1) 0000 Refer to description of timer mode register C1
Timer mode register C2 (TMC2) - 000 Refer to description of timer mode register C2
Timer mode register D1 (TMD1) 0000 Refer to description of timer mode register D1
Timer mode register D2 (TMD2) 0000 Refer to description of timer mode register D2
Serial mode register A (SMRA) 0000 Refer to description of serial mode register A
Serial mode registerB (SMRB) --00 Refer to description of serial mode register B
Prescaler S (PSS)  $000 —
Prescaler W (PSW) $00 —
Timer counter A (TCA) $00 —
Timer counter B (TCB)  $00 —
Timer counter C (TCC) $00 —
Timer counter D (TCD) $00 —
Timer write register B (TWBU, $X0 —
TWBL)
Timer write register C  (TWCU, $X0 —
TWCL)
Timer write register D (TWDU, $X0 —_
TWDL)
Octal counter (OC) 000 —
A/D A/D mode register (AMR) 00-0 Refer to description of A/D mode register
A/D data register (ADRL, $80 Refer to description of A/D data register
ADRU)
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Table 1 Initial Values After MCU Reset (cont)
Initial

item Abbr. Value Contents

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/ciock

control register

LCD output register 1 (LOR1) 0000 Sets R-port/L CD segment pins to R port mode
LCD output register2  (LOR2) 0000
LCD output register 3  (LOR3) - 000

DTMF Tone generator mode  (TGM) 0000 Refer to description of tone generator mode
register register

Tone generator control (TGC) 000 -

register

Refer to description of tone generator control
register

Bit registers Low speed on flag (LSON) 0 Refer to description of operating modes
Watchdog timer on flag (WDON) 0 Refer to description of timer C
A/D start flag (ADSF) 0 Refer to description of A/D converter
Direct transferon flag (DTON) © Refer to description of operating modes
Input capture status flag (ICSF) 0 Refer to description of timer D
Input capture error flag (ICEF) 0 Refer to description of timer D

Others Miscellaneous register (MIS) 0000 Refer to description of operating modes, /0, and

serial interface

System clock select (SSR2 000 Refer to description of operating modes,
register bits 2—0 ~SSRO0) oscillation circuits, and DTMF generator
Bank register V) --00 Refer to description of RAM memory map

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

Status After Cancel- Status After Cancel-

lation of Stop Mode lation of Stop Mode Status After all Other
item Abbr. by STOPC Input by RESET input Types of Reset
Carry flag (CA) Pre-stop-mode values are not guaranteed; Pre-MCU-reset values
Accumulator (A) values must be initialized by program are not guara'nye.et':l; val-

ues must be initialized by
B register (B) program
W register (W)
X/SPX register (X/SPX)
Y/SPY register (Y/SPY)
Serial data register (SRL, SRU)
RAM Pre-stop-mode values are retained
RAM enable flag (RAME) 1 0 ¢
Port mode (PMRC12) Pre-stop-mode 0
register 1 bit 2 values are retained
System clock (SSR3)
select register bit 3
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Table 2 Vector Addresses and Interrupt Priorities

Resetinterrupt Priority Vector Address
RESET, STOPC* — $0000
INT, 1 $0002
INT; 2 $0004
Timer A 3 $0006
Timer B, INT, 4 $0008
Timer C, INT, 5 $000A
Timer D, INT, 6 $000C
A/D, Serial 7 $000E
Note: * The STOPC interrupt request is valid only in
stop mode.
$ 000,0 Sequence control
@ * Push PC/CA/ST
* Reset IE
$ 000,2 A\ ) Jat:jrgfet:svector
iNTg interrupt W T‘ ‘T‘L'\
$000.3 d " Vector
|, address

Priority control logic

INT; interrupt

Timer A interrupt

Timer B interrupt

$022,0
INT;, interrupt

$0022

$ 0221

$003,0

Timer C interrupt  [IFTC
$0023 d
IFTD

Timer D interrupt

(A $0222
m INT3 interrupt
b $ 3

A $0230
INT, interrupt

$003,2
A/D interrupt
$

$023,1

(? $0232

Serial interrupt

0033 _J
s

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

$0233

A

Figure 9 Interrupt Control Circuit

B 449L204 0048L?3 918 WM
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Table 3 Interrupt Processing and Activation Conditions

Interrupt Source
Interrupt Timer Bor TimerCor Timer Dor A/Dor
Control Bit INT, INT, Timer A INT, INT, INT, Serial
IE 1 1 1 1 1 1 1
IFO - IMO 1 0 0 0 0 0 0
IF1 - IM1 * 1 0 0 0 0 0
IFTA - IMTA * * 1 0 0 0 0
IFTB - IMTB * * * 1 0 o] 0
+ IF2- IM2
IFTC - IMTC * * * * 1 0 0
+ IF3- IM3
IFTD - Eﬁ * * * * * 1 0
+ [F4- IM4
IFAD - IMAD  * * * * * * 1
+ IFS- IMS
Note: Bits marked * can be either 0 or 1. Their values have no effect on operation.
Instruction cycles
1 2 3 4 s 6
i | ] i | ! |
I | { 1 I ] 1
Instruction
execution*
Interrupt I Stacking I
acceptance Vector address|
l IE resst | generation l
Execution of JMPL
instruction at vector address
Execution of
instruction at
start address
Note: * The stack is accessed and the iE reset after the instruction 0',.::2::’)(
is executed, even if it is a two-cycle instruction.

Figure 10 Interrupt Processing Sequence
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Power on

RESET y No
Yes
Interrupt Yes
requy
No
No IE=1?
Yes
Reset MCU Execute instruction Accept interrupt
IE«<0
PC«(PC) + 1 Stack « (PC)
Stack « (CA)

Stack « (ST)

iNTo
interrupt?
No
No
Timer-A
interrupt?
No

] PC+$0002

1 PC<$0004

] PC+$0006

e PCe$0008

- PC<$000A

No
imer-C/INT3
interrupt?

No

imer-D/INT4
interrupt?

-] PC<$000C

No

(A/D, serial interrupt)

<1  PC«$000E

Figure 11 Interrupt Processing Flowchart
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Interrupt Enable Flag (IE: $000, Bit 0): Controls
the entire interrupt process. It is reset by the inter-
rupt processing and set by the RTNI instruction, as
listed in table 4.

External Interrupts (INTy, INT;, INT,-INT,):
Five external interrupt signals.

External Interrupt Request Flags (IF0-1F4:
$000, $001, $022, $023): IFO and IF1 are set at
the falling edge of signals input to INTg and INTY,
and IF2-IF4 are set at the rising or falling edge of
signals input to INT,—INT,, as listed in table 5.
The INT,~INT, interrupt edges are selected by the
detection edge select registers (ESR1, ESR2: $026,
$027) as shown in figures 12 and 13.

External Interrupt Masks (IM0-IM4: $000,
$001, $022, $023): Prevent (mask) interrupt

requests caused by the corresponding external
interrupt request flags, as listed in table 6.

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

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

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

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

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

Interrupt

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

IE Enabled/Disabled IFTA Interrupt Request
0 Disabled 0 No
Enabled 1 Yes

Table 5 External Interrupt Request Flags

Table 8 Timer A Interrupt Mask (IMTA:

(IFO-IF4: $000, $001, $022, $023) $001, Bit 3)
IFO-IF4 Interrupt Request IMTA Interrupt Request
0 No 0 Enabled
1 Yes 1 Disabled (masked)

Table 6 External Interrupt Masks (IM0-IM4:

Table 9 Timer B Interrupt Request Flag

$000, $001, $022, $023) (IFTB: $002, Bit 0)
IMO-IM4 Interrupt Request IFTB Interrupt Request
0 Enabled 0 No
1 Disabled (masked) 1 Yes

Table 10 Timer B Interrupt Mask (IMTB:

$002, Bit 1)
IMTB Interrupt Request
0 Enabled
1 Disabled (masked)
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Detection edge selection register 1 (ESR1: $026)

Bit 3 2 1 0
nitetvaie | 0 | o | o | o |
Read/Write w W w w
Bit name ESR13 ESR12 ESR11 ESR10
ESR13 | ESR12 | INT3 detection edge ESR11 | ESR10 [ INT2 detection edge
0 0 No detection ] 0 No detection
1 Falling-edge dstection 1 Falling-edge detection
1 0 Rising-edge detection 1 o Rising-edge detection
1 Double-edge detection™ 1 Double-edge detection*

Note: * Both falling and rising edges are detected.

Figure 12 Detection Edge Selection Register 1 (ESR1)

Detection edge selection register 2 (ESR2: $027)

Bit 3 2 1 0
nitalvawe | o | o | o | o |
Read/Write w w w w
Bit name ESR23 ESR22 ESR21 ESR20
ESR23 | ESR22 EVND detection edge ESR21 | ESR20 INT4 detection edge
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection* 1 Double-edge detection*

Note: * Both falling and rising edges are detected.

Figure 13 Detection Edge Selection Register 2 (ESR2)
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Timer C Interrupt Request Flag (IFTC: $002,
Bit 2): Set by overflow output from timer C, as
listed in table 11.

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

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

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

Serial Interrupt Request Flag (IFS: $023, Bit 2):
Set when data transfer is completed or when data

transfer is suspended, as listed in table 15.

Serial Interrupt Mask (IMS: $023, Bit 3): Pre-
vents (masks) an interrupt request caused by the

serial interrupt request flag, as listed in table 16.

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

in table 17.

A/D Interrupt Mask (IMAD: $003, Bit 3): Pre-
vents (masks) an interrupt request caused by the

A/D interrupt request flag, as listed in table 18.

Table 11 Timer C Interrupt Request Flag Table 15 Serial Interrupt Request Flag (IFS:
(IFTC: $002, Bit 2) $023, Bit 2)

IFTC Interrupt Request IFS interrupt Request

o] No 0 No

1 Yes 1 Yes

Table 12 Timer C Interrupt Mask (IMTC: Table 16 Serial Interrupt Mask (IMS: $023,
$002, Bit 3) Bit 3)

IMTC Interrupt Request IMS Interrupt Request

0 Enabled 0 Enabled

1 Disabled (masked) 1 Disabled (masked)

Table 13 Timer D Interrupt Request Flag Table 17 A/D Interrupt Request Flag (IFAD:
(IFTD: $003, Bit 0) $003, Bit 2)

IFTD Interrupt Request IFAD Interrupt Request

0 No 0 No

1 Yes 1 Yes

Table 14 Timer D Interrupt Mask (IMTD: Table 18 A/D Interrupt Mask (IMAD: $003,
$003, Bit 1) Bit 3)

IMTD interrupt Request IMAD Interrupt Request

0 Enabled 0 Enabled

1 Disabled (masked) 1 Disabled (masked)
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Operating Modes

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

Active Mode: All MCU functions operate accord-
ing to the clock generated by the system oscillator
OSC] and OSCZ.

Table 19 Operating Modes and Clock Status
Mode Name

Active Standby Stop Watch Subactive*?
Activation RESET SBY STOP STOP INTg ortimer A
method cancellation, instruction instruction instruction interrupt request

interrupt when when from watch

request, TMA3 =0 TMA3 =1 mode

STOPC

cancellation

in stop mode,

STOP/SBY

instruction in

subactive mode

(when direct

transfer is

selected) .
Status  System Stopped Stopped Stopped

oscillator
Subsystem

oscillator
Cancellation RESET input, RESET input,
method STOP/SBY interrupt
instruction request

RESET input, RESET input, RESET input,

STOPC input  INTportimer A STOP/SBY

in stop mode interrupt instruction
request

Notes: i implies in operation.

1.

register (SSR: $029).
2. Subactive mode is an optional function

B 4496204 0048679 33 WA

Operating or stopping the oscillator can be selected by setting bit 3 of the system clock select

; specify it on the function option list.
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Table 20 Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode*2
cPuU Reset Retained Retained
RAM Retained Retained Retained
Timer A Reset
Timer B Reset Stopped
TimerC Reset Stopped
Timer D Reset Stopped
Serial interface Reset Stopped*3
AD Reset Stopped
LCD Reset *4
DTMF Reset Reset Stopped
o Reset" Retained Retained
Notes: % implies in operation.
1. Output pins are at high impedance.
2. Subactive mode is an optional function spacified on the function option list.
3. Transmission/Reception is activated if a clock is input in external clock mode. However,
interrupts stop.
4. When a 32-kHz clock source is used.

Table 21 /O Status in Low-Power Dissipation Modes

Output Input
Standby Mode, Active Mode,
Watch Mode Stop Mode Subactive Mode
Do—Dg Retained High impedance Input enabled
D1o-Dy4 - — input enabled
RO-R7 Retained or output High impedance Input enabled

of peripheral functions
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Reset by
RESET input or
h :
by watchdog timer Stop mode
{(TMA3 =0,SSR3=0) |
RAME =0 RAME =1 i| fosc:  Stop i
STOPC fx: Oscillate |1
RESET1 | | RESET2 H gopy: Stop :
\. | 2oLk 2‘99 ':
[ to ;
STOPC T TPER P g
Active ,
Standby mode mode ; :
E""""“"—"""""E i-“"-““"““ ““_"'; STOP E (TMA3 =0, SSR3 =1 é
i| fosc: Oscillate | SBY 1| fosc: Oscillate / | fosc: Stop ;
e Oscillate [  fx: Oscillate [ o xe Stop :
Hocpu: Stop 11 jntermupt | Popu’ fore i gTop  i[%cPut Stp i
: 3 = Bk’ foe ' » pcic:  Stop :
i : i 2peR forc : i 2per: Stop E
: : : b (TMA3=0) PmmTmmm oot '
: Watch mode
i : (TMA3 =1) | {’(ﬁhs";'ifi's'éﬁ;'é";
i [fosc: Oscillate | ‘[fosc: Oscillate | [ fosc:  Stop ;
b fx: Oscillate |4 SBY H 1x: Oscillate | IN‘:TOP fx: Oscillate |!
i1 #cpy: Stop  nterrupt 1| 2cpu’ fore t WNTo, _ i|scey: Stop :
eok: fw : nterrupt H fokt fw +_JMQLL_A- sok: tw 5
{| 2per: fove : ([ 2peR’ fopo E Y| ¢pen: Stop E
_____________________________________ 3 ;
! fogc: Main oscillation frequency | s . *2 ; :
' ATy i Subactive ' H
s Suboscillation frequency | ode STQP : N
: for time-base ' } (TMA3 =1, LSON =1) ;
ot fosc | [foso: Stop o Wiosc: Swop |
| fsup:  fx/8 or fx/4 ; fx: ) Oscillate iNTo, * x: . Oscillate |
; (software selectable) P | Popus fsus timer A*1 1| PcPu’ Stop ':
Ltw: Ix8 bl gok W 1 2o :
! gopy: System clock i | #pen’ fsue ‘[ 2pen: St |
' goLk: Clock for time-base o e '
i gpgr: Clock for other
: peripheral functions ' Notes: 1. Interrupt source
: LSON: Low speed on flag ! 2. STOP/SBY (DTON = 1, LSON = 0)
i DTON: Direct transfer on flag ' 3. STOP/SBY (DTON = 0, LSON = 0)
temsmemsommmosssmommmosoommooTmTEEeT ! 4. STOP/SBY (DTON = Don't care, LSON = 1)

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

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

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

Osciflator: Stop
Suboscillator: Active/Stop
Peripheral clocks: Stop
All other clocks: Stop

Oscillator: Active

All other clocks: Stop

Peripheral clocks: Active

Oscillator: Stop
Suboscillator: Active
Peripheral clocks: Stop
All other clocks: Stop

t

RESE>

Yes

No,
STOPC = 07

Yes

|HAME=1|

(sey
only)

Restart Restart

processor clocks

processor clocks,

Reset MCU I | Execute

next instruction

Figure 15 MCU Operation Flowchart
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Stop Mode: In stop mode, all MCU operations
stop and RAM data is retained. Therefore, the
power dissipation in this mode is the least of all
modes. The OSC,; and OSC, oscillator stops. For
the X1 and X2 oscillator to operate or stop can be
selected by setting bit 3 of the system clock select
register (SSR: $029; operating: SSR3 = 0, stop:
SSR3 = 1) (figure 27). The MCU enters stop mode
if the STOP instruction is executed in active mode
when bit 3 of timer mode register A (TMA: $008)
is set to 0 (TMA3 = 0) (figure 44).

Stop mode is terminated by a RESET input or a
STOPC input as shown in figure 16. RESET or
STOPC must be applied for at least one trc to sta-
bilize oscillation (refer to the AC Characteristics
section). When the MCU restarts after stop mode
is cancelled, all RAM contents before entering stop
mode 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.

Watch Mode: In watch mode, the clock function
(timer A) using the X1 and X2 oscillator and the

LCD function operate, but other function opera-
tions stop. Therefore, the power dissipation in this
mode is the second least to stop mode, and this
mode is convenient when only clock display is
used. In this mode, the OSC, and OSC, oscillator
stops, but the X1 and X2 oscillator operates. 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.

Watch mode is terminated by a RESET input or a
timer-A/INT, interrupt request. For details of
RESET input, refer to the Stop Mode section.
When terminated by a timer-A/INT, interrupt
request, the MCU enters active mode if LSON = 0,
or subactive mode if LSON = 1. After an interrupt
request is generated, the time required to enter
active mode is tgc for a timer A interrupt, and
Tx (where T + tre < TX <2T + tRC) for an INTO
interrupt, as shown in figures 17 and 18.

Operation during mode transition is the same as
that at standby mode cancellation (figure 15).

Osciltator [T i «

; Stop mode |
=

1

{4 /
o N 111 B U N B
RESET 5 9 [
STOPC 5 l I —
1 e

STOP instruction execution tres 2 tRe (stabilization period)

Figure 16 Timing of Stop Mode Cancellation
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Subactive Mode: The OSC, and OSC, oscillator
stops and the MCU operates with a clock generat-
ed by the X1 and X2 oscillator. In this mode, func-
tions except the A/D conversion operate. Howev-
er, because the operating clock is slow, the power
dissipation becomes low, next to watch mode.

The CPU instruction execution speed can be
selected as 244 ps or 122 pus by setting bit 2
(SSR2) of the system clock select register (SSR:
$029). Note that the SSR2 value must be changed
in active mode. If the value is changed in subac-
tive mode, the MCU may malfunction.

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

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

In watch and subactive modes, the timer-A/INT,
interrupt is generated synchronously with the inter-
rupt frame. The interrupt request is generated syn-
chronously with the interrupt strobe timing except
during transition to active mode. The falling edge
of the INT, 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 inter-
Tupt request in timer A is generated synchronously

transfer on flag (DTON: $020, bit 3). with the interrupt strobe timing.
Subactive mode is an optional function that the
user must specify on the function option list.

Oscillation

stabilization period
I ¥ | + Active mode

active mode only)

T:  Interrupt frame length
tre - Oscillation stabilization period

Active mode Watch mode
Interrupt strobe ? f 1?
INTo ] : — |
Interrupt request P :
generation : T ; !
(During the transition e T, T tRe
from watch mode to ' : Ty ' :

)

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

from subactive mode after waiting for the MCU
internal processing time and oscillation stabiliza-
tion time (figure 19).

dures are described below: Notes: 1. The DTON flag can be set only in sub-
active mode. It is always reset in active
» Set LSON to 0 and DTON to 1 in subactive mode.
mode. 2. The transition time (Tp) from subactive
» Execute the STOP or SBY instruction. mode to active mode:
» The MCU automatically enters active mode tre <Tp < T +tge
Miscellaneous register (MiS: $00C)
Bit 3 2 1 0
mitalvalie | o | o [ o [ o |
Read/Write W w w w
Bit name MIS3 MIS2 MIS1 MISO
MIS3 | Mmis2 MIS1 MISo T tpe*! Oscillation circuit conditions
Buffer control. 0 0 0.24414 ms|0.12207 ms | External clock input
Refer to figure 41. 0.24414 ms*2
0 1 15.625 ms | 7.8126 ms Ceramic oscillator
0 62.5 ms 31.25ms
1 1 Not used —_

Notes: 1. The values of T and tgc are applied when a 32.768-kHz crystal oscillator is used.
2. The value is applied only when direct transfer operation is used.

Figure 18 Miscellaneous Register (MIS)

Subactive mode l

Bl

STOP/SBY instruction execution

MCU internal
processing period l time

Oscillation
stabilization
Active mode

o

(SetLSON =0, DTON=1)

]

Interrupt strobe

Direct transter

completion timing
T

E----_- PR

__]{-..--- o]

T:

Y 4

Interrupt frame length
tpc: Oscillation stabilization period

Figure 19 Direct Transition Timing
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Stop Mode Cancellation by STOPC: The MCU
enters active mode from stop mode by inputting
STOPC as well as by RESET. In either case, the
MCU starts instruction execution from the starting
address (address 0) of the program. However, the
value of the RAM enable flag (RAME: $021, bit 3)
differs between cancellation by STOPC and by
RESET. When stop mode is cancelled by RESET,
RAME = 0; when cancelled by STOPC, RAME =
1. RESET can cancel all modes, but STOPC is
valid only in stop mode; STOPC input is ignored
in other modes. Therefore, when the program
requires to confirm that stop mode has been can-
celled by STOPC (for example, when the RAM
contents before entering stop mode is used after
transition to active mode), execute the TEST
instruction to the RAM enable flag (RAME) at the

beginning of the program.

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

The low-power mode operation sequence is shown
in figure 22. With the IE flag cleared and an inter-
rupt 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 exe-
cuting a STOP/SBY instruction, make sure all
interrupt flags are cleared or all interrupts are
masked.

( Power on )

TN

Yes

RESE

RAME =0

Reset MCU

; MCU :
! operation :
: cycle H

Figure 20 MCU Operating Sequence (Power On)

Hitachi
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MCU operation
cycle

IF =17 Yes
No No IM =0 and
IE=1?
Instruction Yes
execution
IE <0
SBY/STOP Stack « PC}.
instruction? CA),
ST)
yTTTTTTTTTTN
! Low-power mode PC « Next PC «Vector
! operation cycle ! location address

IF: Interrupt request flag
IM: Interrupt mask

IE: interrupt enable flag
PC: Program counter
CA: Cary flag

ST: Status flag

Figure 21 MCU Operating Sequence (MCU Operation Cycle)

194 Hitachi
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Low-power mode
operation cycle

MCU operation
cycle

Note: * For IF and IM operation, refer to figure 15.

No
M =0/
Yes
Standby/watch
mode Stop mode
No
Yes
Hardware NOP Hardware NOP _
execution execution RAME =1
PC «Next PC « Next
location location Reset MCU
Instruction
execution

Figure 22 MCU Operating Sequence (Low-Power Mode Operation)
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Notes: 1. LCD display off in watch or subactive
mode.
If the HD404629/HD4074629 is to be
used with the LCD display off in watch
mode or subactive mode, execute the
following operations before the MCU
enters watch mode (i.e., before the
STOP instruction is executed).

First: LOAD $0to LCR
Second: LOAD $3 to LMR

When the MCU enters active mode
again from watch or subactive mode,

execute the following operations.

First: LOAD appropriate value to

LMR for active mode

Second: LOAD appropriate value to

LCR for active mode

These operations are shown in

figure 23.

: Set
LMR } appropriate
LCR values for

: active mode

Initialization routine

LCR=8$0 | Include these
LMR = $3 operations

Main routine

STOP instruction

Watch mode [

\j
After the MCU enters active mode

Or transition to
subactive mode

again

INT, or timer A
interrupt processing
routine

: Set
LMR appropriate
LCR values for
: active mode
]

Figure 23 Programming Flowchart (LCD Display Off in Watch or Subactive Mode)

M 449L20u 0OD4dLAY 245 N
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Notes: 2. When the MCU is in watch mode or

subactive mode, if the high level period
before the falling edge of INTy is short-
er than the interrupt frame, INTy, is not
detected. Also, if the low level period
after the falling edge of INT,, is shorter
than the interrupt frame, INT} is not
detected.

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

In figure 25, the level of the TNT,, sig-
nal 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 period of TNT, longer than
interrupt frame.

INT,

Sampling

High

i

Low

T

Low

Figure 24 Edge Detection

Interrupt

T
[

A: Low B: Low

(a) High level period

Interrupt

frame

|

[

A: High B: High

(b) Low level period

Figure 25 Sampling Example

M 4496204 DO48LT0 TT? WA
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Internal Oscillator Circuit

A block diagram of the clock generation circuit is
shown in figure 26. As shown in table 22, a

ceramic oscillator can be connected to OSC; and

0SC,, and a 32.768-kHz oscillator can be connect-

ed to X1 and X2. The system oscillator can also
be operated by an external clock. Bit 1 (SSR1) of
the system clock select register (SSR: $029) must

Note:

oscillator connected to OSC; and OSC,
(figure 27).

If the system clock select register (SSR:
$029) setting does not match the oscillator
frequency, DTMF generator and subsystems
using the 32.768-kHz oscillation will mal-

be set according to the frequency of the function.
LSON
!
0502@— System [fosc| 174 | fve | Timing gcey gm‘”r""i':gx'
oscillator division igenerator fage :g o
circult toye circuit System gs,
osc, (D dlock
selection
SPER Peripheral
function
interrupt
x fsus
X1 @— Sub- 1 1/8 or 1/4 Timing [
system division |lsubcyc igenerator
oscillator circuit* circuit
x2 @— T™A3
|
___Tlme-ba
clock CLK
1/8 Timing selection —=1 1:':::;?:;9
" division | fy. |generator
circuit circuit
twoye

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

Figure 26 Clock Generation Circuit

B 4495204 0048bL9D 933
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System clock select register (SSR: $029)

Bit 3 2 1 0
miteivaie [ 0 | o | o [ o |
Read/Write w w w w
Bit name SSR3 SSR2 SSR1  SSRO
SSR3 | 32-kHz oscillation stop SSR1 SSRO | System clock selection
o Oscillation operates in stop mode 0 0 400 kHz
1 Oscillation stops in stop mode 0 1 800 kHz
32-kHz oscillation division 1 ° 2 Mz
SSR2 | ratio selection 1 1 4 MHz
0 fsug = fx/8
1 fsup = fx/4

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

Figure 27 System Clock Select Register (SSR)

Do :l

GND

GND

.,
]
B
]
]

Figure 28 Typical Layouts of Crystal and Ceramic Oscillator
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Table 22 Oscillator Circuit Examples

Circuit Configuration Circuit Constants
External clock
operation
External
oscillator OsC,
Open 0OsC,
Ceramic oscillator Ceramic oscillator: CSB400P22 (Murata)
(OSC,, OSCy) CSB400P (Murata)
R;=1MQ+20%
C1 C1=Cz=220 pFiS%
Ceramic oscillator: CSB800J122
———l 0osC
Coramic ! (Murata), CSB800J (Murata)
oscillator 52 Rt Ry=1MQ1t20%
Cy=C,=220 pF+5%
+—i 0SC, ——
c Ceramic oscillator: CSA2.00MG (Murata)
77 e | R=1MQ120%
GND C, =C, =130 pF +20%
Ceramic oscillator: CSA4.00MG (Murata)
Ry=1MQ120%
Cy=Cp=30pF+20%
Crystal oscillator Crystal oscillator: 32.768 kHz: MX38T
(X1, X2) —— (Nippon Denpa)
P—T X1 C1=02=20th2°%
Rg: 14 kQ
Crystal S
oscullator Co: 1.5pF
X2
L Cs Rg
— 00— W
x1 <—-l - X2
J1

11
Co

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

2. The wiring between the OSC,, OSC, (X1 and X2 pins), and the other elements should be as
short as possible, and must not cross other wiring. Refer to figure 28.
3. If not using a 32.768-kHz crystal oscillator, fix the X1 pin to V¢ and leave the X2 pin open.

M 4496204 0048L93 706 W 200 Hitachi
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Input/Output

The MCU has 42 input/output pins (Dy-Dg,
ROg-R73) and 2 input pins (Dyg, Dy;). The fea-
tures are described below.

* Ten pins (Dy—Dy) are high-current input/output
pins.

* The Dyg and Dy;, and ROg—R75 input/output pins
are multiplexed with peripheral function pins
such as for the timers or serial interface. For
these pins, the peripheral function setting is done
prior to the D or R port setting. Therefore, when
a peripheral function is selected for a pin, the pin
function and input/output selection are automati-
cally switched according to the setting.

Input or output selection for input/output pins

and port or peripheral function selection for mul-
tiplexed pins are set by software.

Peripheral function output pins are CMOS out-
put pins. Only the R23/SO pin can be set to
NMOS open-drain output by software.

In stop mode, the MCU is reset, and therefore
peripheral function selection is cancelled.
Input/output pins are in high-impedance state.
Each input/output pin has a built-in pull-up
MOS, which can be individually turned on or off
by software.

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

Table 23 Programmable I/O Circuits

MIS3 (bit 3 of MIS) 0 1
DCD, DCR 0 1 0 1
PDR 0 1 0 1 0 1 0 1
CMOS buffer PMOS — — — On — — —_ On
NMOS — — On — — — On —
Pull-up MOS —_ — — — —_ On —_ On
Note: — indicates off status.
HLT
Vec Pull-up control signal MISa
Pull-up Ve
MOS

Butfer control signal
G———( DCD, DCR |

Output data

Input data

Eas

Input control signal

Figure 29 V/O Buffer Configuration

B 4496204 0048694 Luy2 IH 201 Hitachi

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




HD404629 Series

Table 24 Circuit Configurations of 1/0 Pins
VO Pin Type Circuit Pins
Input/output pins _ Dg—Dg
Ve Pull-up control signal HLT R0g-R05
c 3 o |
cc Buffer control (MiS3] H;O :;3
signal - R2y~R2;
R3,—-R3;
O ‘ R4°—R43
. |—cG— Output data DR R5.—RS,
R6,~R63
———D_'"_Pt&ﬂ'a_. R7,-R73
Input control signal
R2
Vi Pull trol signal HLT ’
cc ull-up control sign
é Vee Buffer conirol MIS3
signal
® (K DCR
MIS2
'_G Output data PDR
A—rD Input data
Input control signal
Input pins Dy0. D4

@——DM.

Input control signal

M 4495204 0048695 589 mm 202 Hiach
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Table 24 Circuit Configurations of I/O Pins (cont)

YO Pin Type Circuit Pins
Peripheral Input/output I SCK
function  pins v, ] -

pins cC Voo Pull-up contro} signal Wi

©_ ﬂ’<]‘I Output data

SCK
‘D"L Input dataﬁ SCK
Output pins HLT 5
Veeo e Pull-up control signal MiS3

—O<J-— PMO I control
d o< 'sana [MiS2]
Oupiidata SO

B TOB, TOC, TOD
Vee. Pull-up control signal
Vec {mis3]
w<]—I Ouputdata _ +4g toc, TOD
Input pins Veo SI, INT, INT,,
o] ALT INT, INT,,

————————{MIS3] EVNB, EVND

Input data

& Do—P 81, INT;, et

iNT,, STOPC

@ ‘DG Input data INT;, STOPC

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

B 4495204 DO4869L 415 mm 208 Hiach
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D Port (Dg-Dy;): Consist of 10 input/output pins
and 2 input pins addressed by one bit. Dg-Dg are
high-current I/O pins, and Dy and Dy, are input-
only pins.

Pins Dy—Dg are set by the SED and SEDD instruc-
tions, and reset by the RED and REDD instruc-
tions. Output data is stored in the port data register
(PDR) for each pin. All pins Dg-D;, are tested by
the TD and TDD instructions.

The on/off statuses of the output buffers are con-
trolled by D-port data control registers
(DCDO0-DCD2: $02C-$02E) that are mapped to
memory addresses (figure 30).

Pins Djg and D, are multiplexed with peripheral
function pins STOPC and INT, respectively. The
peripheral function modes of these pins are select-
ed by bits 2 and 3 (PMRC2, PMRC3) of port mode
register C (PMRC: $025) (figure 31).

R Ports (R0g-R73): 32 input/output pins
addressed 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. Out-
put data is stored in the port data register (PDR)
for each pin. The on/off statuses of the output
buffers of the R ports are controlled by R-port data
control registers (DCRO-DCR7: $030-$037) that
are mapped to memory addresses (figure 30).

Pins ROg—R0; are multiplexed with peripheral pins
INT,-INT}, respectively. The peripheral function
modes of these pins are selected by bits 0-3
(PMRBO0O-PMRB3) of port mode register B
(PMRB: $024) (figure 32).

Pins R1g-R1, are multiplexed with peripheral pins
TOB, TOC, and TOD, respectively. The peripheral
function modes of these pins are selected by bits 0
and 1 (TMB20, TMB21) of timer mode register B2
(TMB2: $013), bits 0-2 (TMC20-TMC22) of
timer mode register C2 (TMC2: $014), and bits
0-3 (TMD20-TMD23) of timer mode register D2
(TMD2: $015) (figures 33, 34, and 35).

Pins R1; and R2j are multiplexed with peripheral

M 4496204 004497 351 WA

pins EVNB and EVND, respectively. The periph-
eral function modes of these pins are selected by
bits 0 and 1 (PMRCO, PMRC1) of port mode regis-
ter C (PMRC: $025) (figure 31).

Pins R2,~R2; are multiplexed with peripheral pins
SCK, SI, and SO, respectively. The peripheral
function modes of these pins are selected by bit 3
(SMRA3) of serial mode register A (SMRA:
$005), and bits 0 and 1 (PMRAO, PMRA1) of port
mode register A (PMRA: $004), as shown in
figures 36 and 37.

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

Ports R5-R7 are multiplexed with segment pins
SEGY9-SEG20, respectively. The function modes
of these pins can be selected in 4-pin units by set-
ting LCD output register 3 (LOR3: $01F)
(figure 40).

Pull-Up MOS Transistor Control: A program-
controlled pull-up MOS transistor is provided for
each input/output pin other than input-only pins
Dy and Dy;. The on/off status of all these transis-
tors is controlled by bit 3 (MIS3) of the miscella-
neous register (MIS: $00C), and the on/off status
of an individual transistor can also be controlled by
the port data register (PDR) of the corresponding
pin—enabling on/off control of that pin alone
(table 23 and figure 41).

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

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

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

DCDO, DCD1

Bit 3 2 1 0

mitalvaiie | 0 | o | o [ o |

Read/Write w w w w

Bit name DCD03, DCD02, DCDO1, DCDOO,
DCD13 DCD12 DCD11 DCD10

DCD2

Bit 3 2 1 0

mtalvaie | — [ — [ o [ o |

Read/Write —_ — w w

Bit name Notused Notused DCD21 DCD20

DCRO to DCR7

Bit 3 2 1 0
Initial value I 0 I 0 | 0 l 0 —‘
Read/Write w w w w
Bit name DCR0O3~ DCR02- DCRO1- DCROO-

DCR73 DCR72 DCR71 DCR70

All Bits CMOS Buffer On/Otf Selection
0 Off (high-impedance)
1 On

Correspondence between ports and DCD/DCR bits

Register Name Bit3 Bit 2 Bit 1 Bit0
DCDO Ds D, D, Do
DCD1 D, Dg Ds D,
DCD2 — — Dy Dg
DCRO RO4 RO, RO, RO,
DCR1 Rig Ri, Ri, Rig
DCR2 R2; R2, R2, R2,
DCR3 R3, R3, R3, R3,
DCR4 R4y Rd, R4, Rdg
DCR5 RS53 R5, R5, R5,
DCR8 R63 R6; R6, Ré6g
DCR7 R73 R7, R7, R7,

Figure 30 Data Control Registers (DCD, DCR)

B 44965204 0O48L98 298 mm 205 Hitach
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Port mode register C (PMRC: $025)

Bit 3 2 1 0
mitalvalie | 0 | o | o o |
Read/Write w w w w
Bit name PMRC3 PMRC2* PMRC1 PMRCO
PMRC3 | D,/INTg mode selection PMRCO| R1zEVNE mode selection
0 D14 0 Ris
1 INTo 1 EVNB
PMRC2| D2o/STOPC mode selection PMRC1 | R2y/EVND mode selection
0 Do 0 R2g
1 STOPC )| EVND

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

Figure 31 Port Mode Register C (PMRC)

Port mode register B (PMRB: $024)

Bit 3 2 1 0
mtialvaie | 0o | o | o [ o ]
Read/Write w w w w
Bit name PMRB3 PMRB2 PMRB1 PMRBO
PMRB3 | RO3/INT, mode selection PMRBO | RO/INT; mode selection
0 RO3 0 ROg
1 INT, 1 iNT,
PMRB2 [ RO2/INT3 mode selection PMRB1 R04/INT2 mode selection
0 ROz 0 ROy
1 INT3 1 INT2

Figure 32 Port Mode Register B (PMRB)

B 4496204 0048699 lau -
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Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
mitalvave | — | — [ o | o |
Read/Write — — RW RW

Bit name Notused Notused TMB21 TMB20

T™MB21 | TMB20 R1¢/TOB mode selection
] 0 R1o R1g port
1 TOB Toggle output
1 0 TOB | 0 output
1 TOB | 1 output

Figure 33 Timer Mode Register B2 (TMB2)

Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
mitalvavie | — [ o [ o [ o |
Read/Write - RW RW RW

Bit name Notused TMC22 TMC21 TMC20

TMC22 | TMC21 | TMC20 | R14/TOC mode selection

0 0 0 R, R14 port
1 TOC Toggle output
1 0 TOC 0 output
1 TOC 1 output
1 0 0 — inhibited
1
1 0
1 TOC PWM output

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

Bit 3 2 1 0
mtalvave | o | o | o | o |
Read/Write RW RW RW W
Bit name TMD23 TMD22 TMD21 TMD20
TMD23 | TMD22 | TMD21 | TMD20 | R12/TOD mode selection
0 0 0 0 Riz R12 port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 — Inhibited
1
1 0
1 TOD PWM output
1 X X X Ri2 Input capture (R12 port)

X : Don’t care

Figure 35 Timer Mode Register D2 (TMD2)

Serial mode register A (SMRA: $005)
Bit 3 2 1 0
mtaivave | 0o | o | o | o |
Read/Write W w w w
Bit name SMRA3 SMRA2 SMRA1 SMRAO
R21/SCK L Frescaler
SMRA3 [ mode selection SMRA2 | SMRA1 | SMRAQ | SCK | Clock source | mtig
0 R24 0 0 0 Output | Prescaler +2048
1 SCK 1 Output | Prescaler +512
1 0 Output | Prescaler +128
1 Output | Prescaler +32
1 0 0 Output | Prescaler +8
1 Output | Prescaler +2
1 0 Output | Systemclock | —
1 Input | External clock | —

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

Bit 3 2 1 0

mtaivaie | — | — [ o [ o |

Read/Write — —_ w w

Bit name Not used Notused PMRA1 PMRAQ

PMRA1 R22/S| mode selection PMRAQ | R23/SO mode selection
0 R2, 0 R23
1 Si 1 SO

Figure 37 Port Mode Register A (PMRA)

LCD output register 1 (LOR1: $01D)
Bit 3 2 1 0
itialvaiie | 0 | o [ o [ o |
Read/Write w w w w
Bit name LOR13 LOR12 LOR11 LOR10
LOR13 | R3s/SEG4 mode selection LOR11 | R3;/SEG2 mode selection
0 R33 0 R34
1 SEG4 1 SEG2
LOR12 | R3,/SEG3 mode selection LOR10 | R3y/SEG1 mode selection
0 R3> 0 R3g
1 SEG3 1 SEG1

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

Bit 3 2 1 0
Initial value [ 0 l 0 | 0 l 0 J
Read/Write w W w w
Bit name LOR23 LOR22 LOR21 LOR20
LOR23 | R4a/SEG8 mode selection LOR21 | R44/SEG5 mode selection
0 R4s 0 R4,
1 SEGSE 1 SEGS
LOR22 | R4/SEG7 mode selection LOR20 | R4/SEG6 mode selection
0 R4, 0 R4g
1 SEG7 1 SEG6

Figure 39 LCD Output Register 2 (LOR2)

LCD output register 3 (LOR3: $01F)

Bit 3 2 1 0
Initial value [ — I 0 | 0 ‘ 04'
Read/Write — w w w
Bit name Notused LOR32 LOR31 LOR30
LOR32 | R7/SEG17-SEG20 mode selection LOR31 | R6/SEG13-SEG16 mode selection
0 R7 0 Ré
1 SEG17-SEG20 1 SEG13-SEG16
LOR30 | R&/SEGI-SEG12 mode selection
0 RS
1 SEG9-SEG12

Figure 40 LCD Output Register 3 (LOR3)
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Miscellaneous register (MIS: $00C)
Bit 3 2 1 0
miaivae | 0 [ o | o [ o |
Read/Write w w w w
Bit name MIS3 MiIS2 MIS1 MISO
CMOS buffer
Pull-up MOS on/off selection
MIS3 on/off selection MIS2 for pin R24/SO MIS1 MISO
(4} Off 0 On trc selection.
Refer to figure 18 in the
1 On 1 Off operation modes section.

Figure 41 Miscellaneous Register (MIS)
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Prescalers

The MCU has the following two prescalers, S and
W.

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

Prescaler Operation

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

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

Table 25 Prescaler Operating Conditions

Prescaler input Clock Reset Conditions Stop Conditions
Prescaler S System clock (in active and MCU reset MCU reset,
standby mode), stop mode,
Subsystem clock (in subactive watch mode
mode)
Prescaler W 32-kHz crystal oscillation MCU reset, MCU reset,
software stop mode
LCD
Subsystem| fx/8
clsgck Prescaler W > Timer A
fx/4 or /8 Timer B
——>{ TimerC
System —1 Clock
clock selector Prescaler S > TimerD
' L—>1 serial

Figure 42 Prescaler Output Supply

B u449L204 0044705 258 W 212 Hitachi
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Timers

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

* Timer A: Free-running timer
* Timer B: Multifunction timer
¢ Timer C. Multifunction timer
* Timer D: Multifunction timer

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

Timer A

Timer A Functions: Timer A has the following
functions.

¢ Free-running timer
¢ Clock time-base

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

Timer A Operations:
* Free-running timer operation: The input clock

for timer A is selected by timer mode register A
(TMA: $008).

Timer A is reset to $00 by MCU reset and incre-
mented at each input clock. If an input clock is
applied to timer A after it has reached $FF, an
overflow is generated, and timer A is reset to
$00. The overflow sets the timer A interrupt
request flag (IFTA: $001, bit 2). Timer A con-
tinues to be incremented after reset to $00, and
therefore it generates regular interrupts every
256 clocks.

¢ Clock time-base operation: Timer A is used as a
clock time-base by setting bit 3 (TMAZ3) of timer
mode register A (TMA: $008) to 1. The
prescaler W output is applied to timer A, and
timer A generates interrupts at the correct timing
based on the 32.768-kHz crystal oscillation. In
this case, prescaler W and timer A can be reset
to $00 by software.

Registers for Timer A Operation: Timer A oper-
ating modes are set by the following registers.

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

Table 26 Timer Functions

Functions Timer A Timer B Timer C Timer D
Clock Prescaler S Available Available Available Available
source Prescaler W Available — — —

External event — Available — Available
Timer Free-running Available Available Available Available
functions g hase Available _ - —

Event counter - Available — Available

Reload — Available Available Available

Watchdog —_ — Available —_

input capture — — — Available
Timer Toggle — Available Available Available
outputs g putput — Available Available Available

1 output -_ Available Available Available

PWM — — Available Available
Note: — implies not available.

213 Hitachi
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32.768-kHz fw |Prescalerw Timer A interrupt
cilate uest fi
oscmator—m—-@—m—m' (PSW) feq(lFTA)ag
21w Rk

1/2 tWeyc {

\ Selector Aj

+32

Clock| Timer

counter A —
(TCA) |Overflow

Selactor

/ Selector \C'\
Y
RRRAEE
Nvmgwﬁv
el e

e H el e ¢ s A A
System _L.r PrescaiefS(PSS) ] 3 ]11
Timer mode
register A K|
(TMA)

internal data bus

Figure 43 Block Diagram of Timer A
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Timer mode register A (TMA: $008)

Bit 3 2 1 0
mitalvaiie | o | o | o [ o |
Read/Write w w w w
Bit name TMA3 TMA2 TMA1  TMAO
Source | Input clock
TMA3| TMA2| TMA1| TMAG | prescaler | frequency Operating mode
o 0 0 0 PSS 2048t;,c | Timer A mode
1 | PSS 1024teye
1 0 PSS 512tcyc
1 PSS 128teyc
1 0 0 PSS 32teye
1 PSS Bteye
1 0 PSS Ateyc
1 PSS 2teye
1 0 0 0 PSW 32tweye Time-base
1 | PSw 16tweyc mode
1 0 PSW Btweye
1 PSW 2tweye
1 0 0 PSW 1/2tweye
1 Inhibited
1 X PSW and TCA reset

X : Don't care

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

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

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

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

Figure 44 Timer Mode Register A (TMA)
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Timer B Timer B is incremented by one at each falling
edge of signals input to pin EVNB. The other
operation is basically the same as the free-

running/reload timer operation.

Timer B Functions: Timer B has the following
functions.

 Free-runningfreload timer .
+ External event counter
» Timer output operation (toggle, 0, and 1 outputs)

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

The block diagram of timer B is shown in Toggle
figure 45. 0 output
1 output

Timer B Operations:

By selecting the timer output mode, pin
R1y/TOB is set to TOB. The output from TOB
is reset low by MCU reset.

¢ Free-running/reload timer operation: The free-
running/reload operation, input clock source, and
prescaler division ratio are selected by timer

mode register B1 (TMB1: $009). — Toggle output: When toggle output mode is

selected, the output level is inverted if a clock
is input after timer B has reached $FF. By
using this function and reload timer function,
clock signals can be output at a required fre-
quency for the buzzer. The output waveform
is shown in figure 46.

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

—0 output: When 0 output mode is selected,
set in timer write register B; if the free-running

the output level is pulled low if a clock is

timer function is enabled, the timer is initialized
to $00 and then incremented again.

The overflow sets the timer B interrupt request
flag (IFTB: $002, bit 0). IFTB is reset by soft-
ware or MCU reset. Refer to figure 3 and table

input after timer B has reached $FF. Note
that this function must be used only when the
output level is high.

— 1 output: When 1 output mode is selected,
the output level is set high if a clock is input

1 for details. after timer B has reached $FF. Note that this

function must be used only when the output

+ External event counter operation: Timer B is level is low.

used as an external event counter by selecting
external event input as input clock source. In
this case, pin R13/EVNB must be set to EVNB
by port mode register C (PMRC: $025).

216 Hitachi
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Timer B interrupt
request flag ™
(IFTB)

Timer output
o8 (Q—— . R
control logic Timer read register BU (TRBU)
Timer output control
Timer read

register BL. D
TRBL)

N

Timer counter B
(TCB) Overflow

/ Selector N Timer write r

register BU
@ [ G
Ll e Lo ] et

4 M Timer write

+
PER
System ™ Prescaler S (PSS) | register BL |

clock Free-running/
TWBL
Reload control ( )

/I

3 11

Timer mode

register B1 C
(TMB1)

Timer mode
register B2 D
(TMB2)

N

Clock

+512

Internal data bus

NS~

Figure 45 Block Diagram of Timer B
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Toggle output waveform (timers B, C, and D)

Free-running timer

[ o »l

L = 1
256 clock cycles 256 clock cycles

Reload timer

[ >l »l

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

WM output waveform (timers C and D)

Tx(N+1)
je—

TMC13 =0
T™D13=0

T Tx 256 I

TMC13 =1
TMD13 =1

e
T x (256 —N)

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

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

Timer mode register B1 (TMB1: $009)

Timer mode register B2 (TMB2: $013)

Timer write register B (TWBL: $00A, TWBU:
$00B)

Timer read register B (TRBL: $00A, TRBU:
$00B)

Port mode register C (PMRC: $025)

+ Timer mode register B1 (TMB1: $009): Four-
bit write-only register that selects the free-run-
ning/reload timer function, input clock source,
and the prescaler division ratio as shown in
figure 47. It is reset to $0 by MCU reset.

Writing to this register is valid from the second
instruction execution cycle after the execution of
the previous timer mode register B1 write
instruction. Setting timer B’s initialization by
writing to timer write register B (TWBL: $00A,
TWBU: $00B) must be done after a mode
change becomes valid.

Timer mode register B1 (TMB1: $009)

Bit 3 2 1 0
maivave | o [ o [ o | o |
Read/Write w w w w
Bit name TMB13 TMB12 TMB11 TMB10
Free-running/reload Input clock period and input
TMB13 | timer selection TMB12 | TMB11 | TMB10 | clock source
0 Free-running timer 0 0 2048ty
1 Reload timer 1 512ty
0 1281yc
1 A2teyc
1 0 Bloye
1 Aeyc
0 | 2y
1 R1 ;JEW; (external event input)

Figure 47 Timer Mode Register B1 (TMB1)

Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
nialvaie | — | — [ o [ o |[7me21]™B20] R1¢TOB mode selection
Read/Write — — RW R/W 0 0 R1o R1¢ port
Bit name Notused Notused TMB21 TMB20 1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

Figure 48 Timer Mode Register B2 (TMB2)
219 Hitachi
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» Timer mode register B2 (TMB2: $013): Two-bit
read/write register that selects the timer B output
mode as shown in figure 48. It is reset to $0 by
MCU reset.

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

Timer B is initialized by writing to timer write
register B. In this case, the lower digit (TWBL)
must be written to first, but writing only to the
lower digit does not change the timer B value.
Timer B is initialized to the value in timer write
register B at the same time the upper digit
(TWBU) is written to. When timer write register
B is written to again and if the lower digit value

needs no change, writing only to the upper digit
initializes timer B.

Timer read register B (TRBL: $00A, TRBU:
$00B): Read-only register consisting of the
lower digit (TRBL) and the upper digit (TRBU)
that holds the count of the timer B upper digit
(figures 51 and 52).

The upper digit (TRBU) must be read first. At
this time, the count of the timer B upper digit is
obtained, and the count of the timer B lower
digit is latched to the lower digit (TRBL). After
this, by reading TRBL, the count of timer B
when TRBU is read can be obtained.

Port mode register C (PMRC: $025): Write-only
register that selects R1;/EVNB pin function as
shown in figure 53. It is reset to $0 by MCU
reset.

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

Bit 3 2 1 0
itatvave | o | o | o | o |
ReadWite W W W W
Bitname ~ TWBL3 TWBL2 TWBL1 TWBLO

Figure 49 Timer Write Register B Lower Digit (TWBL)

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

Bit 3 2 1

Initial value  [Undefined| Undefined| Undefined|Undefined
ReadWite W W W

Bitname  TWBU3 TWBU2 TWBUI

TWBUO

Figure 50 Timer Write Register B Upper Digit (TWBU)

M 4496204 00ua?13 324
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Bit

Bit name

Read/Write

3 2 1

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

Inital value |Undefined| Undefined] Undefined] Undefined|

R R R
TRBL3 TRBL2 TRBL1

R
TRBLO

Figure 51 Timer Read Register B Lower Digit (TRBL)

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

Bit 2 1 0
Initial value {Undefined | Undefined| Undefined|Undefined|
Read/Write R R R R

Bit name TRBU3 TRBU2 TRBU1 TRBUO

Figure 52 Timer Read Register B Upper Digit (TRBU)

Port mode register C (PMRC: $025)

Bit 3 2 1 0
iitalvave | 0o | o | o o |
Read/Write w w w w
Bit name PMRC3 PMRC2 PMRC1 PMRCO
PMRC3 | Dy4/INTg mode selection PMRC1 R2¢/EVND mode selection
0 Dy 0 R2y
1 iINT, 1 EVND
PMRC2 [ D¢/STOPC mode selection PMRCO | R1s/EVNB mode selection
0 Dio 0 R1a
1 STOPC 1 EVNB

Figure 53 Port Mode Register C (PMRC)

B 4496204 0044714 2L0 HHE
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Timer C

Timer C Functions: Timer C has the following
functions.

Free-running/reload timer

Watchdog timer

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

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

Timer C Operations:

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

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

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

Watchdog timer operation: Timer C is used as a
watchdog timer for detecting out-of-control pro-

B 449L204 0048715 1T7 A

gram routines by setting the watchdog on flag
(WDON: $020, bit 1) to 1. If a program routine
runs out of control and an overflow is generated,
the MCU is reset. Program run can be con-
trolled by initializing timer C by software before
it reaches $FF.

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

Toggle

0 output

1 output
PWM output

By selecting the timer output mode, pin
R1,/TOC is set to TOC. The output from TOC
is reset low by MCU reset.

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

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

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

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

222 Hitachi
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System Timer C interrupt
reset signal request flag
_T (IFTC)
Watchdog on | _| Watchdog timer
flag (WDON) control logic
4 [
VAN
<> Timer output
TOC control logic
Timer read register CU (TRCU)
Timer output —
control
Timer read
register CL ),
(TRCL)
Clock A
™1 Timer counter C
CcC
™ (reo) Overflow
A 3
/ Sele_cm— Timer write g
INE RN RN register CUC____ 3
< (TWCU) o
D g Timer write £
o R 4k Rl hel Free-running re(grl\sntlthL ] =
?ésctkem PR I Prescaler S (PSS) ] /Reload control
"3 111
Timer mode)
register C1
(TMC1)
\ ,/
3

Figure 54 Block Diagram of Timer C
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Registers for Timer C Operation: By using the
following registers, timer C operation modes are
selected and the timer C count is read and written.

Timer mode register C1 (TMC1: $00D)

Timer mode register C2 (TMC2: $014)

Timer write register C (TWCL: $00E, TWCU:
$00F)

Timer read register C (TRCL: $00E, TRCU:
$00F)

« Timer mode register C1 (TMC1: $00D): Four-

bit write-only register that selects the free-run-
ning/reload timer function, input clock source,
and the prescaler division ratio as shown in
figure 55. It is reset to $0 by MCU reset.

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

Timer mode register C1 (TMC1: $00D)

Bit 3 2 1 0
mitatvave | o [ o | o | o |
Read/Write w w w w
Bit name TMC13 TMC12 TMC11 TMC10
TMC13 | Free-running/reload timer selection | [ TMC12 | TMC11 | TMC10 | Input clock period
] Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 10241cyc
1 0 512tcyc
1 128tcyc
1 0 0 32tcyc
1 Btoye
1 0 Ateye
1 2tcyc

Figure 55 Timer Mode Register C1 (TMC1)
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* Timer mode register C2 (TMC2: $014): Three-
bit read/write register that selects the timer C
output mode as shown in figure 56. It is reset to
$0 by MCU reset.

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

* Timer read register C (TRCL: $00E, TRCU:
$00F): Read-only register consisting of the
lower digit (TRCL) and the upper digit (TRCU)
that holds the count of the timer C upper digit.
The operation of timer read register C is basical-
ly the same as that of timer read register B
(TRBL: $00A, TRBU: $00B).

Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
mtialvave | — [ o | o | o |
Read/Write — RW RW RW
Bit name Notused TMC22 TMC21 TMC20
TMC22 | TMC21 | TMC20 | R1,/TOC mode selection
0 0 0 R14 R14 port
1 TOC Toggle output
1 0 TOC 0 output
1 TOC | 1 output
1 0 0 — Inhibited
1
1 0
1 TOC PWM output

Figure 56 Timer Mode Register C2 (TMC2)

BN 449L204 0048718 90 WM
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Timer write register C (lower digit) (TWCL: $00E)

Bit 3 2 1 0
inialvalve | o | o | o | o |
Read/Write w w w w

Bit name TWCL3 TWCL2 TWCL1 TWCLO

Figure 57 Timer Write Register C Lower Digit (TWCL)

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

Bit 3 2 1
Initial value [Undefined | Undefined] Undsfined| Undefined]
Read/Write w w w w

Bit name TWCU3 TWCU2 TWCU1 TwWCUO

Figure S8 Timer Write Register C Upper Digit (TWCU)

Timer read register C (lower digit) (TRCL: $00E)

Bit 3 2

Initial value  |{Undefined| Undefined| Undefined] Undefined|
ReadWrte R R R R

Bit name TRCL3 TRCL2 TRCL1 TRCLO

Figure 59 Timer Read Register C Lower Digit (TRCL)

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

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

Bit name TRCU3 TRCU2 TRCUt TRCUO

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

Timer D Functions: Timer D has the following
functions.

¢ Free-runningfreload timer

» External event counter

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

* Input capture timer

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

Timer D Operations:

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

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

The overflow sets the timer D interrupt request
flag (IFTD: 3003, bit 0). IFTD is reset by soft-
ware or MCU reset. Refer to figure 3 and table
1 for details.

« External event counter operation: Timer D is
used as an external event counter by selecting
the external event input as an input clock source.
In this case, pin R2o/EVND must be set to
EVND by port mode register C (PMRC: $025).

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

Timer D is incremented by one at each detection

edge selected by detection edge select register 2

M 4496204 OO48720 564 HAE

(ESR2: $027). The other operation is basically
the same as the free-runningfreload timer opera-
tion.

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

Toggle

0 output

1 output
PWM output

By selecting the timer output mode, pin
R1,/TOD is set to TOD. The output from TOD
is reset low by MCU reset.

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

— O output: The operation is basically the same
as that of timer-B’s 0 output.

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

— PWM output: The operation is basically the
same as that of timer-C’s PWM output.

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

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

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

By selecting the input capture operation, pin
R1,/TOD is set to R1, and timer D is reset to
$00.
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Timer D interrupt
request flag (IFTD)

AN

Timer output
control logic Timer read

register DU (TRDU)

Timer output
control

Timer read
register DL )
(TRDL)

Clock [
*1 Timer counter D
= (TCD) Overflow

il
/___ Selector N\ Timer write
1 3 i register DU

I (TWDU) L1

N

Timer write

EVND Edge
@-— detection register DL K ‘
logic (TWDL)
R P2

N hiiki ki -~ M

——{_Prescaler s (PSS)_| Timer mode
imer m

register D1 |
(TMD1)

. 1]

Timer mode
register D2K____ )
(TMD2)

Free-running/
Reload control

Internal data bus

+128
+612

+2048

=8
+32

System
clock

Edge detection control

— 7
2 1
Edge detection

selection register K|
2 (ESR2)

Figure 61 Block Diagram of Timer D (Free-Running/Reload Timer)
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Input capture input capture
status flag ({CSF)| | error flag (ICEF) Timer D interrupt
[ ) request flag (IFTD)
L Error
control
logic AN
Timer read
register DU >
(TRDU)
Timer read
register DL D
(TRDL)
EVND
Edge Read signal N
@— detection >
logic Clock Timer counter D
(TCD) Overflow
Input capture
timer control
g
0
8
/ s Iem—-—ﬁﬁ 3
el
S W W 3 H
Timer mode E
register D1 K |
. (TMD1)
<131 <
a8V B &
e | ode | ol | | o] e o
%pER
e —— Prescalers PSS) |
Timer mode
register D2 K_______>
(TMD2)
L ~ Edge detection control
2 1)
Edge detection
selection registerK
2 (ESR2)
N

Figure 62 Block Diagram of Timer D (Input Capture Timer)
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Registers for Timer D Operation: By using the
following registers, timer D operation modes are
selected and the timer D count is read and written.

Timer mode register D1 (TMD1: $010)

Timer mode register D2 (TMD2: $015)

Timer write register D (TWDL: $011, TWDU:
$012)

Timer read register D (TRDL: $011, TRDU:
$012)

Port mode register C (PMRC: $025)

Detection edge select register 2 (ESR2: $027)

« Timer mode register D1 (TMD1: $010): Four-

ning/reload timer function, input clock source,
and the prescaler division ratio as shown in
figure 63. It is reset to $0 by MCU reset.

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

When selecting the input capture timer opera-
tion, select the internal clock as the input clock

bit write-only register that selects the free-run- source.
Timer mode register D1 (TMD1: $010)
Bit 3 2 1 0
mitatvave | 0 | o | o | o ]
Read/Write w w w w
Bit name TMD13 TMD12 TMD11 TMD10
’ Input clock period and
TMD13 | Free-running/reload timer selection | | TMD12 | TMD11 | TMD10 | input clock source
0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 5121cyc
1 0 128tcyc
1 32teyc
1 0 0 8Bteye
1 Hoye
1 0 2toye
1 R2/EVND
(external event input)

Figure 63 Timer Mode Register D1 (TMD1)

B 449L204 0Oud723 273 WA
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« Timer mode register D2 (TMD2: $015): Four-
bit read/write register that selects the timer D
output mode and input capture operation as
shown in figure 64. It is reset to $0 by MCU
reset.

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

Timer read register D (TRDL: $011, TRDU:
$012): Read-only register consisting of the
lower digit (TRDL) and the upper digit (TRDU).
The operation of timer read register D is basical-

ly the same as that of timer read register B
(TRBL: $00A, TRBU: $00B).

When the input capture timer operation is select-
ed and if the count of timer D is read after a trig-
ger is input, either the lower or upper digit can
be read first.

« Port mode register C (PMRC: $025): Write-only
register that selects R2¢/EVND pin function as
shown in figure 53. It is reset to $0 by MCU
Teset.

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

Timer mode register D2 (TMD2: $015)

Bit 3 2 1 0
miiaivaie | o | o | o | o |
Read/Write RW RW RW RW
Bit name TMD23 TMD22 TMD21 TMD20
TMD23 | TMD22 | TMD21 | TMD20 | R12/TOD mode selection
0 0 0 0 R12 R13 port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 —_— Inhibited
1
1 0
1 TOD PWM output
1 X X X Rtz Input capture (R12 port)

X : Don't care

Figure 64 Timer Mode Register D2 (TMD2)
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Timer write register D (lower digit) (TWDL: $011)

Bit 3 2 1 0
nitalvalie | 0 | o [ o | o |
Read/Write w w w w
Bit name TWDL3 TWDL2 TWDL1 TWDLO

Figure 65 Timer Write Register D Lower Digit (TWDL)

Timer write register D (upper digit) (TWDU: $012)

Bit 3 2 1 0
Initial value |Undefined| Undefined| Undefined| Undefined|
Read/Write w w w w
Bit name TWDU3 TWDU2 TWDUI TWDUO

Figure 66 Timer Write Register D Upper Digit (TWDU)

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

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

Bit name TROL3 TRDL2 TRDL1 TRDLO

Figure 67 Timer Read Register D Lower Digit (TRDL)

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

Bit 3 2 1 0
Inifial value  |Undefined] Undefined| Undefined| Undefined|
Read/Write R R R R
Btname  TRDUS TRDU2 TRDUI TRDUO

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

Bit 3 2 1 0

italvaiie | 0 | o | o [ o |

Read/Write w w w w

Bit name ESR23 ESR22 ESR21 ESR20

ESR23 | ESR22 EVND detection edge ESR21 | ESR20 INT, detection edge
0 0 No detection 0 0 No detection
Falling-edge detection 1 Falling-edge detection
1 v} Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection* 1 Double-edge detection*
Note: * Both falling and rising edges are detected.

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

When using the timer output as PWM output, note
the following point. From the update of the timer
write register untill the occurrence of the overflow
interrupt, the PWM output differs from the period

and duty settings, as shown in table 27. The PWM
output should therefore not be used until after the
overflow interrupt following the update of the
timer write register. After the overflow, the PWM
output will have the set period and duty cycle.

Table 27 PWM Output Following Update of Timer Write Register

PWM Output

Timer Write Register is Updated

Timer Write Register is Updated

Mode during High PWM Output during Low PWM Output
Free T it Ti "
. imer write imer write
funning register register
updatedto  Interrupt updated to Interrupt
value N request value N request

| !

L B

Tx(255-N)| Tx(N'+1)] Tx(N'+1)
l T b |

| Tx(255-N) [Tx(N+1
f

Reload

Timer write

register

updated to  Interrupt
value N request

T Tx(255-N)| T
R

L B

Timer write

register

updated to Interrupt
value N request

!

Tl
| Tx(255-N) T
=

M 44965204 0044727 919 W
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Serial Interface

The serial interface serially transfers and receives
8-bit data, and includes the following features.

Multiple transmit clock sources

Serial data register (SRL: $006, SRU: $007)
Serial mode register A (SMRA: $005)
Serial mode register B (SMRB: $028)
Miscellaneous register (MIS: $00C)

—External clock Octal counter (OC)
—Internal prescaler output clock Selector
— System clock
* Output level control in idle states The block diagram of the serial interface is shown
in figure 70.
Five registers, an octal counter, and a multiplexer
are also configured for the serial interface as
follows.
Octal Serial interrupt N\
S0 counter (OC) reql:'%sg)ﬂag
Idle
controller |
8CK
[I[e] Clock Serial data
@—_\ controlier register (SR) <
St
©— e |
Transfer ko)
m 12 - cortrol 8
g signal E
D -]
B E
/ o\ 3
Selector ANy ‘] ] 1
Serial mode
@l o g register A K|
N (SMRA)
System | | PER T I — —1 |
clock ™ Prescaler S (PSS) Serial mode
register B K
(SMRB) \V

Figure 70 Block Diagram of Serial Interface
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Serial Interface Operation

Selecting and Changing the Operating Mode:
Table 28 lists the serial interface’s operating
modes. To select an operating mode, use one of
these combinations of port mode register A
(PMRA: $004) and serial mode register A (SMRA:
$005) settings; to change the operating mode,
always initialize the serial interface internally by
writing data to serial mode register A. Note that
the serial interface is initialized by writing data to
serial mode register A. Refer to the following
Serial Mode Register A section for details.

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

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

Data Setting: Transmit data is set by writing data
to the serial data register (SRL: $006, SRU: $007).
Receive data is obtained by reading the contents of
the serial data register. The serial data is shifted by
the transmit clock and is input from or output to an
external system.

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

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

When the prescaler output is selected as the trans-
mit clock, the transmit clock frequency is selected
as 4ty to 8192t by setting bits 2 to 0 (SMRA2-
SMRAQO) of serial mode register A (SMRA: $005)

M 4496204 OO48729 791 W

and bit 0 (SMRBO) of serial mode register B
(SMRB: $028) as listed in table 29.

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

STS wait state

Transmit clock wait state

Transfer state

Continuous clock output state (only in internal
clock mode)

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

+ Transmit clock wait state: Transmit clock wait
state is between the STS execution and the
falling edge of the first transmit clock. In trans-
mit clock wait state, input of the transmit clock
(02, 12) increments the octal counter, shifts the
serial data register, and enters the serial interface
in transfer state. However, note that if continu-
ous clock output mode is selected in internal
clock mode, the serial interface does not enter
transfer state but enters continuous clock output
state (17).

The serial interface enters STS wait state by
writing data to serial mode register A (SMRA:
$005) (04, 14) in transmit clock wait state.

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

If the state changes from transfer to another
state, the serial interrupt request flag (IFS: $023,
bit 2) is set by the octal counter that is reset to
000.

» Continuous clock output state (only in internal
clock mode): Continuous clock output state is
entered only in internal clock mode. In this
state, the serial interface does not transmit/
receive data but only outputs the transmit clock
from the SCK pin.

When bits 1 and 0 (PMRA1, PMRAO) of port
mode register A (PMRA: $004) are 00 in trans-

clock output state. If serial mode register A
(SMRA: $005) is written to in continuous clock
output mode (18), STS wait state is entered.

Output Level Control in Idle States: In idle
states, that is, STS wait state and transmit clock
wait state, the output level of the SO pin can be
controlled by setting bit 1 (SMRB1) of serial mode
register B (SMRB: $028) to 0 or 1. The output
level control example is shown in figure 72. Note
that the output level cannot be controlled in
transfer state.

Transmit Clock Error Detection (In External
Clock Mode): The serial interface will malfunc-
tion if a spurious pulse caused by exiernal noise
conflicts with a normal transmit clock during
transfer. A transmit clock error of this type can be

mit clock wait state and if the transmit clock is

detected as shown in figure 73.
input (17), the serial interface enters continuous

Table 28 Serial Interface Operating Modes

SMRA PMRA
Bit3 Bit1 Bit0 Operating Mode
1 0 0 Continuous clock output mode
1 Transmit mode
1 0 Receive mode
1 Transmit/receive mode

Table 29 Serial Transmit Clock (Prescaler OQutput)

SMRB SMRA
BitO Bit 2 Bit 1 Bit0 Prescaler Division Ratio Transmit Clock Frequency
0 0 0 0 +2048 4096t
1 +512 102415y,
1 0 =128 256t,yc
1 +32 64teyc
1 0 0 +8 16teye
1 +2 Heye
1 0 0 0 + 4096 81921,
1 +1024 204815y,
1 0 + 256 512tey0
1 +64 128ty
1 0 0 +16 32ty
1 +4 8teye
237 Hitachi
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If more than eight transmit clocks are input in
transfer state, at the eighth clock including a spuri-
ous pulse by noise, the octal counter reaches 000,
the serial interrupt request flag (IFS: $023, bit 2) is
set, and transmit clock wait state is entered. At the
falling edge of the next normal clock signal, the
transfer state is entered. After the transfer comple-
tion processing is performed and IFS is reset,
writing to serial mode register A (SMRA: $005)
changes the state from transfer to STS wait. At
this time IFS is set again, and therefore the error
can be detected.

Notes on Use:

« Initialization after writing to registers: If port

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

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

External clock mode

transmit cl

STS wait state
(Octal counter = 000,

SMRA write (04 (08> SMRA write (IFS ¢ 1)
Q@D STS instruction

(80> MCU resst
.——
ock disabled)

Continuous clock output state

(PMRA 0, 1 = 00) SMRA write

Transmit clock GD‘\

(@2 Transmit clock
Transmit clock wait state Transfer state
{Octal counter = 000) - (Octal counter » 000)
8 transmit clocks STS instruction (IFS « 1)
Internat clock mode
STS wait state
SMRA write (Octal counter = 000,
transmit clock disabled)

(33 8 transmit clocks
QD sTS instruction

SMRA write (IFS 1)

aD Transmit clock

Transfer state

Transmit clock wait state

(Octal counter = 000)

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

(Octal counter » 000)

STS Instruction (IFS « 1)

Figure 71 Serial Interface State Transitions

| '-IH“H:E’DH Do487?31 3'-IT L
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Transmit clock Transmit clock
wait state wait state
State te——STS wait state - ; Transfer state : e~ STS wait state
MCU reset L . A '
Port selection ; '
PMRA write ; ;
External clock selection ; : i Dummy write for
1 ; l state transition
SMRA write — : -
Output level controlin : i Output level control in
‘ idle states : ! i idle states
SMRB write : : — : !
+ Data write for transmission ) :
SRL, SRU write ; :
STS instruction : ‘
SOK pin (input) i
80 pin NANEEEREEANN (EsBX XX XXX wse T
"o R
External clock mode Flag reset at transter compleation
Transmit clock
)g wait state
State te——STS wait state : Transter state : STS wait state
MCU reset ;
Port selection H
PMRA write ;
Internal clock selection i i
SMRA write - :
Qutput level control in Vo Output level control in
idle states Pl idle states
SMRB write _ —
Data write for transmission
SRL, SRU write ;
STSi
SCK pin (output) : ;
SO pin M Undsfined WY (B X X X XXX _mse_ X
IFS l
Internal clock mode Flag reset at transfer completion

Figure 72 Example of Serial Interface Operation Sequence
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Transfer completion
(IFS 1)

'

Interrupts inhibited

:

IFS «0
SMRA write
Yes Transmit clock
error processing
No
Normal
termination

Transmit clock error detection flowchart

Transmit clock Transmit clock wait state
wait state v
State . Transfer state : : Transfer state
SCK pin (input)
Noise :
X1 X2 X 3 X 4 X5 X 6 X 7 X8 |
! Transfer state has been
i entered by the transmit clock
i error. When SMRA is written,
! IFS'is set.
SMRA write )
IFS *——’
Flag set because octal ~ Flag resetat
counter reaches 000 transfer completion
Transmit clock error detection procedure
Figure 73 Transmit Clock Error Detection
M 4495204 0Ou8733 112 BN 240 Hitacni
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Registers for Serial Interface

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

Serial Mode Register A (SMRA: $005)
Serial Mode Register B (SMRB: $028)

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

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

* R2,/SCK pin function selection

* Transfer clock selection

* Prescaler division ratio selection

* Serial interface initialization

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

A write signal input to serial mode register A
(SMRA: $005) discontinues the input of the trans-
mit clock to the serial data register and octal

counter, and the octal counter is reset to 000.
Therefore, if a write is performed during data
transfer, the serial interrupt request flag (IFS: $023,
bit 2) is set.

Written data is valid from the second instruction
execution cycle after the write operation, so the
STS instruction must be executed at least two
cycles after that.

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

« Prescaler division ratio selection
* Output level control in idle states

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

By setting bit 0 (SMRBO) of this register, the
prescaler division ratio is selected. Only bit 0
(SMRBO) can be reset to 0 by MCU reset. By
setting bit 1 (SMRBI1), the output level of the SO
pin is controlled in idle states. The output level
changes at the same time that SMRB1 is written to.

Serial mode register A (SMRA: $005)
Bit 3 2 1 0
maivave | 0 | o [ o | o |
Read/Write w w w w
Bit name SMRA3 SMRA2 SMRA1 SMRAO
R2,/SCK Prescaler
SMRA3 | mode selection SMRA2 | SMRA1 | SMRAO | SCK Clock source | division ratio
0 R2, 0 0 0 Output | Prescaler Refer to
1 5CK ] table 29
1 0
1
1 0 0
1
1 0 Output | System clock | —
1 Input External clock | —

Figure 74 Serial Mode Register A (SMRA)
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Serial Data Register (SRL: $006, SRU: $007):
This register has the following functions (figures
76 and 77).

« Transmission data write and shift
* Receive data shift and read

Writing data in this register is output from the SO
pin, LSB first, synchronously with the falling edge

of the transmit clock; data is input, LSB first,
through the SI pin at the rising edge of the transmit
clock. Input/output timing is shown in figure 78.

Data cannot be read or written during serial data
transfer. If a read/write occurs during transfer, the
accuracy of the resultant data cannot be guaran-
teed.

Serial mode register B (SMRB: $028)

Bit 3 2 1 0
iitiatvalve | — | — |undefined ©0 |
Read/Write — — W w
Bit name Not used Notused SMRB1 SMRBO
SMRB1 | Output level control inidle states| | SMRBO | Transmit clock division ratio
0 Low level 0 Prescaler output divided by 2
1 High level 1 Prescaler output divided by 4

Figure 75 Serial Mode Register B (SMRB)

Bit 3 2 1

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

0

Initial value  |Undefined] Undefined|Undefined| Undefined|

Read/Write
Bit name

RW RW RW
SR3 SR2 SR1

RW
SRO

Figure 76 Serial Data Register (SRL)

Serial data register (upper digit) (SRU: $007)

Bit 3 2 1 0
Initial value  |Undefined|Undefined|Undefined|Undefined|
ReadWrite AW  RW  RW  RW
Bit name SR7 SRé SR5 SR4
Figure 77 Serial Data Register (SRU)
242 Hitachi
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HD404629 Series

Port Mode Register A (PMRA: $004): This
register has the following functions (figure 79).

* R2,/SI pin function selection
* R23/S0 pin function selection

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

Miscellaneous Register (MIS: $00C): This
register has the following function (figure 80).

* R23/SO pin PMOS control

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

Transmit clock | | | | | I I I l ’ | | l | ' ’

1 2 3

Serial output
data

Serial input data
latch timing

Figure 78 ‘Serial Interface Output Timing

Port mode register A (PMRA: $004)

Bit 3 2 1 0
mtaivae | — | — T o [ o |
Read/Write — — w w
Bit name Not used Notused PMRA1 PMRAQ
PMRAT1 R25/S1 mode selection PMRAQO [ R23/SO mode selection
0 R2; 0 R23
1 S 1 SO

Figure 79 Port Mode Register A (PMRA)
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Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
Initial value l 0 | 0 I 0 | 0 I
Read/Write w w w W
Bit name MIS3 MIS2 MIS1 MISO
MIS3 Pull-up MOS on/off selection MiS1 MISO tre
0 Off 0 0 0.12207 ms
1 On 0.24414 ms
1 7.8125 ms
MIS2 R23/SO PMOS on/off selection
1 0 31.25 ms
0 On
1 Not used
1 Oft

Figure 80 Miscellaneous Register (MIS)
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A/D Converter

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

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

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

A/D Start Flag (ADSF: $020, Bit 2): One-bit
flag that initiates A/D conversion when set to 1.
At the completion of A/D conversion, the convert-
ed data is stored in the A/D data register and the
A/D start flag is cleared. Refer to figure 86.

N
Interrupt flag
(IFAD)
N A/D data
Encoder register )
(ADRU, ADRL)
2 ~

2 ®
¥
ANo O— A/D mode £
O register K 3

ANy (AMR)
ANz O— g
AN O—| A/D control £

logic Conversion time control
Reference 1
AVes O— voltage
A/D start flag
(ADSF)
AVss O oA Reference voitage control
1 HLT (0 in stop, watch, and
subactive modes)

Figure 81 Block Diagram of A/D Converter
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Note on Use: Use the SEM and SEMD instruc-
tions to write data to the A/D start flag (ADSF:
$020, bit 2), but make sure that the A/D start
flag is not written to during A/D conversion. Data
read from the A/D data register (ADRL: $017,
ADRU: $018) during A/D conversion cannot be
guaranteed.

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

A/D mode register (AMR: $016)

Bit 3 2 1 0
iitatvave | 0 | o | — | o |
Read/Write w w — w
Btname  AMR3 AMR2 Notused AMRO

T

AMR3 | AMR2 | Analog input selection AMRO | Conversion time
0 AND 0 34tcyc
1 ANy 1 67tcyc
1 0 AN
1 1 AN3
Figure 82 A/D Mode Register (AMR)
ADRU: $018 ADRL: $017

/1]

3
MS

B

!

L

Bit 7

BitO

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

Bit 3 2 1 0
mitaivave { 0 | o [ o [ o B
Read/Write R R R R
Bit name ADRL3 ADRL2 ADRL1 ADRLO

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

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

Bit 3 2 1 0
mtaivae | 1 | o | o [ o |
Read/Write R R R R
Bitname  ADRU3 ADRU2 ADRU1 ADRUO

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

A/D start flag (ADSF: $020, bit 2)

Bit 3 2 1 0

mtalvave | 0 | o [ o | o |

Read/Write RW RW RW RW

Bit name DTON ADSF WDON LSON
DTON WDON
Refer to the description of operating Refer to the description of timers
modes
ADSF (A/D start flag) LSON
1 A/D conversion started Refer to the description of operating
0 A/D conversion completed modes

Figure 86 A/D Start Flag (ADSF)
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DTMF Generation Circuit

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

Figure 87 shows the DTMF keypad and frequen-
cies. Each key enables tones to be generated corre-
sponding to each frequency. Figure 88 shows a
block diagram of the DTMF circuit.

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

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

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

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

System Clock Select Register (SSR: $029):
Four-bit write-only register. This register must be
set to the value specified in figure 91 depending on
the frequency of the oscillator connected to the
OSC; and OSC, pins. Note that if the combination
of the oscillation frequency and the value in this
register is different from that specified in figure 91,
the DTMF output frequencies will differ from the
correct frequencies as listed in figure 89.

C3 (1,477 Hz)

N
I
©
Y]
™
-
z
o
(O]

R1 (697 Hz)

R2 (770 Hz)

R3 (852 Hz)

R4 (941 Hz)

C4 (1,633 Hz)

Figure 87 DTMF Keypad and Frequencies

M 449L204 OO48741 299 EE

248 Hitachi

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




HD404629 Series

R Transforma-
TONER @— ;‘::tewras'/e,\ tion program N
divider
Feedback | t 2 f_j]
. _ 1]
rof o Tone generator
mode register K
TGM
TONER output control ( )
TONEC @ Sine wave Transforma- ]
counter D/A tuor:jsrigg:am Tone generator ®
. =1
Feedback 2 ) comﬁ-‘é‘é‘;'sm - =
3
©
§
TONEC output control 2 E
fosc 400 kHz ] ]
800 kHz System clock
- 400 kHz selection register K
4 MHz

Figure 88 Block Diagram of DTMF Circuit
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Tone generator mode register (TGM: $019)

Bit 3 2 1 0
Initial value | 0 l 0 | 0 | 0 J
Read/Write w w w w
Bit name TGM3 TGM2 TGMt TGMO
TGM3 | TGM2 | TONEC output frequencies TGM1 | TGMO | TONER output frequencies
0 ] for (1,209 Hz) 0 fry (697 Hz)
0 1 fc2 (1,336 Hz) 1 frz2 (770 Hz)

-
o

fca (1,477 Hz)

0 fr3 (852 Hz)

-
-

fcs (1,633 Hz)

1 fra4 (941 Hz)

Figure 89 Tone Generator Mode Register (TGM)

Tone generator control register (TGC: $01A)

Bit 3 2 1 0
mitaivaie | 0 [ o | o | — |
Read/Write w W w —_
Bit name TGC3 TGC2 TGC1 Notused
TGC3 | TONEC output control (column) TGC1 | DTMF enable bit
0 No output 0 DTMF disable
1 TONEC output (active) 1 DTMF enable

TONER output control (row)
0 No output
1 TONER output (active)

Figure 90 Tone Generator Control Register (TGC)
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DTMF Output: The sine waves of the row-group
and column-group are individually converted in
the D/A conversion circuit which provides a high-
precision ladder resistance. The DTMF output
pins (TONER, TONEC) transmit the sine waves of
the row-group and column-group, respectively.

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

Table 30 Frequency Deviation of the MCU from Standard DTMF

Standard DTMF (Hz) MCU (Hz) Deviation from Standard (%)
A1 697 694.44 -0.37
R2 770 769.23 -0.10
R3 852 851.06 -0.11
R4 941 938.97 —0.22
c1 1,209 1,212.12 0.26
c2 1,336 1,333.33 -0.20
c3 1,477 1,481.48 0.30
ca 1,633 1,639.34 0.39

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

System clock select register (SSR: $029)
Bit 3 2 1 0
htialvaie | 0 | o | o | o |
Read/Write w W w W
Bit name SSR3 SSR2  SSRf SSRO
SSR3 | 32-kHz oscillation stop SSR1 SSRO System clock selection
0 Oscillation operates in stop mode 0 0 400 kHz
1 Oscillation stops in stop mode 0 1 800 kHz
1 0 2 MHz
32-kHz oscillation division 1 1
SSR2 | ratio selection 4 MHz
0 fsus = fx/8
1 fsup = fx/4
Note: SSR3is cleared only by a RESET input. SSR3 will not be cleared by a STOPC input during stop
mode, and will retain its value. SSR3 will also not be cleared upon entering stop mode.

Figure 91 System Clock Select Register (SSR)
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Switch control

o TH11) |
.

Figure 92 Tone Output Equivalent Circuit

VTret [
: 1 23456 7 8 91011121314 1516 17[18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
GND
Time slot
Figure 93 Waveform of Tone Output
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LCD Controller/Driver

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

Four duty cycles and the LCD clock are pro-

grammable, 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
even be used in watch mode, in which the system
clock stops.

Vee Power switch
V; O— COM1
= L.CO ————0 COM2
Vo O b LCD y——; common COM3
N ———————O0
2 4 power driver
= control ™ ————————0 COM4
ircuit
Vs O cireul LCD output
= LCD 3 registers
clock
GND O— ¢ IQ%?'?
41 4 |§an2
: 01
Display Display on/off 2 4 I"LoR1
control I 7 $01D
register ‘ \
LCR: $01B ———©0 SEG1/R3,
—O SEG2/R3,
$050 Segment/
; port R3 to R7
D:glaay LCD multiplexer
LMR: $01C Szgi"‘,‘:r"‘ ———O SEG19/R7,
LCD duty- (dual port ——O SEG20/R7,
cycle/clock RAM)
control register $083
O SEG21
/’2 1 2 }
RAM area
) LCD clock
Duty cycle selection
Clock soiect Divided system
ock selection clock output (CL1-CL3)
P ) Divided 32-kHz
LCD: Liquid crystal display ciock output (CLO)

Figure 94 Block Diagram of Liquid Crystal Display Control System
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LCD Data Area and Segment Data ($050-$083): Off: The power switch is off.

As shown in figure 95, each bit of the storage area On: The power switch is on and Vq is Vc.

corresponds to one of four duty cycles. If data is

written to an area corresponding to a certain duty  * Watch/subactive mode display

cycle, it is automatically output to the correspond- Off: In watch and subactive modes, all common

ing segments as display data. and segment pins are grounded and the
liquid-crystal power switch is turned off.

LCD Control Register (LCR: $01B): Three-bit On: In watch and subactive modes, LCD RAM

write-only register which controls LCD blanking, data is output as segment signals.

on/off switching of the liquid-crystal display’s

power supply division resistor, and display in  LCD Duty-Cycle/Clock Control Register (LMR:

watch and subactive modes, as shown in figure 96. $01C): Four-bit write-only register which selects
the display duty cycle and LCD clock source, as
«» Blank/display shown in figure 97. The dependence of frame

Blank: Segment signals are turned off, frequency on duty cycle is listed in table 31.
regardless of LCD RAM data setting.
Display: LCD RAM data is output as segment ~ LCD Output Register 1 (LOR1: $01D): Write-
signals. only register used to specify ports R3;-R3; as pins
SEG1-SEG4 by individual pins (figure 98).
» Power switch on/off

BitJ Bit2 Bit1 Bit0 Bit3 Bit 2 Bit 1 Bit0
80 | SEGt SEG1 SEG1 SEG1 | $050 106 | SEG27 SEG27 | SEG27 | SEG27 | $06A
81 SEG2 SEG2 SEG2. SEG2 | $051 107 | SEG28 SEG28 | SEG28 | SEG28 | $068
82 | SEG3 SEG3 SEG3 SEG3 | $052 108 | SEG29 SEG29 | SEG29 | SEG29 | $06C
8 SEG4 SEG4 SEG4 SEG4 | $063 109 | SEG30 SEG30 | SEG30 | SEGS30 | $06D
84 | SEGS SEGS SEG5 SEG5S | $054 110{ SEG31 SEG3t1 | SEG31 SEG31 | $08E
B85 | SEGE SEGE SEGE SEGS | $065 111 | SEG32 SEG32 | SEG32 | SEG32 | $06F
88 | SEG7 SEG? SEG? SEG7 | $056 1i2| SEG33 SEG33 | SEG33 | SEG33 | $070
87 SEG8 SEGB SEG8 SEG8 | $057 113 | SEG34 SEG34 | SEG34 | SEG34 | $071
88 | SEGS SEGO SEGS SEGO | $058 114 | SEG3S SEG35 | SEG35 | SEG35 | $072
89 | SEG10 | SEG10 | SEG10 | SEG10 | $050 115 | SEG38 SEG36 | SEG38 | SEG36 | $073
90 | SEG11 | SEG11 | SEGI1 SEG11 | $05A 116! SEG37 SEG37 | SEG37 | SEG37 | $074
91 | SEG12 | SEG12 | SEG12 | SEG12 | 3058 117 | SEG38 | SEG38 | SEG38 | SEG38 | $075
92 | SEG13 | SEG13 | SEG13 | SEGI3 | $05C 118} SEG39 SEG39 | SEG39 | SEG39 | $078
93 | SEG14 | SEG14 | SEG14 | SEG14 | $05D 119 SEG40 SEG40 | SEG40 | SEG40 | $077
94 | SEG15 | SEG15 | SEGIS | SEG15 | $OSE 120 | SEG41 SEG41 | SEG41 SEG41 | $078
95 | SEG16 | SEG16 | SEG16 | SEG16 | $05F 121 | SEG42 SEG42 | SEG42 | SEG42 | $079
96 | SEG17 | SEG17 | SEG17 [ SEG17 | $060 122 | SEG43 SEG43 | SEG43 | SEG43 | $07A
97 | SEG18 | SEG18 | SEG18 | SEGI8 | $061 123 | SEG44 SEG44 | SEG44 | SEG44 | $078
98 | SEG19 | SEG19 | SEG19 | SEG19 | s062 124 | SEG45 SEG45 | SEG45 | SEG45 | $07C
90 | SEG20 | SEG20 | SEG20 | SEG20 | $063 126 | SEG48 SEG46 | SEG46 | SEG46 | $070
100 | SEG21 | SEG21 | SEG2t | SEG21 | $064 126 | SEG47 SEG47 | SEG47 | SEG47 | SO7E
101 | SEG22 | SEG22 | SEG22 | SEG22 | $065 127 | SEG48 SEG48 | SEG48 | SEG48 | $07F
102 | SEG23 | SEG23 | SEG23 | SEG23 | $066 128 | SEG49 SEG49 | SEG49 | SEG49 | $080
103 | SEG24 | SEG24 | SEG24 | SEG24 | $067 129 | SEGS0 SEGS0 | SEGS50 | SEGS0 | $081
104 | SEG25 | SEG25 | SEG25 | SEG25 | $068 130 | SEGS1 SEG51 | SEGS51 SEGS51 | $082
105 | SEG26 | SEG26 | SEG26 | SEG26 | $069 131 ] SEGS2 SEG52 | SEGS2 | SEGS2 | $083
COM4 cOM3  COM2 COM1 COM4 CcoM3 COM2 COM1

Figure 95 Configuration of LCD RAM Area (for Dual-Port RAM)
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LCD Output Register 2 (LOR2: $01E): Write-
only register used to specify ports R4;—R4; as pins
SEG5-SEGS8 by individual pins (figure 99).

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

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

The size of these resistors cannot be simply calcu-

lated from the LCD load capacitance because the
matrix configuration of the LCD complicates the
paths of charge/discharge currents flowing through
the capacitors—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 to 10 k2 would usually be suitable.
(Another effective method is to attach capacitors of
0.1t0 0.3 uF)

Always turn off the power switch (set bit 1 of the
LCR to 0) before changing the liquid-crystal drive
voltage (Vi cp)-

LCD display control register (LCR: $01B)

Bit 3 2 1 0
mitialvave | — | o | o | o |
Read/Write — w w w
Bit name Notused LCR2 LCR1 LCRO
LCR2 Display on/off selection in LCR1 | Power switch on/off
watch and subactive modes 0 ot
0 oft 1 On
on LCRO | Blank/display
0 Blank
1 Display

Figure 96 LCD Control Register (LCR)

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

Bit 3 2 1 0

mgalvaive | 0 [ o | o [ o |

Read/Write w w w w

Bit name LMR3 LMR2 LMRt LMRO

LMR3 { LMR2 | input clock source selection LMR1 LMRO | Duty cycle selection
0 0 CLO (32.768-kHz x duty/64: when 0 0 1/4 duty
32.768-kHz oscillation is used) o 1 173 duty

0 1 CL1 (fosc x duty cycle/1024) 1 0 1/2 duty
1 0 CL2 (fosc x duty cycle/8192) 1 1 Static
1 1 CL3 (refer to table 30)

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

Frame Frequencies

fosc = fosc = fosc = fosc =
DutyCycle LMR3 LMR2 400 kHz 800 kHZ 2 MHz 4 MH2z
Static 0 0 CLo 512 Hz
1 CL1 390.6 Hz 781.3Hz 1953 Hz 3906 Hz
1 0 CL2 48.8 Hz 97.7 Hz 244.1 Hz 488.3 Hz
1 CL3* 24.4 Hz 48.8 Hz 122.1 Hz 2441 Hz
64 Hz
1/2 0 0 CLO 256 Hz
1 CL1 195.3 Hz 390.6 Hz 976.6 Hz 1953 Hz
1 0 CL2 244 Hz 48.8 Hz 122.1 Hz 2441 Hz
1 CL3* 12.2Hz 244 Hz 61 Hz 122.1 Hz
32 Hz
1/3 0 0 CcLo 170.7 Hz
1 CL1 130.2 Hz 260.4 Hz 651 Hz 1302 Hz
1 0 cL2 16.3 Hz 326 Hz 81.4 Hz 162.8 Hz
1 CL3* 8.1 Hz 16.3 Hz 40.7 Hz 81.4 Hz
21.3Hz
1/4 0 0 CLo 128 Hz
1 cL1 97.7Hz 195.3 Hz 488.3 Hz 976.6 Hz
1 0 cL2 12.2 Hz 24.4 Hz 61 Hz 122.1 Hz
1 CL3* 6.1 Hz 12.2 Hz 30.5 Hz 61 Hz
16 Hz

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

Upper value: When TMA3 =0, CL3 = fog¢ x duty cycle/16384.
Lower value: When TMA3 = 1, CL3 = 32.768 kHz x duty cycle/512.
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LCD output register 1 (LOR1: $01D)

Bit 3 2 1 0
mitalvave | 0 | o | o | o |
Read/Write W w w w
Bit name LOR13 LOR12 LORi1 LOR10
LOR13 | R3s/SEG4 mode selection LOR11 | R3y/SEG2 mode selection
0 R33 0 R3,
1 SEG4 1 SEG2
LOR12 | R32/SEG3 mode selection LOR10 | R3¢/SEG1 mode selection
0 R32 0 R3p
1 SEG3 1 SEGH

Figure 98 LCD Output Register 1 (LOR1)

LCD output register 2 (LOR2: $01E)

Bit 3 2 1 0
mitalvawe | o | o | o | o |
Read/Write w w w W
Bit name LOR23 LOR22 LOR21 LOR20
LOR23 | R43/SEGS mode selection LOR21 | R4//SEG6 mode selection
0 R4z 0 R4,
1 SEG8 1 SEG6
LOR22 | R45/SEG7 mode selection LOR20 | R4¢/SEGS5 mode selection
0 R4, 0 R4o
1 SEG7 1 SEG5

Figure 99 LCD Output Register 2 (LOR2)
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LCD output register 3 (LOR3: $01F)

Bit 3 2 1 0
mitalvaie [ — | o | o [ o |
Read/Write — w w w

Bit name Notused LOR32 LOR31 LOR30

LOR32 | R7/SEG17-SEG20 mode selection LOR30 | R5/SEGS-SEG12 mode selection
0 R7 0 R5
1 SEG17-SEG20 1 SEG9-SEG12

LOR31 | R6/SEG13-SEG16 mode selection
0 R6
1 SEG13-SEG16

Figure 100 LCD Output Register 3 (LOR3)
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Vee (V1) Vee (Vq)
R
Va2 Vo
R
V3 Vs
R
GND GND
1 — 6-digit LCD
Y | 9
l Vee  comtf— I__’, with sign
\'4
Vce Vieo :V; SEEH 52 T
V3 ¢
I [ GonD SEG52
Static drive
COM1 2, 7 .
Vee CoMe— ,L_—,' 13-digit LCD
4 V4
Vee — v Vo SEG1 52
LD T EVs to #
l oo SECGS2
1/2 duty, 1/2 bias drive
Vee C?M1 3 | 17-digitLCD
c 0 1, with sign
v, OM3
Vee =— V. T
—V2  SEG1 52
Vico 1— v, 1o >
GND SEGS2
1/3 duty, 1/3 bias drive
Voo zzg’” 4 2 ss-digitLeo
1 2 M4
Vee 7 VLCD_l: V2 sEGt 52 1
"‘V3 to
T GND SEG52
1 . .
Vec 2Vicp 2 GND /4 duty, 1/3 bias drive

Figure 101 LCD Connection Examples
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HD404629 Series

Notes on Mounting

Assemble all parts including the HD404629 Series 1. Connect layered ceramic type capacitors
on a board, noting the points described below. (about 0.1 pF) between AVcc and AVgs,

between Ve and GND, and between used
analog pins and AVgg.

2. Connect unused analog pins to AVgg.

Vee

GND

VCC

GND

Vee

GND

1. When not using an A/D converter.

AVcc
AN,
AN,
AN,
AN,

.
I

AVSS

2. When using pins ANy and AN, but not using AN, and AN;.

AVee

AN

AN,

AN,
l AN,
1

1 1
A

AVss

0.1 qu 3

3. When using all analog pins.

AVee

ANg

AN

AN,

1 AN,

TTTTT AVes

~

0.1 yF x5

B 4496204 0048753 TOO M

Figure 102 Example of Connections (1)
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HD404629 Series

Between the Ve and GND lines, connect capaci-
tors designed for use in ordinary power supply
circuits. An example connection is described in
figure 103.

No resistors can be inserted in series in the power
supply circuit, so the capacitors should be
connected in parallel. The capacitors are a large
capacitance C; and a small capacitance Cj.

1T

GND

GND

Figure 103 Example of Connections (2)
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HD404629 Series

Programmable ROM (HD4074629)

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

PROM Mode Pin Description

Pin No. MCU Mode PROM Mode Pin No. MCUMode  PROM Mode
FP-100B Pin Pin FP-100B Pin ~ Pin
TFP-100B FP-100A Name /0 Name VO TFP-100B FP-100A Name /O Name 1O
1 3 AVee Vee 29 31 RO4INT, 1O
2 4 ANy I 30 32 R1/TOB 11O Ag I
3 5 AN, ! 31 33 R1,/TOC 1O A4 !
4 6 AN, | 32 34 R1,TOD 11O A; |
5 7 ANj ! 33 35 R1gEVNB /0 Ag I
6 8 AVgg GND 34 36 R2/EVND 110 Aq I
7 9 TEST | TEST | 35 37 R2,/SCK 110 Ay I
8 10 0scC;, I Vg 36 38 R2,/S! O Aqq I
9 1 0SC, (o} 37 39 R24/SO 1O Aqp |
10 12 RESET t  RESET | 38 40 R3y/SEG1 1O A !
1 13 X1 I GND 39 4 R3,/SEG2 1O Ay, I
12 14 X2 0 40 42 R3,/SEG3 110 Op o
13 15 GND GND 41 43 R3y/SEG4 110 O, l[e}
14 16 Do 10 CE i 42 44 R4ySEG5 IO Oy 1o
15 17 D, o OE I 43 45 R4,/SEG6 /O Os Vo
16 18 D, 110 Vec 44 46 R4,/SEG7 11O O, 1O
17 19 D3 110 Vee 45 47 R4y/SEG8 /O Qg 110
18 20 D, /0 46 48 R5y/SEGS /O Og 110
19 21 Ds lle} 47 49 RS{/SEG10 /0 O, 110
20 22 D lle} 48 50 R5,/SEG11 1/O O, 10
21 23 D, IO 49 51 RSy/SEG12 /O O Te}
22 24 Dg 10 50 52 R6y/SEG13 1/0 O, Fe]
23 25 Do o) 51 53 R6,/SEG14 /O O 110
24 26 D,¢/STOPC 110 Ag ! 52 54 R6./SEG15S /10 Oy 10
25 27 D/INT, O Vpp 53 55 R64/SEG16 /O V¢
26 28 ROyINT, 1O M, I 54 56 R7y/SEG17 1O A, !
27 29 RO/INT, /O My ! 55 57 R7,/SEG18 /0 A, [
28 30 RO,/INT; 11O 56 58 R7,/SEG19 110 Ag I

Notes on next page.
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HD404629 Series

PROM Mode Pin Description (cont)

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
FP-1008 Pin Pin FP-100B Pin Pin
TFP-100B FP-100A Name /O Name /O TFP-100B FP-100A Name YO Name /O
57 59 R75/SEG20 /O A, | 79 81 SEG42 (¢}

58 60 SEG21 o} 80 82 SEG43 o
59 61 SEG22 (o] 81 83 SEG44 o
60 62 SEG23 (o} 82 84 SEG45 o]
61 63 SEG24 o 83 85 SEG46 (o]
62 64 SEG25 0 84 86 SEG47 (o]
63 65 SEG26 o 85 87 SEG48 (o]
64 66 SEG27 o 86 88 SEG49 o]
65 67 SEG28 o} 87 89 SEGS50 (o]
66 68 SEG29 o 88 90 SEG51 O
67 69 SEG30 o 89 N SEG52 (o]
68 70 SEG31 o 90 92 COM1 o]
69 7 SEG32 o N 93 COM2 (o]
70 72 SEG33 o 92 94 COM3 o]
71 73 SEG34 0] 93 95 COM4 (o}
72 74 SEG35 o} 94 96 Vv,

73 75 SEG36 (0] 95 97 Vo

74 76 SEG37 (o) 96 98 Vg

75 77 SEG38 o 97 99 Vee Veo
76 78 SEG39 (o} 98 100 TONEC 0
77 79 SEG40 (o) 99 1 TONER o]
78 80 SEGH o} 100 2 VT et

Notes: 1. |/O: Input/output pin, I: Input pin, O: Output pin
2. Each of Og—O4 has two pins; before using, each pair must be connected together.

B 449020y Qous?Se 7LT mm o oo Hitach
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HD404629 Series

Programming the Built-In PROM

The MCU'’s built-in PROM is programmed in
PROM mode. PROM mode is set by pulling
TEST, My, and M low, and RESET high as shown
in figure 104. 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 100-to-
28-pin socket adapter. Recommended PROM
programmers and socket adapters are listed in table 32.

Since an HMCS400-series instruction is ten bits

long, the HMCS400-series MCU has a built-in
conversion circuit to enable the use of a general-
purpose PROM programmer. This circuit splits
each instruction into five lower bits and five upper
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.

Table 32 Recommended PROM Programmers and Socket Adapters

.PROM Programmer Socket Adapter
Manufacturer Model name Package Model Name Manufacturer
DATA I/0 Corp. 1218, FP-100B HS462ESHO1H Hitachi

208 FP-100A HS462ESFOTH
TFP-100B HS4629ESNO1H
AVAL Corp. PKW-1000 FP-100B HS462ESHO1H
FP-100A HS462ESFO1H
TFP-100B HS4629ESNO1H
Vee Voo
Vee ? ?
? AV Vv
RESET = ° o
TEST
Mo
Vep My
Data
T 777 Opto O7 <:> Oo 100y
Vpp
V HD4074629 Aoto A Address
coc " Aoto Ay
o)
0OSCy —
o OE f«— OE
2
Ds CE~— CE
R63
X1 AVss GND
e

Figure 104 PROM Mode Connections
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HD404629 Series

Warnings 3. PROM programmers have two voltages (Vpp):
12.5 V and 21 V. Remember that ZTAT™
1. Always specify addresses $0000 to $7FFF devices require a Vpp of 12.5 V—the 21-V
when programming with a PROM programmer. setting will damage them. 12.5 V is the Intel
If address $8000 or higher is accessed, the 27256 setting.
PROM may not be programmed or verified cor-
rectly. Set all data in unused addresses to $FF. Programming and Verification

Note that the plastic-package version cannot be The built-in PROM of the MCU can be pro-
erased and reprogrammed. grammed at high speed without risk of voltage

stress or damage to data reliability.
2. Make sure that the PROM programmer, socket

adapter, and LSI are aligned correctly (their pin Programming and verification modes are selected
1 positions match), otherwise overcurrents may as listed in table 33.

damage the LSI. Before starting programming,

make sure that the LSI is firmly fixed in the  For details of PROM programming, refer to the
socket adapter and the socket adapter is firmly following Notes on PROM Programming section.
fixed onto the programmer.

Table 33 PROM Mode Selection

Pin
Mode CE OE Vpp 040,
Programming Low High Vpp Data input
Verification High Low Vep Data output
Programming inhibited High High Vpp High impedance

BN 4496204 DO48758 592 WM 265 Hitachi
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HD404629 Series

Addressing Modes
RAM Addressing Modes

The MCU has three RAM addressing modes, as
shown in figure 105 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. When the area
from $090 to $25F is used, a bank must be selected
by the bank register (V: $03F).

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 are located in
16 addresses from $040 to $04F, are accessed with
the LAMR and XMRA instructions.

RAM address

1st word of Instruction

X register Y register

W register
ra- N L N

W, W Xa Xo X Xo 3 Y2 ¥ Y

\

AP, AP; AP, APy AP, AP, AP, AP, AP, AP

Register Direct Addressing

2nd word of Instruction

N 7 r N,

Opcode

dg dg d; dg ds d4 d3 d; dy dy

RAM address [AP, AP, AP, AP, AP, AP, AP, AP, AP, AP,
Direct Addressing
Instruction
[ )
r Opcode mg my My Mg
o 0 o 1 0 O

RAM address AP9 APS AP7 AP6 AP5 AP4 AP3 AF’2 AP1 AP0
Memory Register Addressing

Figure 105 RAM Addressing Modes

Hitachi
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HD404629 Series

ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes, as
shown in figure 106 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;3~PCyp) 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 (PC;-PCq) 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 108. 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 macroassem-
bler has an automatic paging feature for ROM

pages.

Zero-Page Addressing Mode: A program can
branch to the zero-page subroutine area located at
$0000-3$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 counter (PCs—PCy), and Os are
placed in the eight high-order bits (PC,3—PCg).

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 107. 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 R1 and
R2 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 R1 and R2 port output
registers at the same time.

The P instruction has no effect on the program
counter.

B 4496204 0D4A7LO0 140 WM 267 Hieen

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



HD404629 Series

1st word of instruction 2nd word of instruction
WMPL] - N ~
Eggt]l.] Opcode I Pa P2 Py Po|de dg dy dg ds dy dy dp o dol
Program counter k*cwl’(:,.‘,F'c11 PC,,PC, PC, PC, PC, PC, PC, PC, PC, PC, PCOJ
Direct Addressing
Instruction
ya - . Y
[BR] [Opcode| b; bg bg by by by by b°|
Program counter PDCch,zPC11 PC,,PC, PC, PC, PC, PC; PC, PC, PC, PC, Pcol
Current Page Addressing
Instruction
r Y
AL | Opcode  [dg d, dy 4, d, d,|
IR IR IR IR IR
Program counter |Pc13Pc12Pc11 PC,, PC4 PC4 PC, PCy PCg PC, PC, PC, PC, Pcol
Zero Page Addressing
instruction
7 Y
meR] | Opoode [os » P P |
B register Accumulator
rd N N
| Ba Bz B1 Bo As A2 A1 AOJ
i
Program counter FC",PC&PC" PC10 F'C9 PC, PC, PC, PC, PC, PC, PC2 PC, Pcol
Table Data Addressing

B 449L204 0OO487LL 087 WA

Figure 106 ROM Addressing Modes
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HD404629 Series

(Pl

Instruction

Opcode

pa 92 p1 po I

Referenced ROM address

0

0

{

B register

Accumulator

N

r4 Y
1B, 8, B, 8

AS A2 A1 AO—I

/ /

RA,RA,,RA RA, RA, RA, RA, RA_ RA_ RA, RA, RA, RA, RA,

Address Designation

ROM data Iﬁo9 RO, RO, RO, RO, RO, RO, RO, RO, RODI

Accumulator, B register

Py v bbb

3 2

By B,

|A3 Ay Ay Aol

ROMdata  |RO, RO, RO, RO, RO, RO, RO, RO, RO, RO,

Output registers R1, R2

Fr v v 111

By B,

By

By

B; B, B, B,

Pattern Output

If ROg = 1

fROg =1

Figure 107 P Instruction

N

256 (n—1) + 255

BR

NOP

AAA | 256n

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

‘ M 4496204 00487be T13 HE
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HD404629 Series

Absolute Maximum Ratings

item Symbol Value Unit Notes

Supply voltage Vee ~0.3t0 +7.0 Vv

Programming voltage Vpp -0.3t0 +14.0 \Y 1

Pin voitage Vy —0.3to0 (Vgo +0.3) \

Total permissible input current 2l 100 mA 2

Total permissible output current =Yl 50 mA 3

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

Maximum output current =1 4 mA 7.8

Operating temperature Topr —-20 10 +75 °C

Storage temperature Tag -5510 +125 °C

Notes: Permanent damage may occur if these absolute maximum ratings are exceeded. Normal
operation must be under the conditions stated in the electrical characteristics tables. If these condi-
tions are exceeded, the LS| may malfunction or its reliability may be affected.

1.
2.

NGO A W

Applies to Dyy (Vpp) of the HD4074628.
The total permissible input current is the total of input currents simuttaneously flowing in from all
the I/O pins to ground.

. The total permissible output current is the total of output currents simultaneously flowing out from

Ve to all /O pins.

The maximum input current is the maximum current flowing from each 1/O pin to ground.
Applies to R0-R7.

Applies to Dg~Dg.

The maximum output current is the maximum current flowing out from V¢ to each 1/O pin.
Applies to Dp~Dg and RO-R7.

270 Hitachi

M 4496204 0048763 95T IR

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



HD404629 Series

Electrical Characteristics

DC Characteristics (HD404628, HD4046212, HD404629: V¢ = 2.7 t0 6.0 V, GND = 0 V, T, = -20°C
to +75°C; HD4074629: Vcc =2.7 t0 5.5 V, GND =0 V, T, = ~20°C to +75°C, unless otherwise

specified)
item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Input high Viy RESET, SC_K, 0.9Vce _ Veg+0.3 \' —_
voltage SI, INT,, INT,,
INT,, INT3,
INT,, STOPC,
EVNB, EVND
OSC1 Vcc -03 — VCC +0.3 v External clock
operation
Input low V||_ RESET, S_C_K, -0.3 -_— 0.1Vcc v bt
voltage . SI,INTp, INT,,
INT,, INT,,
INT,, STOPC,
EVNB, EVND
0SsC, -0.3 — 03 \ External clock
operation
Output high VoH SCK, SO, TOB, Vg -1.0 — — V  —loy=0.5mA
voltage TOC, TOD
Output low Voo  SCK, SO, TOB, — — 04 V  Ilg =0.4mA
voltage TOC, TOD
IO leakage | RESET,SCK, — — 1.0 MA Vi ;=0VioVee 1
current Si, INT,, INT,,
INT, INT3,
INT4, STOPC,
EVNB, EVND,
0OSC,, TOB,
TOC, TOD, SO
Current leey Veé —_ 5 9 mA Vge=50V, 2,4
dissipation in fosc =4 MHz
activemods > Veo - 06 18 MA Vge=30V, 2,4
fosc = 800 kHz
Current 'SBY1 Vcc — 12 3 mA VCC =50V, 3,4
dissipation in fosc = 4 MHz,
standby mode LCDon
lsgy2 Vee - 02 07 mA Vec=30V, 3,4
fosc = 800 kHZ,
LCD on

Notes on next page.
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HD404629 Series

DC Characteristics (HD404628, HD4046212, HD404629: Vo = 2.7 t0 6.0 V, GND = 0 V, T, = -20°C
B to +75°C; HD4074629: Vo = 2.7 t0 5.5 V, GND = 0 V, T, = -20°C to +75°C, unless otherwise
specified) (cont)

ltem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current Isus Vee —_ 35 70 HA HD404628, 5
dissipation in HD4046212,
subactive mode HD404629:

Vec =30V,

LCD on

— 70 150 pA HD4074629: 5

Vec=3.0V,

LCD on
Current wrei  Vee - 18 40 pnA Vec=30V, 5
dissipation in LCDon
watchmode | " Veo — 8 15 WA Vee =30V, 5

LCD oft
Current Istop Veo — 1 10 pA VCC =30V, 5
dissipation in no 32-kHz oscillator
stop mode
Stop mode Vstor Vce 2 —_ - A No 32-kHz 6
retaining voltage oscillator

Notes: 1. Output buffer current is excluded.
2. lIggq and Iggp are the source currents when no /O current is flowing while the MCU is in reset
state.
Test conditions: MCU: Reset
Pins: RESET at Vcc (VCC -0.3Vto Vcc)
TEST at Vcc (Vcc -0.3Vto Vcc)
3. lggyy and Iggys are the source currents when no /O current is flowing while the MCU timer is
operating.
Test conditions: MCU: VO reset
Serial interface stopped
DTMF stopped
Standby mode
Pins: RESET atGND(0V100.3V)
TEST at Vcc (Vcc -0.3Vto Vcc)

4. The current dissipation is in proportion to fogc while the MCU is operating or is in standby mode.
The value of the dissipation current when fogc = x MHz is given by the following equation:
Maximum value (foge = X MHz) = x/4 x maximum value (fosc = 4 MH2)

5. These are the source currents when no I/O current is flowing.

Test conditions: Pins: RESET at GND (0 V to 0.3 V)
TEST at Vee (Vo — 0.3 Vio V)
Dy (Vpp) at Vo (Voe — 0.3 V to V) for the HD4074629

6. RAM data retention.
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HD404629 Series

/O Characteristics for Standard Pins (HD404628, HD4046212, HD404629: V¢ = 2.7 to 6.0 V, GND
=0V, Ty =-20°C to +75°C; HD4074629: Vo =2.7t0 5.5V,GND =0 V, Ty =-20°C to +75°C,

unless otherwise specified)
item Symbol Pin(s) Min Typ Max Unit Test Condition Note
Input high V|H D1o. Dys, O.7Vcc _— Vcc +03 \ —_
voltage RO-R7
Input low V|L D1o, Dyy, -0.3 —-— 0.3Vcc v —_
voltage RO-R7
Output high VOH RO-R7 Vcc -10 — — \' _’OH =0.5mA
voltage
Output low VOL RO-R7 —_— — 04 v lop = 0.4 mA
voltage
VO leakage [| Dy RO-R7 — - 1 A V=0VtoVee 1
current
Dy — —_ 1 pA  HD404628, 1
HD4046212,
HD404629:
Vin=0Vio Vee
— - 1 HA  HD4074629: 1
Vin=Vec-0.3V
to Voo
— — 20 uA  HD4074629: 1
Vin=0V100.3V
Pull-up MOS ~lpy RO-R7 5 30 90 HA  Vge =30V,
current Vin=0V

Note: 1. Output buffer current is excluded.

/O Characteristics for High-Current Pins (HD404628, HD4046212, HD404629: V¢ = 2.710 6.0 V,
GND =0 V, T, = ~20°C to +75°C; HD4074629: Vo = 2.7 t0 5.5 V, GND = 0 V, T, = -20°C to +75°C,
unless otherwise specified)

item Symbol Pin(s) Min Typ Max Unit Test Condition Note
Input high le Dg~Dg 0‘7VCC — Vcc +03 V —_

voltage

Input low VL Do~Dg -0.3 — 0.3V vV -

voltage

Output high VOH Do—Dg Vcc -10 — —_— \") -'OH =0.5mA

voltage

Output low Vou Dog-Dg —_— — 04 \' lor =0.4 mA

voltage — — 20 V. loL=15mA, 1

Vcc =45Vtio6.0V

VO leakage Il  DgDg — —— HA  Vi,=0VioVge 2
current

Pull-up MOS —lPU Do—Dg 5 30 90 P.A Vcc =3 V,

current Vin=0V

Note: 1. The test condition of HD4074629 is Voe = 4.5V 10 5.5 V.
2. Output buffer current is excluded.
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LCD Circuit Characteristics (HD404628, HD4046212, HD404629: Vo =270 6.0 V, GND =0,
T,y = -20°C to +75°C; HD4074629: Ve =2.7 t0 5.5 V, GND =0 V, T, = ~20°C to +75°C, unless

otherwise specified)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Segment driver Vpg SEG1-SEG52 — — 0.6 v lpp=3 pA 1
voltage drop

Common driver Vpg COM1-COM4 — -— 0.3 \ lpp=3 A 1
voltage drop

LCD power Rw — 100 300 900 kQ Between V, and

supply division GND

resistance

LCD voltage Vieco Vi 27 —_ Vee \' —_ 2

Notes: 1. Vps and Vpc are the voltage drops from power supply pins V4, V3, V3, and GND to each seg-
ment pin and each common pin, respectively.
2. When V| ¢p is supplied from an extemal source, the following relations must be retained:
Vo2 Vi2Va2V32GND

DTMF Characteristics (HD404628, HD4046212, HD404629: Ve =2.7t0 6.0 V,GND =0 V,
T, = —20°C to +75°C; HD4074629: V¢ = 2.7 t0 5.5 V, GND = 0 V, T, = =20°C to +75°C, unless

otherwise specified)
item Symbol Pin Min Typ Max Unit Test Condition Notes
Tone output Vor TONER 500 660 — MVips VTet—GND =20V, 1
voltage (1) Ry =100 kQ
Tone output Voc TONEC 520 690 — MVips VTei=GND=20V, 1
voltage (2) R = 100 kQ
Tone output %pis — — 3 7 % Short circuit 2
distortion between TONER

and TONEC,

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

and TONEC,

R_ =100 kQ

Notes: 1. See figure 109.
2. See figure 110.
3. 400 kHz, 800 kHz, 2 MHz, or 4 MHz can be used as the operating frequency (iosc)-
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A/D Converter Characteristics (HD404628, HD4046212, HD404629; Vee=271t06.0 V,GND =0V,
T, =-20°C to +75°C; HD4074629: Vo = 2.7 t0 5.5 V, GND = 0 V, T, = -20°C to +75°C, unless
otherwise specified)

item Symbol Pin(s) Min Typ Max Unit  Test Condition Note
Analog power AVCC AVcc VCC -03 Vcc Vcc +03 V AVCC 227V
voltage
Analog input AVin ANO—ANa AVSS -— AVCC A" —_—
voitage
Current between I — — 50 150 A Vec =AVec=5.0V
AVcc and AVSS
Analog input CA, ANg-AN; — 15 — pF —_—
capacitance
Resolution — —_ 8 8 8 Bit —
Number of inputs — — 0 — 4 Chan- —
nel
Absolute accuracy — —_ — — +2.0 LSB T,=25°C,
Vec=45-55V
Conversiontime  — —_ 34 — 67 teye _
Input impedance  — ANg-AN3 1 —_ — MQ fosc =1 MHz,
Vin=00V
275 Hitachi
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HD404629 Series

AC Characteristics (HD404628, HD4046212, HD404629: Vo =2.7t0 6.0 V,GND =0 V, T, = -20°C to
+75°C; HD4074629: Ve = 2.7 to 5.5 V, GND = 0 V, T, = -20°C to +75°C, unless otherwise specified)

item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Ciock oscillation fosc 0SC,,08C, — 400 — kHz 1/4 division 1
frequency — 800 —  kHz  1/4division 1
— 2 — MHz  1/4 division 1
—_ 4 —_ MHz 1/4 division; 1
HD404628,
HD4046212,
HD404629:
Vcc =30t06.0V,;
HD4074629:
Vcc =35t055V
X1, X2 — 32.768 — kHz —
Instruction cycle teye — — 10 — us fosc = 400 kHz
time — 5 — s fosc = 800 kHz
—_ 2 — Hs fOSC =2 MHz
—_ 1 — us fosc =4 MHz;
HD404628,
HD4046212,
HD4046283:
Vee=3.0t06.0V;
HD4074629:
Vee=35t055V
tsbeye — — 24414 — us 32-kHz oscillator,
1/8 division
—_— 122.07 — us 32-kHz osciltator,
1/4 division
Oscillation tre 0SC,,08C, — — 7.5 ms Ceramic oscillator 2
stabilization time X1, X2 _ — 3 s T, =-10°C 10 3
+60°C
External clock tepH 0SC; 1100~ — ns fosc = 400 kHz 4
high width 550 — — ns fosc=800kHz 4
215 —-— —_— ns fosc =2 MH2z 4
105 — — ns fosc =4 MHz 4
External clock tepL 0SC, 1100 — — ns fosc = 400 kHz 4
low width 550 — — ns  fosc=800kHz 4
215 —_— — ns fOSC =2 MHz 4
105 -_ —_— ns fOSC =4 MHz 4
External clock tcpr 0SC, — — 150 ns fosc = 400 kHz 4
nse time - — 75 ns  fosc=800kHz 4
- -_— 35 ns fOSC =2 MHz 4
e —_ 20 ns fosc =4 MHz 4

Notes on next page.
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HDA404629 Series

AC Characteristics (HD404628, HD4046212, HD404629: V¢ = 2.7 t0 6.0 V, GND = 0 V, T, = -20°C
to +75°C; HD4074629: Vo = 2.7 t0 5.5 V, GND = 0 V, T, = -20°C to +75°C, unless otherwise

specified) (cont)
item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
External clock teps 0SC, — — 150 ns fosc = 400 kHz 4
fall time
— — 75 ns fosc = 800 kHz 4
— - 35 ns fosc =2 MHz 4
—_ -_ 20 ns fosc =4 MHz 4
INTo=INT,, EVNB, ty INTo—INT,, 2 — — tyd  — 5
EVND high widths EVNB, EVND tsubcyc
INTo—INT,4, EVNB, ). INTG—INT,, 2 — _ toydd  — 5
EVND low widths EVNB, EVND tsubeye
RESET high width tRSTH RESET 2 —_ — tcyc bt 6
STOPC low width tgrpp  STOPC 1 — —_ tre — 7
RESET fall time tRsTi RESET — — 20 ms - 6
STOPC rise time  tgyp, STOPC — — 20 ms — 7
Input capacitance  Cy, All pins — - 15 pF f=1MHz
except Dyq Vin=0V,
Dy, — — 15 pF HD404628,
HD4046212,
HD404629:
f=1MHz,
Vip=0V
—_ —_ 180 pF HD4074629:
f=1 MHz,
Vin=0V

Notes: 1. [fipgc = 400 kHz or 800 kHz, bit 1 of the system clock selector register (SSR: $029) must be
set to 0 (SSR1 = 0); if foge = 2 or 4 MHz, the same bit must be setto 1 (SSR1 = 1).

2. The oscillation stabilization time is the period required for the oscillator to stabilize after Voo
reaches 2.7 V at power-on, or after RESET input goes high or STOPC input goes low when
stop mode is cancelled. At power-on or when stop mode is cancelled, RESET or STOPC must
be input for at least trc to ensure the oscillation stabilization time. If using a ceramic oscillator,
contact its manufacturer to determine what stabilization time is required since it will depend on
the circuit constants and stray capacitances.

3. The oscillation stabilization time is the period required for the oscillator to stabilize after V¢
reaches 2.7 V at power-on, or after RESET input goes high or STOPC input goes low when
stop mode is cancelied. Contact the manutfacturer of the crystal oscillator used to determine
what stabilization time is required since it will depend on the circuit constants and stray
capacitances.

4. Refer to figure 111.

5. Refer to figure 112. The teye unit applies when the MCU is in standby or active mode. The
tsubcyc UNit applies when the MCU is in watch or subactive mode.

6. Refer to figure 113.

7. Refer to figure 114.
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HD404629 Series

Serial Interface Timing Characteristics (HD404628, HD4046212, HD404629: Vcc = 2.7 to 6.0 V,
GND =0V, T, = -20°C to +75°C; HD4074629: Vo = 2.7 10 5.5 V, GND = 0 V, T, =-20°C to +75°C,
unless otherwise specified)

During Transmit Clock Qutput

tem Symbol Pin Min Typ Max Unit TestCondition Note

Transmit clock cycle time  tgeyc SCK 10 ~— — toye  Load shownin 1
figure 116

Transmit clock high width tgckH SCK 05 — — tseye Load shownin 1
figure 116

Transmit clock low width  tgokL SCK 05 — — tgeye  Load shownin 1
figure 116

Transmit clock rise time  tgokr SCK — —_ 200 ns Load shown in 1
figure 116

Transmit clock fall time  tgcky SCK — — 200 ns Load shown in 1
figure 116

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

delay time figure 116

Serial input data tssi SI 300 — - ns — 1

setup time

Serial input data thsi Si 300 — — ns — 1

hold time

Note: 1. Refer to figure 115.

During Transmit Clock Input

ftem Symbol Pin Min Typ Max Unit TestCondition Note

Transmit clock cycle time  1gec SCK 1.0 — - tye — 1

Transmit clock high width tscgy SCK 05 —  —  tgoe — 1

Transmit clock low width  tgck 8CK 05 — —_ tSeye — 1

Transmit clock rise time  tgo, 8K — —_ 200 ns — 1

Transmit clock falltime  tges SCK — —_ 200 ns -— 1

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

delay time figure 116

Serial input data tssi Sl 300 — — ns —_ 1

setup time

Serial input data tusi St 300 — — ns — 1

hold time

Note: 1. Refer to figure 115.
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HD404629 Series

Ry =100kQ
AAA
YVy TONEC 0.9Vec
0.1V tiH e
R =100 kQ e cc
Wy TONER iNTy to INT,,
r EVNB, EVND
GND

Figure 109 Tone Output Load Circuit Figure 112 Interrupt Timing

TONEC
RL=100kQ 0.9Vee

tRSTH
RESET —>vee
TONER tRsTH

GND

Figure 110 Distortion and dBcy Load Circuit Figure 113 Reset Timing

STOPC —55y0—

tsTPL
0.1Vee

tsTpr

Figure 111 External Clock Timing Figure 114 STOPC Timing
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HD404629 Series

tseye

tsoki—=| o= = |a— tsckr
SCK Veg —2.0 V (0.9Vee)* X tscku i
0.4 V (0.1V¢o)*

| tscku

toso —
Vec —-05V
s0 oay X
tssi t st
0.9V
Si { 0.1Veo

Note: *Vcc — 2.0 V and 0.4 V are the threshold voltages for transmit clock output, and
0.9V¢c and 0.1V are the threshold voltages for transmit clock input.

Figure 115 Serial Interface Timing

Vee
RL=2.6 kQ
Test
point
30 pF 182074@)

or equivalent

Figure 116 Timing Load Circuit
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HD404629 Series

Notes on ROM Out

Please pay attention to the following items regard-
ing ROM out.

On ROM out, fill the ROM area indicated below
with 1s to create the same data size as a 16-kword
version (HD404629). A 16-kword data size is

required to change ROM data to mask manufac-
turing data since the program used is for a
16-kword version.

This limitation applies when using an EPROM or a
data base.

B 4496204 OOus??y 735 WA

Power ed by | Cniner.com El ectronic-Libr

ROM 8-kword version: ROM 12-kword version:
HD404628 HD4046212
Address $2000-$3FFF Address $3000-$3FFF
$0000 |)) $0000 [
Veactor address Vector address
$O00F $000F
$0010 || ~ $0010 | | »
Zero-page subroutine Zero-page subroutine
(64 words) (64 words)
$O03F | | $O03F | |)
$0040 $0040
Pattern & program Pattern & program
(8,192 words) (12,288 words)
$IFFF $2FFF
$2000 $3000
$3FFF $3FFF
Fill this area with 1s
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HD404629 Series

HD404629 Option List
Please check off the appropriate applications and
enter the necessary information. Date of order d /
Customer
Department
Name _
ROM code name
LSI number

1. ROM Size
[(JHD404628  8-kword
[OJ HD4046212  12-kword
[JHD404629  16-kword

2. Optional Functions
* ] with 32-kHz CPU operation, with time-base for clock
* ] 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. 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...).
[T] EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.
4. Oscillator for OSC1 and OSC2
[] Ceramic oscillator f= MHz
[] External clock f= MHz
5. Stop Mode
[J Used
(] Not used
5. Package
] FP-1008
] FP-100A
(] TFP-100B
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