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HD404328, HD4074329
4-Bit Single-Chip Microcomputer

Description

The HD404328 and HD4074329 are HMCS400-series
microcomputers designed to increase program productivity
and also incorporate large-capacity memory. Each micro-
computer has an LCD driver/controller, A/D converter,
zero-crossing detection circuit, and 32-kHz oscillator for
clock.

The HD4074329, which includes PROM, is a ZTAT micro-
computer that can dramatically shorten system development
periods and smooth the process from debugging to mass
production.

Features

* 8,192-word X 10-bit ROM (HD404328)
16,384-word X 10-bit PROM (HD4074329)
(ZTAT versions are 27256-compatible)
e 256-digit X 4-bit RAM (HD404328)
512-digit X 4-bit RAM (HD4074329)
* 351/0 pins
— 2 input pins
— 33 input/output pins, including 8 large-current pins
(15 mA, max) and 16 pins multiplexed with LCD seg-
ment pins
Three timer/counters
Clock-synchronous 8-bit serial interface
A/D converter (8-bit X 4-channel)
12-digit LCD driver
— Static, 'a, '/, '/3 Duty Cycle
Zero-crossing detection circuit (optional)
Eight interrupt sources
— Two external sources, including one double-edge
function
— Six internal sources
¢ Subroutine stack
— Up to 16 levels, including interrupts
¢ Four low-power dissipation modes
— Subactive mode (optional)
— Standby mode
— Watch mode
® Built-in oscillator
— Crystal or ceramic filter (external clock also
enabled)

HD404328S, HD4074329S

DP-64S

HD4074329C

DC-64S

¢ Instruction cycle time: 2 us (fogc =4 MHz)
* Two operating modes

— MCU mode
— PROM mode (HD4074329 only)

Support Tools

® Macro assembler for H68/H680SD series
¢ Emulator for AS microcomputers (with realtime trace

function) |

— An emulator unit, target probe, and user cable are not
included. Any emulator unit designed for the
HMCS400 series can be used.
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Ordering Information

Type Product Name ROM (Words) Package Comment
Mask ROM HD404328S 8,192 DP-64S
HD404328FS FP—64B
ZTAT HD4074329S 16,384 DP—64S
HD4074329FS FP—-64B
HD4074329C DC-64S Window
Pin Arrangement
vo[]2 63 JcoM4 9.8 383888
v,[]3 62 []coms 2235 $333388
Avee] 4 61 ] come N000000000000
ANo[]5 60 [_]com1 /64 63 62 61 60 50 58 57 56 55 54 53 52
AN,[J& 59 [ ]SEG24 AN,[1 51 JSEG22
AN (17 58 | 1SEG23 ANg[}2 50| JSEG21
AN,[]8 57 [_]SEG22 AV, []3 49| JSEG20
AV, []e 56 || SEG21 TEST[ |4 48| |SEG19
TeST[| 10 55| _1SEG20 osci[]s 47 _]SEG18
osc [ 11 54 |SEG19 osc.[|6 46{ |SEG17
osca[]12 53| _]SEG18 RESET[ |7 45| JR5,/SEG16
RESET[ |13 52 [ 1SEG17 x1[_|s 44[ ]R5,/SEG15
X1} 14 51 [_]R54/SEG16 x2[]9 43 _1RS,/SEG14
x2[11s5 50 | _]R5,/SEG15 GND[_]10 42[ JR5y/SEG13
GND[] 16 49 [ 1Rs,/SEG14 Do 11 41]_JR4,/SEG12
Do[117 48[ _1R5/SEG13 D,[]12 40| _JR4,/SEG11
D,[]1s 47 [ _JR44/SEG12 D,[]13 39[1R4,/SEG10
D, 19 46 [ JR4,/SEG11 Ds[]14 38[_JR4/SEGY
D3] 20 45[1R4,/sEG10 D,]1s 37| _IR3,/SEG8S
D,[] 21 44 | 1 R4y/SEGO Ds[}16 36 _JR3,/SEG7
Ds[]22 43| 1R3,/SEG8 De[ |17 35]_JR3,/SEG6
Dg[]23 42 [ ]R3,/SEG7 D,[]18 34 1R3ySEGS
0,24 41 [1R3,/sEG6 119 33[JR2,/SEG4
102 40 [C1R3,/SEGS 2021 2223 24 25 26 27 28 29 30 31 32
De/lNToE 2 39 [ JR2,/SEG4 LJU_IQQU“UQQLJ%JUUUU
D1oANTy (] 27 38 [ _1R2,/SEG3 |§§gggg|o 2@N533
ROo[] 28 37 [JR2,/SEG2 S5 Q= @ “%3 %
Ro, [ 20 36 [_]R2,/SEG1 og r T2Sad
Ro,(]30 35 [_]R1a/BUZ oo
RO, (] 31 34 [_]R12/S0 o e
R1omc a2 a3 : R14/S 1: Dy /ZCD/EVENT
DP-64S FP—648B
DC-64S (top view)
(top view)

Note: For packaging details, see page 87.
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Pin Description

Pin Number
DP-64S FP-64B
ltem Symbol DC-64S 10  Function
Power supply Vee 64 58 Applies power voltage
GND 16 10 Connected to ground
Test TEST 10 4 | Used for factory testing only: connect this
pin to Ve
Resst RESET 13 7 | Resets the MCU
Oscillator OSC; 11 5 1 Input/output pins for the internal oscillator
0SC 12 6 O circuit: connect them to a crystal, ceramic
2 filter, or external oscillator circuit
X1 14 8 | Used for a 32.768-kHz crystal for clock
X2 15 9 O  Ppurposes: if not used, fix X1 to Vg¢ and
leave X2 open
Port Do-Dg 17-25 1119 /0 Input/output ports addressed by individual
bits; pins Dg-D5 are large-current pins that
can each supply up to 15 mA
Dg, Do 26,27 20,21 | Input ports addressable by individual bits
R0,—R53 28-51  22-45 I1/0  Input/output ports addressable in 4-bit units
Interrupt INT,, INT, 26,27 20, 21 | Input pins for external interrupts
Serial SCK 32 26 /0 SCI clock input/output pin
Sl 33 27 | SCl receive data input pin
SO 34 28 O  SCl transmit data output pin
Buzzer BUZZ 35 29 O  Buzzer signal output pin
LCD Vy, Vo, Vg 1-3 59-61 Power pins for LCD driver; can be left open
in operation because they are connected by
internal voltage division resistors
Voltage conditions are:
VCCZV1 ZV22V3ZGND
COM1-COM4 60-63 54-57 O  Common signal pins for LCD
SEG1-SEG24 36-59 30-53 O  Segmeént signal pins for LCD
A/D converter AV 4 62 Power pin for A/D converter: connect it to

the same potential as Vg, as close physi-
cally as possible to the power source

AVgg 9 3 Ground for AVec: connect it to the same
potential as GND, as close physically as
possible to the power source

ANg—AN, 5-8 63,64,1,2 | Analog input pins for 4-channel A/D
converter
Zero-crossing  ZCD 25 19 I Zero-crossing detection input pin
detection
Counter EVENT 25 19 I Event count input pin
A HITACHI 3
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Block Diagram
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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 service rou-
tines. After MCU reset or an interrupt routine is
serviced, program execution continues from the
vector address.

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

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

Program Area (HD404328: $0000-$1FFF,
HD4074329: $0000-$3FFF): Used for program
coding.

RAM Memory Map

The MCU contains a 256-digit x 4-bit (HD404328)
or 512-digit x 4-bit (HD4074329) RAM area con-
sisting of a data area and a stack area. In addition,
interrupt control bits and special registers are
mapped onto the same RAM memory space out-
side this area. The RAM memory map is shown in

instruction. figure 2 and described below.
0 $0000 0 JMPL instruction $0000
Vector address 1| (jump to RESET routine) | $0001
15 $000F - -
16 $0010 2 | JMPL instruction _ $0002
| Zero-page subroutine 3 (jump to INTo  routine) $0003
(64 words) 4 JMPL instruction $0004
63 $003F 5 iumo 1o INT i 7
64 $0040 (jump to ! 1 rqutme) $0005
6 | JMPL instruction $0006
- . . .
) Pattern (jump to TIMER A.routme) $0007
(4096 words) 8 JMPL instruction _| o008
4095 $OFFF 9] (jump to TIMER-B routine) $0009
4096 $1000 10 JMPL instruction | $000A
11 (jump to TIMER-C routine) $000B
’ HD404328 program 12 JMPL instruction _| $000C
(8192 words) 13 (jump to ZCD routine) $000D
14 JMPL instruction _| $000E
8191 $1FFF 15\_(jump to A/D, SERIAL routine) | $000F
8192 $2000
! HD4074329 program
(16384 words)
16383 $3FFF
GO HITACHI 5
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Interrupt Control Bit Area and Register Flag
Area ($000-$003, $020-$023): Used for interrupt
control bits and the bit register (figure 3). This
area can be accessed only by RAM bit manipula-
tion instructions. In addition, note that the inter-
rupt request flag cannot be set by software, the
RSP bit is used only to reset the stack pointer, and
the WDON flag can be set only by the SEM and
SEMD instructions.

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

LCD Data Area ($050-$067): Used for storing
LCD data which is automatically output to LCD

segments as display data. Data 1 lights the corre-
sponding LCD segment; data O extinguishes it.

Data Area (HD404328: $040-$04F and
$070-$11F, HD4074329: $070-$21F): The
memory register (MR), which is 16 digits
($040-304F) long, can be accessed by the LAMR
and XMRA instructions. Its structure is shown in
figure 4.

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

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

6 @ HITACHI
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000
RAM-mapped registers $ ? :gg?
63 (64 digits) $03F 5 Interrupt control bit area $002
64 . $040 3 $003
Me’"°r(y1 ;egi'szt‘;r)s (MR) 4 [Porimode register A (PMRA) + W_| $004
79 9 $04F 5 | Serial mode register (SMR) * W_| $005
80 . $050 6 | Serial data register, lower (SRL) | RW | $006
LCD(2d fg:;i)tl:;rea \ 7 | Serial data register, upper (SRU) . RW | $007
103 $067 8 | Timer mode register A (TMA) W | $008
104 $068 9 | Timer mode register B (TMB) * W | $009
Not used \ 10 [ vTimer B (TCBL/TLRL) ' RW | $00A
111 $06F 11 (TCBU/TLRU) :RW | $00B
112 Data $070 12 | Miscellaneous register (MIS) . W | $00C
(176 digits) \ 13 | Timer mode register C (TMC) . W_| $00D
287 9 $11F 141 rimerc (TCCL/TCRL) : RW | $00E
15 (TCCU/TCRU) ' RMW | $00F
16 | Interrupt mode register (IMR): W | $o010
17 | Port mode register B (PMRB) 1 W ] $011
18 | Port mode register C (PMRC) + W _| $012
19 | LCD control register (LCR) + W | %013
Not used 20 | LCD mode register (LMR) :+ W | $014
21 | LCD output register (LOR): W | $015
959 $3BF 22 | A/D mode register (AMR) . W | $016
960 $3C0 23 | A/D data register, lower (ADRL) . R | $017
Stack 24 | A/D data register, upper (ADRU) * R | $018
(64 digits)
1023 $3FF Not used
32 . $020
Register flag area
Shaded area can only be 35 9 9 $023
used by the HD4074329 Not used
48 | Port RO DCR (DCRO) : W | $030
49 [ Port R1 DCR (DCR1) © W | $03t
50 | Port R2 DCR (DCR2) ; W | $032
51 | Pont R3 DCR (DCR3) . W | $033
52 | Port R4 DCR (DCR4) + W | $034
R: Read only 53 | Port RS DCR (DCRS) : W | $035
W: Write only \ Not used
R/W: Read/mwrite v
59 | Port Dg—D3 DCR (DCRB) * W | $03B
* Two registers mapped on the same area 60 | Port D+—D7 DCR (DCRC) ; W_ | $03C
61 | Port Dg DCR (DCRD) : W | $03D
62 $03E
63 Not used $03F
Timer/event counter B, lower ¢ Timer load register B, lower !
(TCBL) . R (TLRL) ; W | $00A
Timer/event counter B, upper | Timer load register B, upper |
(TCBU) , R (TLRU) ; W [ $008B
Timer/counter C, lower , Timer load register C, lower
' v R ! 3
(TcoL) : (TCAL) ;W | S00E
Timer/counter C, upper 'R Timer load register C, upper |
(TCCU) : (TCRU) ; W | $0oF

Figure 2 RAM Memory Map

GO HITACHI

This Material Copyrighted By Its Respective Manufacturer




HD404328, HD4074329

Bit 3 Bit 2 Bit 1 Bit 0
IMO iIFO RSP IVE
0 (IM of INT) (IF of iINT) (Reset SP bit) | (Interrupt enable flag) | $000
IMTA IFTA iM1 IF1
11 (IMof timer A) (IF of timer A) (IM of INT) (IF of INT) $001
IMTC IFTC IMTB IFTB
2 (IM of timer C) {IF of timer C) {IM of timer B) (IF of timer B) $002
IMAD IFAD IMZC IFZC
3 (IM of A/D) (IF of A/D) (IM of ZCD) (IF of ZCD) $003
DTON ADSF WDON LSON
32 (Direct transfer on flag) (A/D start fiag) (Watchdog on flag) | (Low speed on flag) $020
33 $021
Reserved
34 $022
IMS IFS
35 (IM of serial interface) | (IF of serial interface) $023
IF: Interrupt request flag
IM: Interrupt mask
VE: Interrupt enable flag
SP: Stack pointer
Note: Bits in the interrupt control bit area and register flag area are set by the SEM or SEMD instruction,
reset by the REM or REMD instruction, and tested by the TM or TMD instruction. Other
instructions have no effect.
However, note that the IF cannot be set by the SEM or SEMD instruction. If the RSP bit or a
non-existent bit is tested by the TM or TMD instruction, its status is undefined.
The WDON fiag can only be used by the SEM or SEMD instruction (it is reset only by MCU reset).

Figure 3 Configuration of Interrupt Control Bit and Register Flag Area

Memory registers Stack area
64 { MR (0) | $040 960 [Level 16} $3CO
65 | MR (1) | $041 Level 15
66 | MR (2) | $042 Level 14
67 | MR (3) | $043 Level 13
68 | MR (4) | $044 Level 12
69 | MR (5) | $045 Level 11
70 | MR (6) | $046 Level 10
71 | MR (7) | $047 Level 9 Bit3 Bit2 Bit1 Bit0
72 8) | $048 Level 1
s mg %5; 5049 wove 8 1020"| ST | PCya | PCy | PGy, | $3FC
74 { MR (10)]| $04A Level 6 s~ | 5% == | 5=
75 [MR (11)] $04B Level 5 1021 | PCwo | PG | PG | PG, | $3FD
76 { MR (12)] $04C Level 4 — | == | ==
77 [MR(13)] $04D Level 3 1022 | CA | PG | PG | PGy | $3FE
78 | MR (14)] $04E Level 2 ~ | sx | == | =
79 [MR(15)] $04F 1023 [Level 1 | $3FF 1023 | PGy | PC2 | PCi | PCo | $3FF
PCy3-PCy: Program counter
ST: Status
CA: Carry

Figure 4 Configuration of Memory Register and Stack Area, and Stack Position

8 G HITACHI
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Functional Description

Registers and Flags

The MCU has nine registers and two flags for CPU
operations. They are shown in figure 5 and
described below.

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

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

for indirect RAM addressing. The Y register is
also used for D-port addressing. '

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

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

This Materi al

3 0
A Accumulator
3 0
B B register
1 0
w W register
3 0
X X register
3 0
Y Y register
3 0
SPX SPX register
3 0
SPY SPY register
CA} Camry
ST | Status
13 0
PC Program counter
9 5 0
1 1 1 1 SP Stack pointer

Figure 5 Registers and Flags

@ HITACHI 9

Copyrighted By Its Respective Manufacturer




This Materi al

HD404328, HD4074329

Status (ST): One-bit flag that latches any over-
flow 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 a BR, BRL, CAL,
or CALL instruction is read, regardless of whether
the instruction is executed or skipped. The con-
tents of ST are pushed onto the stack during inter-
rupt servicing and popped from the stack by the
RTNI instruction—but not by the RTN instruction.

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

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

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

Reset

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

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

The MCU has eight interrupt sources: (wo exter-
nal signals (INTy and INT)), three timer/counters
(timer A, timer B, and timer C), serial interface
(SERIAL), zero-crossing detection, and A/D
converter.

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

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

Interrupt Control Bits and Interrupt Servicing:
Locations $000 to $003 and $020 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 (I/E) and the IF to 0 and the interrupt
mask (IM) to 1.

A block diagram of the interrupt control circuit is
shown in figure 6, interrupt priorities and vector
addresses are listed in table 2, and interrupt pro-
cessing conditions for the eight interrupt sources
are listed in table 3.

An interrupt request occurs when the IF is set to 1
and the IM is set to 0. If the I/E is 1 at that point,
the interrupt is serviced. A priority programmable
logic array (PLA) generates the vector address
assigned to that interrupt source.

The interrupt processing sequence is shown in fig-
ure 7 and an interrupt processing flowchart is
shown in figure 8. After an interrupt is acknowl-
edged, the previous instruction is completed in the
first cycle. The I/E 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 a JMPL instruction at each vector
address, to branch the program to the start address
of the interrupt service program, and reset the IF
by a software instruction within the interrupt ser-
vice program.

10 @ HITACHI
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Table 1 Initial Values After MCU Reset

Initial
ltem Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from start
address of ROM area
Status (ST) 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (I/E) 0 Inhibits all interrupts
flags/mask  nterrupt request flag  (IF) 0 Indicates there is no interrupt request
Interrupt mask (IM) 1 Prevents (masks) interrupt requests
VO Port data register (PDR)  Allbits 1 Enables output at level 1
Data control register (DCR) Allbits 0 Turns output buffer off (to high impedance)
Port mode register A (PMRA) 0000 Refer to description of port mode register A
Port mode register B (PMRB) 0000 Refer to description of port mode register B
Port mode register C (PMRC) 0000 Refer to description of port mode register C
Interrupt mode register (IMR) 0000 Refer to description of interrupt mode register
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer mode register A
ggt’ig}ers- Timer mode register B (TMB) 0000 Refer to description of timer mode register B
interface Timer mode register C  (TMC) 0000 Refer to description of timer mode register C
Serial mode register (SMR) 0000 Refer to description of serial mode register
Prescaler S $000 —
Prescaler W $00 —
Timer/counter A (TCA) $00 —
Timer/counter B (TCB) %00 —
Timer/counter C (TCC) %00 —
Timer load register B (TLR) $00 —
Timer load register C ~ (TCR)  $00 —
Octal counter 000 —
A/D A/D mode register (AMR) 0000 Refer to description of A/D mode register
LCD L.CD control register (LCR) 000 Refer to description of LCD control register
LCD mode register (LMR) 0000 Refer to description of LCD duty cycle/clock
control register
LCD output register (LOR) 0000 Refer to description of LCD output register
Bit register Low speed on flag (LSON) O Refer to description of low-power dissipation modes
Watchdog timer on 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) 0 Refer to description of low-power dissip ation modes
Miscellaneous register (MIS) 0000 Refer to description of miscellaneous register

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

Status After Cancellation of Status After all Other Types of
ltem Abbr. Stop Mode by MCU Reset Reset
Carry (CA) Pre-MCU-reset values are not Pre-MCU-reset values are not
Accumulator (A) guaranteed: values must be ini- guaranteed: values must be ini-
B register B) tialized by program tialized by program
W register (W)

X/SPX register {(X/SPX)

Y/SPY register (Y/SPY)

Serial data register (SR)

A/D data register (ADRL, ADRU)

RAM

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

@ HITACH! 1
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$000, 0 Sequence control
VE | + Push PC/CA/ST
] * Reset I/E

» Jump to vector address

$000, 2
IFO

-

Priority control PLA

;

y

)

hoid
o
o
o

§ Vector
address

F7

5001, O
IF1
001, 1

;

?

Y

)

5001, 2
IFTA
5001, 3
IMTA
5002, 0
IFTB
002, 1
MTB

10 O t

T €0

;

b2
o
(o]
N
N

FTC

5002, 3
IMTC :

;

'S

5003, 0
IFZC

9

0Zs
Q
Q
(&)
Py
o

MZC

5003, 2
IFAD
$003, 3
IMAD

A

:

$023, 2
o IFS
q

~—"1{s]

Py

;

Figure 6 Block Diagram of Interrupt Control Circuit

Table 2 Vector Addresses and Interrupt Priorities

Reset, Interrupt Priority Vector Address
RESET $0000
INT, 1 $0002
INT, 2 $0004
Timer A 3 $0006
Timer B 4 $0008
Timer C 5 $000A
ZCDh 6 $000C
A/D, Serial 7 $000E
12 @ HITACHI
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Instruction cycles

Execution of JMPL
instruction at vector address

1 2 3 4 5 6

] | ] ] |
| | ] | 1

Instruction

execution

Interrupt Stacking, ?éi?::na% dress

acceptance I/E reset .

generation

Execution of
instruction at
start address

The stack is accessed and the I/E reset after the instruction of iqtenupt
is executed, even if it is a two-cycle instruction. routine
Figure 7 Interrupt Processing Sequence
Table 3 Interrupt Processing and Activation Conditions
Interrupt Interrupt Cause
Control Bit INT, INT, TimerA TimerB TimerC ZCD A/D, Serial
VE 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 0 0
IFTC-IMTC * * * . 1 0 0
IFZC -IMZC * * * . . 1 0
IFAD -IMAD . . . " . : 1
+ IFS-IMS

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

@ HITACH!
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{ Power on )
No
Reset = 1?
Yes Interrupt Yes
request?
Reset MCU
Execute instruction Accept interrupt
| I
VE « 0
PC « (PC) + 1 Stack « (PC)
Stack « (CA)
| Stack « (ST)
- PC « $0002
- PC « $0004
- Timer A
< PC « $0006 interrupt?
Timer B
= PC « $0008 interrupt?
Timer C
— PC « $000A interrupt?
- ZCcD
< PC « $000C interrupt?
- PC « $000E [
(A/D, serial interrupt)
Figure 8 Interrupt Processing Flowchart
14 @ HITACHI
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Interrupt Enable Flag (IE: $000, 0): Controls
the entire interrupt process. It is reset by the inter-
rupt processing and set by the RTNI instruction, as
shown in table 4.

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

External Interrupt Request Flags (IF0: $000, 2;
IF1: $001, 0): Set at the rising or falling edges of
the INTy and INT; inputs, as shown in table 5.

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

External Interrupt Masks (IM0: $000, 3; IM1:
$001, 1): Prevent (mask) interrupt requests caused
by the corresponding external interrupt request
flags, as shown in table 6.

Table 4 Interrupt Enable Flag

Table 6 External Interrupt Masks

Interrupt Enable Flag Interrupt External Interrupt

(/E) Enabled/Disabled Mask (IMO, IM1) Interrupt Request
0 Disabled 0 Enabled

1 Enabled 1 Disabled (masked)

Table 5 External Interrupt Request Flags

External Interrupt
Request Flag (IF0, IF1) interrupt Request

0 No

1 Yes

This Materia

Interrupt mode register (IMR): $010

3 2 1 0

INT; detection edge selection

ZCD detection edge selection

IMR IMR
ZCD Detection Edge - INT, Detection Edge
Bit 3 Bit 2 Bit 1 Bit0
0 0 No detection 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
] 0 Rising-edge detection ) 0 Rising-edge detection
1 Double-edge detection 1 Double-edge detection

Figure 9 Interrupt Mode Register

G HITACH! 15
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Timer A Interrupt Request Flag (IFTA: $001,
2): Set by overflow output from timer A, as shown
in table 7.

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

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

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

Timer C Interrupt Request Flag (IFTC: $002,

2): Set by overflow output from timer C, as shown
in table 11.

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

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

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

Table 7 Timer A Interrupt Request Flag

Timer A Interrupt
Request Flag (IFTA) Interrupt Request

Table 11 Timer C Interrupt Request Flag

Timer C Interrupt
Request Flag (IFTC) Interrupt Request

0 No

0 No

1 Yes

1 Yes

Table 8 Timer A Interrupt Mask

Timer A Interrupt

Table 12 Timer C Interrupt Mask

Timer C Interrupt

Mask (IMTA) Interrupt Request Mask (IMTC) Interrupt Request
0] Enabled 0 Enabled
1 Disabled (masked) 1 Disabled (masked)

Table 9 Timer B Interrupt Request Flag

Timer B Interrug}r
Request Flag (IFTB) Interrupt Request

Table 13 Zero-Crossing Interrupt Request Flag

Zero-Crossing Interrupt
Request Flag (IFZC) Interrupt Request

0 No

0 No

1 Yes

1 Yes

Table 10 Timer B Interrupt Mask

Timer B Interrupt

Table 14 Zero-Crossing Interrupt Mask

Zero-Crossing Interrupt

Mask (IMTB) Interrupt Request Mask (IMZC) Interrupt Request
0 Enabled 0 Enabled

1 Disabled (masked) 1 Disabled (masked)
16 @ HITACHI

Copyrighted By Its Respective Manufacturer



HD404328, HD4074329

A/D Interrupt Request Flag (IFAD: $003, 2):
Set at the completion of A/D conversion, as shown
in table 15.

Serial Interrupt Request Flag (IFS: $023, 2):
Set when the octal counter counts the eighth trans-
fer clock signal or when data transfer is discontin-

ued by resetting the octal counter (table 17).
A/D Interrupt Mask (IMAD: $003, 3): Prevents

(masks) an interrupt request caused by the A/D
interrupt request flag, as shown in table 16.

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

Table 15 A/D Interrupt Request Flag

Table 17 Serial Interrupt Request Flag

A/D Interrupt Serial Interrupt

Request Flag (IFAD) Interrupt Request Request Flag (IFS) Interrupt Request
o} No 0 No

1 Yes 1 Yes

Table 16 A/D Interrupt Mask

Table 18 Serial Interrupt Mask

A/D lnterrugt Serial Interrupt

Mask (IMAD) Interrupt Request Mask (IMS) Interrupt Request

o] Enabled 0 Enabled

1 Disabled (masked) 1 Disabled (masked)
@ HITACHI 17
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Operating Modes

The MCU has five operating modes that are speci-
fied by how the clock is used. The functions avail-
able in each mode are listed in table 19, and opera-
tions are shown in table 20. Transitions between
operating modes are shown in figure 10.

Active Mode:

and OSC,.

The MCU operates according to
the clock generated by the system oscillators OSCy

Table 19 Functions Available in Each Operating Mode
Mode Name
Active Standby Stop Watch Subactive?t
Activation method RESET SBY STOP TMA3 = 1 INT, or timer A
cancellation, instruction instruction STOP interrupt request
interrupt instruction from watch
request mode
Status  System oscillator Operating Operating Stopped Stopped Stopped
Subsystem Operating Operating Operating? Operating Operating
oscillator
Instruction Operating Stopped Stopped Stopped Operating
execution (O¢cpy)
Interrupt function Operating Operating Stopped Stopped Operatings
interrupt (OpgR)
Clock function Operating Operating Stopped Operating? Operating?
interrupt (®¢y k)
RAM Operating Retained Retained Retained Operating
Registers/flags Operating Retained Reset6 Retained Retained/
operating
170 Operating Retained Reset3 Retained Operating
Cancellation method RESET input, RESET input, RESET input RESET input, RESET input,
STOP/SBY  interrupt INTy or timer A STOP/SBY
instruction request interrupt instruction
request

Notes:

Refer to the Interrupt Frame section for details.

Output pins are at high impedance.

The A/D converter does not operate.

To reduce current dissipation, stop all oscillation in external circuits.

p
2
3
4. Subactive mode is an optional function: specify it on the function option list.
5
6

Port mode register B retains the contents it had in active mode.

System Clock (®cpy)

Operating Stopped
Non-Timebase Peripheral Operating Active mode Standby mode
Function Clock (®pgg) Subactive mode
Stopped — Watch mode (TMA3 = 1)
Watch mode (TMA3 = 0)
18 @ HITACHI
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Standby Mode: The MCU enters standby mode
when a SBY instruction is executed from active
mode. In this mode, the oscillators, interrupts,
timer/counters, and serial interface continue to
operate, but all instruction execution-related clocks
stop. The stopping of these clocks stops the CPU,
retaining all RAM and register contents and main-
taining the current I/O pin status.

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

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

Stop mode is terminated by a RESET input as
shown in figure 12. RESET must be high for at
least one tgc to stabilize oscillation (refer to the
AC Characteristics section). When the MCU
restarts after stop mode is canceled, all RAM con-
tents 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: The MCU enters watch mode if a
STOP instruction is executed in active mode when
TMA3 =1, or if a STOP or SBY instruction is exe-
cuted 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 is 0,
or subactive mode if LSON is 1. Any interrupt
request generated during the transition to active
mode is delayed for half the interrupt frame period
(trc). to give the oscillation time to stabilize, as
shown in figure 13.

Table 20 Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode3
CPU Reset Retained Retained -
RAM Retained Retained Retained

Timer A Reset

Timer B Reset

Timer C Reset

Serial interface Reset

LCD Reset

170 Reset’ Retained Retained

A/D Resst Stopped

Zero-crossing Stopped> Stopped®

detection

Notes: Output pins are at high impedance.

Shading means operating.

1.
2.
3. Subactive mode is an optional function specified on the function option list.
4

Transmission/reception is activated if a clock is input in external clock mode. (However,

interrupts stop.)

5. The bias circuits still operate when the D8/ZCD/EVENT pin is set to ZCD.

@ HITACHI 19
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Operation during mode transition is the same as
that at standby mode cancellation (figure 11).

Subactive Mode: The CPU operates with a clock
generated by the X1 and X2 oscillation circuits.
Functions that can operate in subactive mode are
listed in table 21. When the STOP or SBY instruc-
tion is executed in subactive mode, the MCU
enters either watch or active mode, depending on
the statuses of LSON and DTON. The DTON flag

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

Interrupt Frame: In waich and subactive modes,
timer A and INT, interrupts are generated in syn-
frame lengths (T) can be selected by scttings of the
miscellaneous register, as shown in figure 14. The
time from an intermupt strobe to intcorupt roguest

can only be set in subactive mode; it is automati-  (lpc), as shown in figure 13.
cally reset after a transition to active mode.
Reset
Standby mode Active mode Stop mode
ittt v i S : (TMA3 = 0)
fosc: Operat!ng ‘SBY (standby): | fosc: Operat!ng fosc: Stopped
: fx: Operating [+ : fx: Operating |.  STOP fx: Operating
: | ®cru: Stopped |- | Porut =t : > @cry: Stopped
(] Pax =foe —interoor ] fax foye : dax: Stopped
Oper: = fore ; Interrupt * | peq: = fore : ®perc Stopped
: . . A3 =0) !
: . : ™ ) : Watch mode
: : : (TMA3=1) 7 (TMA3 = 1, LSON = 0):
: | fosc: Operating |:SBY (standby): | fosc: Operating |1 STOP ' | fosc: Stopped | :
1 . " lde————————— 7"+ | . - > . "
. fx: Operating [™ 0 fx: Operating |- INTo. ' fx: Operating { :
: | Poru: Stopped | V] Poru =Toe ' time-base™: | ®ceu: Stopped | :
| ox =fse L ) Gax =Tas [ 1 dax: = fas :
' | Orer: =foc : ntorrupt 1| Pren’ = foe e = >{ ®ren: Stopped | :
__________________ 1. :.________-________1 ,3): .
Subactive mode srop{(ﬂlAS:LLSON:l):
fosc: Main oscillation frequency fosc: Stopped | : ] fosc: Stopped
- " fx: Operating TN ; fx: Operating | -
fx: Suboscillation frequency, - - fsm INTo, . . st .
for ime-base b U time-base ™) : Do u- Sloppac :
for: fosc/8 bk =fsm | 4 Pax: = fss .
fsom: Tx/8 Pren” = fsus STOP/SBY ;. | ®rer: Stopped | .
®cpu: System clock (LSON=1) . T . :
dax: Clock for time-base
®pen: Clock for other peripheral
functions Notes: 1. Interrupt source
LSON: Low speed on flag 2. STOP/SBY (DTON =1, LSON = 0)
DTON: Direct transfer on flag 3. STOP/SBY (DTON =0, LSON = 0)

Figure 10 MCU Status Transitions
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( SBY ) C WATCH j
Y Y

Oscillator: Active Oscilla!o;: Slop:;d
- . . Sub illator: ive
Peripheral clocks: Active >-0sci
All other clocks: Stopped Peripheral clocks: Stopped
Ail other clocks: Stopped
< i
—

e e 4%

|

Yes IMTA

No
Yes
i No
(say (sBY (sBY (sBY (sBY (SBY Y Yes
Execute next | _ Restart
Re ‘ mstr@on processor clocks
processor clocks ‘
Execute next .
Reset MCU in ion Accept interrupt |
Figure 11 MCU Operation Flowchart
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Operation during the transition from watch mode
to active mode is the same as that at standby mode
cancellation (figure 11).

MCU Operation Sequence: The MCU operates
in the sequence shown in figures 15 to 17. It is
reset by an asynchronous RESET input, regardless
of its state.

Oscillator |||||H|||||||||

Internal clock | | l I | j

RESET ‘¢

o=

Stop mode 1

—

STOP instruction execution

>
}( t res

(At least as long as
oscillator stabilization

period (trc))

Figure 12 Timing of Stop Mode Cancellation

Oscillation

stabilization

Active mode Watch mode ‘ period Active mode
Sl
Interrupt strobe * A i
interrupt request ' ! *
generation . }
(During the transition : T \ _tRC '
from watch mode to '( > : <
active mode only) '
T =2xtrc: Interrupt frame length
trc: Oscillation stabilization period
Figure 13 Interrupt Frame
22 @ HITACHI
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Miscellaneous register (MIS): $00C Mis T,
- tre
3 | 2|1 0 Bit1 | Bit0 2
0 0 0.12207 ms
} trc selection 1 7.8125ms

R12/SO PMOS off 1 0 | 625ms
Setting switching by system 1 Not used
oscillator's frequency For 32.768-kHz oscillation only

T: Interrupt frame length
trc: Oscillation stabilization period

Figure 14 Miscellaneous Register

( Power on '

RESET = 1?

Yes

e i
: MCU operation

cycle |
Reset MCU - - = 2 S -

| <

il

This Materi al

Figure 15 MCU Operating Sequence (power on)
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MCU operation

No
3 IM=0,VE=1?

Yes

Instruction execution

VE « O; stack « (PC),
(CA), (ST)

Low power mode PC « next location PC « vector address

|
: operation cycle |

R

IF: Interrupt request flag
IM: Interrupt mask

VE: Interrupt enable flag
PC: Program counter
CA: Cany

ST: Status

Figure 16 MCU Operating Sequence (MCU operation cycle)

24 O HITACHI
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F=11IM=07?

3
Yes
Standby/watch mode Stop mode
Note
No
Yes
Hardware NOP Hardware NOP
execution execution
PC « next location PC « next location
Instruction execution
— K

MCU operation Note: For IF and IM operation, refer 1o figure 11.
( cycle )

Figure 17 MCU Operating Sequence (low-power mode operation)
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Internal Oscillator Circuit

A block diagram of the internal oscillator circuit is
shown in figure 19. As shown in table 21, crystal
and ceramic filter oscillators can be connected to
OSC; and OSC,, and a 32.768-kHz oscillator can
be connected to X1 and X2. The system oscillator
can also be operated by an external clock. Bit 3 of
the miscellaneous register (MIS: $00C) must be
set according to the frequency of the oscillator
connected to OSC; and OSC,.

Note:

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

Miscellaneous register (MIS): $00C

3 2 1 0

L

R12/SO PMOS off
Setting switching by system
oscillator's frequency

} trc selection

MIS | system Oscillator's
Bit 3 | Frequency

0 1.6—4.5 MHz
1 0.4-1.0 MHz

Figure 18 Miscellaneous Register

oo @
System Divide-by-8

oscillator circuit
0SCy @7

o« B
Sub-system Divide-by-8

oscillator circuit
° @

. Synch.
Timing (toy) System
generator |—— — clock
circuit (Pcru)
Mode
control
— Synch. circuit
Timing (tsuBcoyc) System
generator —= clock
circuit (dreR)
Time-base
> clock
(PcLk)

Figure 19 Internal Oscillator Circuit
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0OSC, AVsg
RESET TEST
X1 0SC4
X2 0SCz
} GND RESET
Do X1
GND
Figure 20 Typical Layouts of Crystal and Ceramic Filters
G HITACHI 27
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Table 21 Oscillator Circuit Examples

Circuit Configuration Circuit Constants

External Clock

Operation IS:::ﬁlrgti'r | OS¢
(0scC,, 0SC,)

Open —— OSC;
Ceramic Filter C4 - Ceramic filter: CSA4.00MG
Oscillator - 1 0OSCy (Murata)
(0OSC4,0S8Cy) Ceramic = Rr Rf=1MQ+20%
filter —1"' C1=C2=30pF+20%
iH 0SsC,
C2
Vel
GND
Crystal Oscillator C e R¢: TBD
(OSC¢,0SC2) it 0SC; Ci1=C>=TBD
Crvstal —:]L Crystal: Equivalent to circuit shown
4 T ' Co =7 pF, max
1 0SC, Rs = 100 ©, max
o C2 ——  {=1.0t04.5MHz
GND AT cut parallel
resonance crystal
—TP AW
OSC) -4 L Cs Rs ¢ 0SGC,
1t
Co
Crystal Oscillator Ci — Ci=Co=15pF +5%
(X1, X2) 1 T X1 Crystal: 32.768 kHz, MX38T
(Nippon Denpa)
Crystal % Co=1.5pF, typ
il X2 Rs =14 kQ, typ
Co -
777
GND
X1 fr,‘{‘\—és Rs ¢ X2
11
ir

Co

Notes: 1. Circuit constants differ with different types of crystal and ceramic filter oscillator, 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 OSCy and OSC, pins (X1 and X2 pins) and the other elements should
be as short as possible, and must not cross other wiring. Refer to figure 20.
3. If not using a 32.768-kHz crystal oscillator, fix the X1 pin to ¢ and leave the X2 pin open.

28 @ HITACHI
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Input/Output

The MCU has 2 input pins and 33 input/output  The output buffer is turned on and off by the data
pins, 8 of the input/output pins being large-current  control register (DCR) during input through an
pins (15 mA, max). A program-controlled pull-up input/output pin.

MOS transistor is provided for each input/output

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

Table 22 Circuit Configurations of 1/0 Pins

/0 Pin Type Circuit Applicable Pins

Common 1/O

Voc Pull-up control signal Do-Dg
Pin (with }—'—VOCQ R0o—-R03
pull-up MOS }’C(j_‘ ' R1o-R13

DCR
transistor) .{} l R20-R24
' lr—oq_ Output data R30-R33

PDR R40-R43

‘_Do————> Input data
Input control

R50-R53

Voo Pull-up control signal | SCK
Vee

|—c<(—*)<}J Output data
———{>o—> SCK

SCK (internal)

Ou.tput Pin Voo Pull-up control signal | SO
(with pull-l.;p ) 1 bJ—VCCO(I BUZZ
MOS transistor o ﬂ ' DCR

r }—o(l— <] Output data

SO or BUZZ
Input Pin INTo
Sl
® e > T,
EVENT
Dso
D1o
O jo > [nput data
Input control
AC input signal ZcD
ign .
o T 0N Zero-crossing >
! , \\[>/ detection circuit
External capacitor
Note: For details of the R1, /SO pin, refer to note 2 of table 23.
® HITACHI 29
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D Ports (Dg-Djg): Consist of 9 input/output pins
and 2 input pins. Ports Dy—D; are large-current 1/O
ports, Dg is an ordinary input/output port, and Dg
and D, are input-only ports. These ports are set by
SED and SEDD instructions, reset by RED and
REDD instructions, and tested by TD and TDD
instructions.

The operating modes of ports Dg-Dy( are set by
bits 2 and 3 of port mode register A (PMRA) and
bits 0 and 1 of port mode register B (PMRB), as
shown in figure 21. The on/off status of the output
buffer is controlled by D port data control registers
(DCRB, DCRC, and DCRD) that are mapped to
memory addresses.

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

Pins R15-R13 are multiplexed with pins SCK, SI,
SO, and BUZZ, respectively. The operating modes
of these pins are controlled by bit 3 of the serial

mode register (SMR), bits 1 and 0 of port mode
register A (PMRA), and bit 2 of port mode register
C (PMRC), as shown in figure 21.

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

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

The configuration of the I/O buffer is shown in fig-
ure 22, and the configurations of various program-
controlled I/O circuits are given in table 23.

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

30 @ HITACHI
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Serial mode register (SMR). $005

3

2

1

0

R10/SCK pin mode selection

SMR_| port
Bit3 | Selection
0 Rio
1 SCK
Port mode register A (PMRA): $004
3 2 1 0
L——— R12/SO pin mode selection
R14/SI pin mode selection
Do/INT, pin mode selection
D1o/INT; pin mode selection
PMRA | pont PMRA | pont PMRA | pont PMRA | pont
Bit 3 Selection| Bit2 Selection| Bit1 Selection]| Bit0 Selection
0 Dio 0 Do 0 R1, 0 Ri12
1 INT, 1 INTo 1 Sl 1 SO
Port mode register B (PMRB). $011
3 2 1 0
Ds/ZCD/EVENT pin mode selection
} Not used
PMRB Port
Bit 1 Bit 0 Selection

0

0 ZCD (low sensitivity)

1 ZCD (high sensitivity)*
; 0 Ds
1 EVENT

* Becomes low sensitivity in subactive mode.

This Materi al

Figure 21 1/O Switching Mode Registers
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Port mode register C (PMRC): $012

3

2 1 0

} BUZZ output frequency selection

R13/BUZZ pin mode selection
Pull-up MOS transistor on/off selection

PMRC | pyll-up MOS PMRC | port
Bit 3 On/Off Selection| Bit 2 Selection
0 Off 0 Ri3
1 On 1 BUZZ

LCD output register (LOR): $015

3 2 1 0
’———— R2/SEG1-SEG4 pin mode selection
R3/SEG5-SEGS pin mode selection
R4/SEG9-SEG12 pin mode selection
R5/SEG13-SEG16 pin mode selection
LOR | port LOR | port LOR | port LOR | ponrt
Bit 3 | Selection Bit 2 | Selection Bit1 | Selection Bit0 | Selection
0 RS 0 R4 0 R3 0 R2
1 |SEG13-SEG16 1 |SEG9-SEG12| 1 |SEG5-SEGS8 1 |SEG1-SEG4

32

Figure 21 1I/O Switching Mode Registers (cont)
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Vee

q PMRC3
Vee

Pull-up

MOS PMOS (A)

transistor | : DGR

o<H

PDR

:>)—> input data

Input control

Figure 22 1/O Buffer Configuration

Table 23 Programmable I/O Circuits

PMRC, Bit 3 0 1
DCR 0 1 0 1

PDR 0 1 0 1 0 1 0 1
CMOS  PMOS (A) oft off off On off off off On
Buffer  \mos (B) off off On off off oft On off
Pull-up MOS Transistor Off Off Off Off Off On Off On

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

MIS | g,/50 Pin DCR | Bit3 | Bit2 | Bit1 | Bit0
Bit2 | PMOS (A) DCRO RO3 ROz RO, ROy
0 On DCR1 Ri3 R1o R14 R1g
1 Off DCR2 R25 R2, R2, R2o
3. The relationships between DCRs and pins| DCR3 R33 R3; R3; R3
are as shown on the right. DCR4 Rds R4, R4, Rdq
DCRS R53 R52 R54 R5q
DCRB Ds | Do D Do
DCRC Dr | De Ds D4
DCRD — —_ — Ds
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Timers

The MCU has two prescalers (S and W) and three
timer/counters (A, B, and C).

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

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

Timer A: Eight-bit timer that can be used as a
clock time-base (figure 23). It is initialized to $00
and incremented at each input clock. If an input
clock is applied to timer A after it has reached $FF,
an overflow that sets the timer A interrupt request
flag (IFTA: $001, 2) is generated, and timer A
restarts from $00.

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

timer mode register A (TMA).
(tsuBcye)
1/2 —>1 Prescaler W (5 bits)
(1/2tsuBgyo)
(V]
N ~r e} (o0}
1/4 o+ o+ o+
[ Y [
Timer A MPX3
82-kHz crystal On: TMA3 = 1
oscillator
3
Timer mode register A L Timer/counter A
(TMA, 4 bits) > > (TCA, 8bits) [ > 'FTA
3 Timer A's
On: TMA3 =0 interrupt
request
Timer A MPXj flag
ol ol 2
NN ~ O] O
Njt{oOo M|~ O]~ N
LR TR EES B AR RO R Y
t
System (tore) - Prescaler S (11 bits)
clock
Figure 23 Block Diagram of Timer A
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Timer B (TCBL and TLRL: $00A, TCBU and
TLRU: $00B): Eight-bit write-only timer load
register (TLRL and TLRU) and read-only
timer/counter (TCBL and TCBU) located at the
same addresses. The eight-bit configuration con-
sists of lower and upper digits located at sequential
addresses. A block diagram of timer B (and timer
C) is shown in figure 24.

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

The count of timer B is obtained by reading the
timer/counter. In this case, the upper digit must be
read first; the count is latched when the upper nib-
ble is read.

An auto-reload function, input clock source, and
prescaler division ratio of timer B depend on the
state of timer mode register B (TMB). When an
external event input is used as the input clock
source of TMB, the Dg/ZCD/EVENT pin must be
set to function as the ZCD or EVENT pin by
setting port mode register B (PMRB: $011).

Timer B is initialized to the value set in TMB by
software, and is then incremented by one by each
clock input. If an input is applied to timer B after
it has reached $FF, an overflow is generated. In
this case, if the auto-reload function is enabled,
timer B is initialized to its initial value; if auto-
rcload is disabled, the timer is initialized to $00.
The overflow sets the timer B interrupt request flag
(IFTB: $002, 0).

Timer C (TCCL and TCRL: $00E, TCCU and
TCRU: $00F): Eight-bit write-only timer load
register (TCRL and TCRU) and read-only
timer/counter (TCCL and TCCU) located at the
same addresses. The eight-bit configuration
consists of lower and upper digits located at
sequential addresses. The operation of timer C is
basically the same as that of timer B.

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

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

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

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

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

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

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

Writing to this register is valid from the second
instruction execution cycle. Timer C initialization
set by writing to TMC must be done after a mode
change becomes valid.
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| Internal bus line (S1) |
J‘( 4 b
Timer mode register B
(TMB, 4 bits) Timer latch register B
(TLB, 4 bits)
3
i 4
- . el Timer/counter B
EVENTI —> Timer B MPX > (TCB, 8 bits) IFTB
(Refer to ﬁ \ % 34 &4 Timer B's
figure 37.) interrupt
Timer load register B request
(TLR, 8 bits) flag
NEIEI
ol <] o] & =i « 4 4
i I I T A ¥ Internal bus line (S2) I
+ 128
+ 256
~—{PMRC
+512 ‘ 2 1
+ 1024
System — MPX BUZZ
clock L Prescaler S (11 bits) .
| Internal bus line (S1) ]
Y 4 \ 4
Timer C's
interrupt
ol ol d R Timer latch register C re uesr:
ald|l—|olo . q
Nt o |~ (TLC, 4 bits) flag
ER N N B T (N B 3
YYY s
IFTC
: MPX[ >
) Timer/counter C
.9.
Timer C MPX (TCC, 8 bits) ! |
4 } 4
1° Ti load register C System
imer load register Watchdoa) |reset
Timer mode register C (TCR, 8 bits) ( 9
(TMC, 4 bits)
v 4 )A( 4
| Internal bus line (S2) |
1
$020,1
WDON
(Set only)
Figure 24 Block Diagram of Timers B and C
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Table 24 Timer Mode Register A

TMA
Bit3 Bit 2 Bit 1 Bito Source Prescaler, Input Clock Perlod, Operating Mode
0 0 0 0 PSS, 2048t Timer A mode
1 PSS, 1024 t¢yc
1 0 PSS, 512 tgyc
1 PSS, 128 t;yc
1 0 0 PSS, 32t
1 PSS, 8 toyc
1 0 PSS, 4tcyc
1 PSS, 21ty
1 0 0 0 PSW, 32 tsygeyc Time-base mode
1 PSW, 16 tsygcyc
1 0 PSW, 8 tSUchc
1 PSW, 2 tSUchc
1 0 0 PSW, 172 tgypeyc
1 Do not use
1 0 PSW, TCA reset
1

Notes: tSUBcyc = 244.14 us (when 32.768-kHz crystal oscillator is used)

teye = 1.9074 ps (when 4.1943-MHz crystal oscillator is used)

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

If PSW or TCA reset is selected while the LCD is opérating, 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 pro-

gram to the minimum.

>wph =
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Pulse Output

The MCU has a built-in pulse output function
called BUZZ. The pulse frequency can be selected
from the prescaler S's outputs, and the output fre-
quency depends on the state of port mode register

C (PMRC: $012), as shown in table 27. The duty
cycle of the pulse output is fixed at 50%. When
the pulse output function is used, the R13/BUZZ
pin must be specified as BUZZ by PMRC.

Serial Interface

The MCU has a clock-synchronous serial interface
which transmits and receives 8-bit data.

The serial interface consists of a serial data register
(SR), serial mode register (SMR), port mode
register A (PMRA), octal counter, and multiplexers,

as shown in figure 25. The R1y/SCK pin and the
transmit clock are controlled by writing data to the
SMR. The transmit clock shifts the contents of the
SR, which can be read and written to by software,
before transmission starts between two MCUE .

This Materi al

Table 25 Timer Mode Register B Table 26 Timer Mode Register C
T™™B TMC
Bit 3 Auto Reload Function Bit 3 Auto Reload Function
0 Disabled 0 Disabled
1 Enabled 1 Enabled
T™B Input Clock Period/ TMC
Bit 2 Bit 1 Bit 0 Input Clock Source Bit 2 Bit 1 Bit 0 Input Clock Period
0 0 0 2048 tgyc 0 0 0 2048 teyc
1 5121cyc 1 1024 teyc
1 0 128 toyc 1 0 5121
1 321yc 1 128 teye
1 0 0 8 toyc 1 0 0 321ty
1 4teye 1 8 teye
1 0 21eyc 1 0 Atoyc
ZCD/EVENT (external 1 2ty
event input)
Table 27 Port Mode Register C
PMRC
Bit 1 Bit 0 Prescaler Division Ratio
0 0 +1024
1 + 512
1 0 + 256
1 +128
38 @ HITACHI
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The serial interface is activated by the STS instruc-
tion. The octal counter is reset to 000 by this
instruction, it starts counting at the falling edge of
the transmit clock (SCK), and it increments at the
rising edge of the clock. A serial interrupt request
flag is set when the eighth transmit clock signal is
input (the serial interface is reset) or when serial
transmission is discontinued (the octal counter is
reset).

Serial Mode Register (SMR: $005): Four-bit
write-only register that controls the R1y/SCK pin,
transmit clock, and prescaler division ratio as
shown in figure 26. Writing to this register initial-
izes the serial interface.

A write signal input to the serial mode register dis-
continues the input of the transmit clock to the
serial data register and octal counter. Therefore, if
a write is performed during data transmission, the
octal counter is reset to 000 to stop transmission,
and, at the same time, the serial interrupt request
flag is set.

Write operations are valid from the second instruc-
tion execution cycle, so the STS instruction must
be executed after at least two cycles have been
executed. The serial mode register is initialized to
$0 by MCU reset.

System ; Octal counter | SROF
| Prescaler (11 bits
clock ( ) (OC, 3 bits) IFS
l Serial
ol ol F interface's
ANl N~ O .
Njoo| o —| 0] N interrupt
L T B B request flag
YYVYY
serial MPX P . . | Internal bus line (S1) |
4 P
A SCK , ,
Serial data register
v 3 o (SR, 8 bits)
Serial mode Port mode 4 4
1 register > register A
(SMR, 4 bits) (PMRA, 4 bits) { Internal bus line (S2) |
4 T 4 { 4
SCKI
l Internal bus line (S2) I Miscellaneous
1 bo register
(MIS, 4 bits)
¥y
R1o/SCK port | R11/Sl port J R12/SO port
SCK Sl SO
Figure 25 Block Diagram of Serial Interface
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Serial Data Register (SRL: $006, SRU: $007):
Eight-bit read/write register separated into upper
and lower digits located at sequential addresses.
Data in this register is output from the SO pin,
LSB first, in synchronism with the falling edge of
the transmit clock; and data is input, LSB first,
through the SI pin at the rising edge of the transmit
clock. Input/output timing is shown in figure 27.

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

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

Serial Interface Operation: Three operating

modes are provided for the serial interface; transi-
tions between them are shown in figure 28.

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

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

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

Serial mode register (SMR): $005

3 2 1 0
SMR ____
R1,/SCKPin
Bit3
0 R1¢ port input pin
Transmit clock selection = . -
___ ) 1 SCK input or output pin
R10/SCK pin mode selection
SMR R1,/SCKPin | Clock Source| Prescaler Division | Transmit Clock
Bit2|Bit1|Bito| ° Ratio Period
0 0 0 SCK output Prescaler +2048 4096 teyc
1 SCK output Prescaler +512 1024 teye
1 0 SCK output Prescaler +128 256 tcyc
1 SCK output Prescaler +32 64 teye
1 0 0 SCK output Prescaler +8 16 teye
1 SCK output Prescaler +2 4ty
1 0 SCK output System clock — 1 teye
1 SCKinput External clock | — —

Note: to,c = 1.9074 us (with 4.1943-MHz crystal oscillator used at 1/8 division ratio)

Figure 26 Serial Mode Register

40

G HITACH!

Copyrighted By Its Respective Manufacturer



This Materi al

HD404328, HD4074329

In this state, if the internal clock has been selected,
the transmit clock is output in answer to the
execution of the STS instruction, but serial trans-
mission is inhibited after the eighth clock is output.

If port mode register A (PMRA) is written to in
transmit clock wait state or during transmission,
the serial mode register (SMR) must be written to,
to initialize the serial interface. The serial inter-
face then enters STS wait state.

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

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

figure 29.

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

If the serial interface is set to STS wait state by
writing data to the SMR after the serial interrupt
request flag has been reset, the flag is set again.

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

Transmit clock

Serial output

s LTI 1] I

Serial input data

latch timing
Figure 27 Timing of Serial Interface Output
Table 28 Serial Interface Operating Modes
SMR PMRA
Bit3 Bit1 Bit0 Operating Mode
1 0 0 Continuous clock output mode
1 Transmit mode
1 0 Receive mode
1 Transmit/receive mode
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STS instruction wait state
(octai counter = 000,
transmit clock disabled)

MR writ
s wre 8 transmit clocks
STS instruction (internal clock)
(IFS « 1)

Transmit clock )
Transmit clock wait state Transmission state )

SMR write (IFS « 1)

(octal counter = 000) 8 transmit clocks (external clock) (octal counter # 000)
STS instruction
(

(IFS 1)

Figure 28 Serial Interface Mode Transitions

Transmission
completion (IFS « 1)

|

Interrupts inhibited

|

IFS« 0
SMR write
Yes Transmit clock
error processing
No

Normal termination

Figure 29 Transmit Clock Error Detection
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A/D Converter

The MCU has a built-in A/D converter that uses a
sequential comparison method with a resistor lad-
der. It can measure four analog inputs with an
cight-bit resolution. As shown in the block dia-
gram of figure 30, the A/D converter has a four-bit
A/D mode register, a one-bit A/D start flag, and a
four-bit plus four-bit A/D data register.

A/D Mode Registcr (AMR: $016): Four-bit
write-only register which selects the A/D conver-
sion period and indicates analog input pin informa-
tion. Bit O of the AMR selects the A/D conversion
period, and bits 2 and 3 select a channel, as shown
in figure 31.

A/D Start Flag (ADSF: $020, 2): One-bit flag
that initiates A/D conversion when 1 is written to
it. At the completion of A/D conversion, the con-
verted data is stored in the A/D data register and
the ADSF is cleared. Refer to figure 31.

Note: Use the SEM and SEMD instructions to
write data to the ADSF, but make sure that
the ADSF is not written to during A/D
conversion.

A/D Data Register (ADRL: $017, ADRU:
$018): Eight-bit read-only register that is not
cleared by a reset. Note that data read from this
register during A/D conversion cannot be guaran-
teed. After the completion of A/D conversion, the
resultant eight-bit data is held in this register, as
shown in figure 32, until the start of the next
conversion.

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

| Internal bus line (S2)

| [ Internal bus line (S1) |

4

1 $4 4

A/D mode register A/D start flag '(‘XB SE?a $rg1gi7ster
MR: $016 : ) ’
(AMR: $016) (ADSF: $020) ADRU: $018)
2 1 1
ANo O— IFAD
ANt O jox
AN O—]
ANz O— ‘] Comparator
+
Control logic Counter
AVcc O— _J
AVss O D/A
Figure 30 Block Diagram of A/D Converter
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A/D mode register (AMR): $016

3 2 1 0
} Switching time
} Analog input selection
AMR AMR
Switching Time Analog Input
Bit 1 Bit 0 Bit3 Bit2 | Selection
0 0 34t 0 0 ANg
b 67 to/c 1 AN,
1 0 1 0 AN
Not used Z
1 1 ANj
Special flag bits: $020
3 2 1 0

|—- LSON (refer to description of low-power dissipation modes)
WDON (refer to description of timers)

A/D start flag (ADSF)

DTON (refer to description of low-power dissipation modes)

Bit2 | A/D Start Flag (ADSF)
1 A/D conversion started

0 A/D conversion completed

Figure 31 A/D Registers

ADRU: $018 ADRL: $017

VAV 7]

LSB Result

Bit 7 Bit0

44

Figure 32 A/D Data Registers
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Liquid-Crystal Display (LCD)

The MCU has an LCD controller and driver which
drive four common signal pins and 24 segment
pins. The controller consists of a RAM area in
which display data is stored, a display control reg-
ister (LCR), and a duty cycle/clock control register
(LMR), as shown in figures 33 and 34,

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

Power switch
Ve |
Vi LCD ggm;
common
1> driver COMm3
Va2 LCD © COM4
power
control LCD clock
V3 circuit
LCD output
egist
GND J Display on/off ;Lg;:er$o1 5)
4
1 2 — :X SEG1/R2¢
Display control [ | s Y SEG1/R2,
register Rggggn
(LCR: $013) port
LCD multipiexer
segment —% SEG16/R53
driver © SEG17
Duty cycle/LCD
clock control
register SEG24
(LMR: $014) T
5 5 RAM area LCD clock
Duty cycle selection 3

Divided system

Clock selection

LCD: Liquid crystal display

clock output

Divided 32-kHz
clock output

This Materi al

Figure 33 Block Diagram of Liquid Crystal Display
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LCD Data Area and Segment Data ($050-$067):
As shown in figure 35, each bit of the storage area
corresponds to one of four duty cycles. If data is
written 1o an area corresponding to a certain duty
cycle, it is automatically output to the correspond-
ing segments as display data.

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

LCD control register (LCR): $013

2 1 0

LCD mode register (LMR): $014

3 2 1 0

LCD output register (LOR): $015

3 2 1 0

Blank/display

Power switch on/off

Display on/off in watch mode or subactive mode
(Not used)

] Duty cycle selection

] Input clock selection

R2/SEG1-SEG4 pin mode selection
R3/SEG5-SEGS8 pin mode selection
R4/SEG9-SEG12 pin mode selection
R5/SEG13-SEG16 pin mode selection

Figure 34 LCD Registers
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= Blank/display
Blank: Segment signals are turned off,
regardless of LCD RAM data setting.
Display: LCD RAM data is output as segment
signals.

» Power switch on/off
Off: The power switch is off.
On: The power switch is on and V is V¢c.

- Watch/subactive mode display
Off: In watch and subactive modes, all common
and segment pins are grounded and the
liquid-crystal power switch is turned off.
On: In watch and subactive modes, LCD RAM
data is output as scgment signals.

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

LCD Output Register (LOR: $015): Write-only
register used to specify that ports R2-RS act as
pins SEG1-SEG16, as shown in table 32.

Large Liquid-Crystal Panel Drive and Vj cp:
To drive a large-capacity LCD, decrease the resis-
tance of the built-in division resistors by attaching
external resistors in parallel, as shown in figure 36.

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—and the resistance will also vary
with lighting conditions. This size must be deter-
mined by trial-and-error, taking into account the
power dissipation of the device using the LCD, but
a resistance of 1 to 10 kQ2 would usually be suit-
able. (Another effcective method is to attach capac-
itors of 0.1 to 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)-

Bit 3 Bit2 Bit 1 Bit 0
80 | SEG1 | SEG1 | SEG1 | SEGH1
81 | SEG2 | SEG2 | SEG2 | SEG2
82 | SEG3 | SEG3 | SEG3 | SEG3
83 | SEG4 | SEG4 | SEG4 | SEG4
84 | SEGS | SEGS5 | SEGS | SEGS
85 | SEG6 | SEG6 | SEG6 | SEG6
86 | SEG7 | SEG7 | SEG7 | SEG7
87 | SEG8 | SEG8 | SEG8 | SEG8 | $057
88 | SEG9 | SEG9 | SEG9 | SEG9 | $058
89 |SEG10 |SEG10 |SEG10 | SEG10 | $059
90 |SEG11 |SEG11 |SEG11 |SEG11 | $05A
91 |SEG12 |SEG12 |SEG12 |SEG12 | $05B

COM4 COM3 COM2 COM1

$050
$051
$052
$053
$054
$055
$056

Bit 3 Bit 2 Bit 1 BitO
92 | SEG13 |SEG13 | SEG13 |SEG13 | $05C
93 [SEG14 [SEG14 |SEG14 | SEG14 | $05D
94 |SEG15 |SEG15 |SEG15 |SEG15 | $05E
95 |SEG16 |SEG16 | SEG16 | SEG16 | $05F
96 |SEG17 |SEG17 |SEG17 | SEG17 | $060
97 |SEG18 |SEG18 |SEG18 | SEG18 | $061
98 |SEG19 |SEG19 |SEG19 |SEG19 | $062
99 | SEG20 | SEG20 | SEG20 | SEG20 | $063
100 |SEG21 |SEG21 | SEG21 | SEG21 | $064
101 | SEG22 | SEG22 | SEG22 | SEG22 | $065
102 | SEG23 | SEG23 | SEG23 | SEG23 | $066
103 | SEG24 | SEG24 | SEG24 | SEG24 | $067

COM4 COM3 COM2 COM1

Figure 35 Configuration of LCD RAM Area (for dual-port RAM)
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Table 29 LCD Control Register

LCR Display in Watch Mode LCR Power Switch LCR

Bit 2 or Subactive Mode Bit 1 On/Oft Bit 0 Blank/Display
0 Off 0 off 0 Blank
1 On 1 On 1 Display

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

Table 30 LCD Duty Cycle/Clock Control Register

LMR
Bit 3 Bit 2 Bit 1 Bit0 Duty Selection/Input Clock Selection
— — 0 0 1/4 duty cycle
1 1/3 duty cycle
1 0 1/2 duty cycle
1 Static
o] — — CLO (32.768/64 kHz when using 32.768-kHz oscillator)

10| =|0O

CL1 (fy/256)

CL2 (f¢y/2048)

CL3 (refer to table 31)

Note: fcyc is the divided system clock output.

48
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Table 31 LCD Frame Periods for Different Duty Cycles

Static Duty Cycle

LMR
Bit3 Bit2 Bit3 Bit2 Bit3 Bit2 Bit3 Bit2
0 0 0 1 1 0 1 1
Instruction Cycle Time cLo CL1 CL2 CL3Note
2us 512 Hz 1953 Hz 244 Hz 122 Hz/64 Hz
1/2 Duty Cycle
LMR
Bit3 Bit2 Bit3 Bit2 Bit3 Bit2 Bit3 Bit2
0 () 0 1 1 0 1 1
Instruction Cycle Time CLO CL1 CL2 CL3Note
2us 256 Hz 976.5 Hz 122 Hz 61 Hz/32 Hz
1/3 Duty Cycle
LMR
Bit3 Bit2 Bit3 Bit2 Bit3 Bit2 Bit3 Bit2
0 0 0 1 1 0 1 1
Instruction Cycle Time CLo cL1 cL2 CL3Note
2us 170.6 Hz 651 Hz 81.3 Hz 40.6 Hz/21.3 Hz
1/4 Duty Cycle
LMR
Bit3 Bit2 Bit3 Bit2 Bit3 Bit2 Bit3 Bit2
0 0 0 1 1 0 1 1
Instruction Cycle Time CLo cL1 CL2 CL3Note
2us 128 Hz 488.2 Hz 61 Hz 30.5 Hz/16 Hz

Note: The division ratio depends on the value of bit 3 of timer mode register A (TMA): the first value is for

TMAS3 = 0 and the second is for TMA3 = 1.

When TMA3 = 0, CL3 = f,,/4096.
When TMA3 = 1, CL3 = 32.768 kHz/512.

Table 32 LCD Output Register

This Materia

LOR LOR LOR LOR
Bit3 Port Selection Bit2 Port Selection Bit1 Port Selection Bit 0 Port Selection
0 R5 0 R4 0 R3 0 R2
1 SEG16-SEG13 1 SEG12-SEG9 1 SEG8-SEGS 1 SEG4-SEG1
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- Vee (V1) %R Vee (V1)
Vo i V2
R C— c | R
R T R
C
GND - L GND
1 —
Ve com /—-/ 3-digit LCD
I Vi /] g
Vee —/— L Vo —
Vieo == V. SEG1
[ 8 to 24
GND SEG24
Static drive
2
COM1 -_—
V -
«° COM2 [/ 6-digit LCD
Vi [/
Vee —/— Va2 —
Vieo /= v SEG1
3 to 24
GND SEG24
1/2 duty cycle, 1/2 bias drive
3 —
Vce
Vi /———// 8-digit LCD
Vee —/ o — V2 —
Vieco =~ Y SEG1
3 to 24/1
GND SEG24
1/3 duty cycle, 1/3 bias drive
COM1 4 —
Vce -
Vs to L] 12-digit LCD
B COM4 [/
Vec —— e —A V2 —
Vicp —C V SEG1
3 to 24
GND SEG24 7
Vee > Vicp = GND 1/4 duty cycle, 1/3 bias drive

Figure 36 LCD Connection Examples
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Zero-Crossing Detection Circuit

The MCU has a zero-crossing detection circuit that
generates a digital signal in synchronism with an
AC signal input to the ZCD pin through an exter-
nal capacitor. A block diagram of the zero-cross-
ing detection circuit is shown in figure 37.

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

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

setting the input clock source of timer mode regis-
ter B (TMB: $009) for external event input.

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

N,

> Dg port input

> —
MPX [—> EVENTI
281@ / . (Refer to
AC input EVENT pin figure 24.)
signal Zero-crossing
I MPX detection circuit [>LMFX >{MPX |-—>{ IFZC|
External { A
capacitor
\\ 2 \\ 2
[ Port mode register B ] [ Interrupt mode registerl
Figure 37 Block Diagram of Zero-Crossing Detection Circuit
Table 33 Port Mode Register B
PMRB
1 0 Port Selection
o] 0 ZCD (low sensitivity mode)
1 ZCD (high sensitivity mode)*
1 0 Dsg
1 EVENT

This Materi al

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

Name Address R/W Bit Description

PMRA $004 w 0 R1,/S0 pin mode selection

R1,/Sl pin mode selection

Dg/INT, pin mode selection

3 D,¢/INT4 pin mode selection
SMR $005 w 2-0 Serial transfer clock speed selection
3 R1,/SCK pin mode selection
SRL $006 RW 3-0 SCl data register, lower 4 bits
SRU $007 RW 3-0 SCI data register, upper 4 bits
TMA $008 w 2-0 Input clock selection (timer A)
3 Timer Atime-base mode selection
TMB $009 w 2-0 Input clock selection (timer B)
3 Auto reload function selection
TCBL/TLRL $00A RW 3-0 Timer counterftimer load register (timer B), lower 4 bits
TCBU/TLRU $ooB RW 3-0 Timer counter/timer load register (timer B), upper 4 bits
MIS $00C w 1,0 Interrupt frame period selection
R1,/SO PMOS off
Changeover to setting by system oscillator frequency
T™MC $00D w 2-0 Input clock selection (timer C)
Auto reload function selection
TCCL/TCRL $00E RW 3-0 Timer counter/timer load register (timer C), lower 4 bits
TCCU/TCRU $00F RW 3-0 Timer countertimer load register (timer C), upper 4 bits
IMR $010 w 1,0 INT, detection edge selection
3,2 Zero-crossing detection edge selection
PMRB $o1 w 1,0 Dg/ZCD/EVENT pin mode selection
3,2 Do not use
PMRC $012 w 1,0 Buzzer frequency selection
2 R14/ BUZZ pin mode selection
3 Puil-up MOS transistor on/off selection
LCR $013 w 0 LCD display selection
1 LCD power switch on/off selection
2 LCD display selection during watch mode
3 Do not use
LMR $014 w 1,0 LCD duty cycle selection
3,2 LCD input clock selection
52 G HITACHI
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Table 34 Registers in Special Register Area (cont)

Name Address R/W Bit Description
LOR $015 w 0 R2/SEG1-SEG4 pin mode selection

1 R3/SEG5-SEGS pin mode selection

2 R4/SEG9-SEG12 pin mode selection

3 R5/SEG13-SEG16 pin mode selection
AMR $016 w 1] Conversion timing selection (A/D)

1 Do not use

3,2 Analog input selection (A/D)
ADRL $017 R 3-0 A/D data register, lower 4 bits
ADRU $018 R 3-0 A/D data register, upper 4 bits
DCRoO $030 w 3-0 Data control register for port RO
DCR1 $031 w 3-0 Data control register for port R1
DCR2 $032 w 3-0 Data control register for port R2
DCR3 $033 w 3-0 Data control register for port R3
DCR4 $034 w 3-0 Data control register for port R4
DCRS $035 w 3-0 Data control register for port R5
DCRB $03B w 3-0 Data control register for port Dg—Dj
DCRC $03C w 3-0 Data control register for port D,~D-
DCRD $03D W 0 Data control register for port Dg

3-1 Do not use
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PROM Mode Description

Programming the Built-in ROM

The MCU's built-in ROM is programmed in
PROM mode in which the pins are arranged as
shown in figure 38. PROM mode is set by pulling
TEST, M, and M; low and RESET high as shown
in figure 39. In PROM mode, the MCU does not
operate, but it can be programmed in the same way

Since an HMCS400-series instruction is ten bits
long, the HMCS400-series MCU has a built-in
conversion circuit to enable use of a general-
purpose PROM programmer. This circuit splits
each instruction into a lower five bits and an upper
five bits that are read from or written to consecu-
tive addresses. This means that if, for example, 16
kwords of built-in PROM are to be programmed

as any other commercial 27256-type EPROM
using a standard PROM programmer and a 64-to-

by a general-purpose PROM programmer, a 32-
kbyte address space ($0000-$7FFF) must be

28-pin socket adapter. Recommended PROM specified.
programmers and socket adapters are listed in table 35.
10 841 1 Ve
]2 63 ] o
3 62 % Mo My Vee Voe
Vee [ 4 61 OO
Mo 15 6ol ] 64 63 62 6160 59 58 57 56 55 54 53 52
M_1 6 59 :] Vee [: 1 51 :]
Veo : 7 58 :] Vee I: 2 50 :
Voo (] 8 57 GND []3 a9 ]
GND [ 9 56 ] TEST[| 4 48]
TEST [] 10 550 ] Vee L5 47
Voo [] 11 54 ] Cls 46 ]
12 s3] RESET []7 45 ]
RESET [ 13 52 GND E 8 44 % _
GND [ 14 51 ] 9 43| _J OE
[: 15 50 :l GND [: 10 HD4074329F 42 : CE
GND []16 HD40743290S 49| ] OF A7 (] 11 41 As
A; []17 HD4074329C  45[7 | cE As |12 40[ 1 A3
Ag |18 47 A4 Ao ] 13 3] J A2
Ao (] 19 46 ] A, Aso [ 14 381 A
Ao []20 451 Az An[]1s 37 Jos
A1y E 21 44 : Ay A2 !: 16 36:] Og
Ap[]22 43 ] 07 A 117 35 JOs
Al ]23 42 106 A“‘E 18 34[_J 04
19 33 ] 04
A“‘Egg j;%gs 20 21 22 23 24 25 26 27 28 29 30 31 32
4
g2 s 0 5 S M
Ve 27 38 ] 02 AgVppAsAs0403020100Vc000102
As[ |28 37 ]0;
As |29 36 [ 100 Note: Externally connect pins of the same name. This is not
04 []30 35{ 1 Vo necessary if one of the sockets listed in table 36 is used.
03 [] 31 34 10
02[]32 3310,
Figure 38 Pin Arrangement in PROM Mode
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V,
Voc cc
7 !
Vee
RESET
TEST
road O,
Vep
Ve t <
14
fe—————
I
GND

il

Table 35

Figure 39 PROM Mode Connections

PROM Programmer

Recommended PROM Programmers and Socket Adapters

Socket Adapter

Manufacturer Model name Package Manufacturer Model Name
DATA I/O Corp. 29B DP-64S Hitachi 8D
DC-64S
FP-84B Hitachi TBD
AVAL Data Corp. PKW-1000 DP-64S Hitachi TBD
DC-64S TBD
FP-64B Hitachi TBD
Table 36 PROM Mode Selection
Pin
Mode CE OE Vep 0o-05;
Programming Low High Vpp Data input
Verification High Low Vpp Data output
Programming inhibited High High Vpp High impedance
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Warnings

3. PROM programmers have two voltages (Vpp):
12.5 V and 21 V. Remember that ZTAT

This Materi al

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

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

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

devices require a Vpp of 12.5 V—the 21-V set-

ting will damage them.
27256 setting.

Programming and Verification:

12.5 V is the Intel

The built-in

PROM of the MCU can be programmed at high
speed without risk of voltage stress or damage to

data reliability.

Programming and verification modes are selected
as shown in table 36, the memory map in PROM
mode is shown in figure 40, the programming
flowchart is shown in figure 41, and a timing chart
of PROM programming and verification is shown

in figure 42.

socket adapter and the socket adapter is firmly For details of PROM programming, refer to the
fixed in the programmer. Notes on PROM Programming section.
$0000 1, 1, 1 ,Bit4,Bit3,Bit2,Bit1,BitOfLower5 bitsJL $0000 JMPL instruction $0000
$0001 1, 1, 1 ,Bit9,Bit8,Bit7,Bit6,BitS5 Upper 5 bits (jump to RESET routine) $0001
. f Vector address : JMPL instruction $0002
001F 000F [~ . ety -
$0020 $0010 (jump to INTy routine) $0003
) JMPL instruction $0004
> Zero-page subroutine . . N
(64 words) (jump to INT¢ routine) $0005
$007F $003F JMPL instruction _] $0006
$0080 $0040 (jump to TIMER-A routine) | $0007
JMPL instruction _|] $o008
r Pattern (jump to TIMER-B routine) | $0009
(4096 words) JMPL instruction _| $000A
$1FFF $OFFF (jump to TIMER-C routine) | $000B
$2000 $1000 JMPLinstruction _| $000C
(jump to ZCD routine) $000D
? Program JMPL instruction | $000E
(16384 words) ium IAL routi $000F
$7FFF | N n , , \ , $3FFF
 —— i i—

Upper 3 bits are not to be
used (fill them with 111).

Figure 40 Memory Map in PROM Mode
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Erasure (Window Package)

Data in the PROM is erased by exposing the LSI to
ultraviolet light of a wavelength of 2537 A for an
integrated dose of at least 15 W.s/cm2. These con-
ditions can be satisfied by placing the LSI about

2-3 cm away from an ultraviolet lamp with a rat-
ing of 12,000 pW/cm2 for about 20 minutes. After
erasure, all PROM bits are set to 1.

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

This Materia

Set programming/verification mode
Vpp=125+03V, Voc =6.0£0.25V

[

[ Address =0 ]

e

n=0 ]

-
’]

l n+1-n J

Yes

[ Programt,y =1 ms + 5%

Verification OK?

[ Address + 1 — address 1
A

Programtq,, = 3nms l

Last address?

No

Set read mode
VCC = 50 i‘ 05 V, Vpp = VCC + 06 V

No

( Fail )

All addresses
read?

Figure 41 Flowchart of High-Speed Programming
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Programming Electrical Characteristics

DC Characteristics during Programming/ Verification (Vcc=6.0 V025V, Vpp =125V 03V,
Vgs = 0.0 V, Ta = 25°C £ 5°C, unless otherwise specified)

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

Input high Vi 0907, Ao —Aqs, 22 — Vee+03 V

voltage OE, CE

Input low V|L 9—0—0le —A14, -0.3 —_ 0.8 \Y

voltage OE, CE

OUtpUt hlgh VOH 00—07 2.4 —_ - Y |OH =-200 |,LA

voltage

Output low VoL Og—05 — — 0.4 \ lo = 1.6 mA

voltage

Input leakage |11 0g—07, Ag A4, — — 2 BA Vi, =5.25V/0.5V
OE, CE

V¢ current lec — — 30 mA

Vpp current lpp — — 40 mA

input pulse level: 0.8 Vto 2.2V

Input rise/fall time: <20 ns

Input timing reference levels: 1V, 2V
Output timing reference levels: 0.8V, 2V

- Programming ol Verification
Address X x
<las, Jii*‘»
Data —< Data in stable } { Data out valid —
tos _Ipn Lor
Vep '
Vpp /
Vee tvps
Vee y
Vee
GND _/ tves
R
ot N/
< PW < lOES :tOE>
[

OE <OoPW !\:______/

Figure 42 PROM Programming/Verification Timing
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AC Characteristics during Programming/Verification (Voc=6.0V 025V, Vpp=125V +0.3V,
Ta = 25°C % 5°C, unless otherwise specified)

item Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — us
OE setup time toes 2 — — us
Data setup time tos 2 — — us
Address hold time tAH 0] — —_ us
Data hold time toH 2 —_ — Hs
Data output disable time tpgNote — — 130 ns
Vpp setup time typs 2 — — us
Program pulse width tpw 0.95 1.0 1.05 ms
CE pulse width during overprogram torw 2.85 — 78.75 ms
Vce setup time tves 2 — — ps
Data output delay time to 0] — 500 ns

Note: tpg is defined at the point where the output level can no longer be referenced after output is released.

DC Characteristics during Read (Ve =5.0 V£ 10%, Vpp = Ve £ 0.6 V, Ta=25°C + 5°C, unless
otherwise specified)

Item Symbol Min Typ Max Unit Test Conditions
Input leakage current Iy —_ — 1 pA Vee =55V, Vi, = GND to Ve
Output leakage current Lo — — 1 HA Vee =5.5V, Vo = GND to Ve
Program pin current lpp — 1 100 A Vpp = Vg + 0.6V
Power current in operation  IggNote  — — 30 mA  f=1MHz |, = 0mA
Input voltage Vi -03 — 0.8 \
ViH 22 — Vec+03 V
Output voltage VoL — — 0.4 \ loL = 1.6 mA
Vou 24 — — v lon = —200 A

Note: Excluding input through current.

AC Characteristics during Read (Vcc=5.0 V£ 10%, Vpp = Vcc £ 0.6 V, Ta =25°C + 5°C, unless
otherwise specified)

ltem Symbol Min Max Unit Test Conditions
Access time tacc — 500 ns CE = OE = ViL
CE output delay time tce — 500 ns OE = Vi

OE output delay time toe 10 150 ns CE = Vi

Output disable delay time tpeNote 0 105 ns CE=V,

Data output hold time ton 0 — ns CE =OE = Vi

Note: tpg is defined at the point where the output level can no longer be referenced after output is released.
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Input pulse level: 0.8 V1o 2.2V

Input rise/fall time: < 20 ns

Output loading: 1 TTL gate + 100 pF
Input timing reference levels: 1V,2V
Output timing reference levels: 0.8 V,2V

Address x

= \

9
7
N~ X

- toe - - tDF:

- tace | toy
Data out LLLL Data out valid N
AN Y 4

Figure 43 PROM Read Timing
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Notes on PROM Programming

Principles of Programming/Erasure: A memory
cell in a ZTAT microcomputer is the same as an
EPROM cell: it is programmed by applying a high
voltage between its control gate and drain to inject
hot electrons into its floating gate. These electrons
are stable, surrounded by an energy ‘barrier formed
by an SiO; film. The change in threshold voliage
of a memory cell with a charged floating gate
makes the corresponding bit appear as 0; a cell
whose floating gate is not charged appears as a 1
bit (figure 44).

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

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

+ Heat excites trapped electrons, allowing them to
escape.

» High voltages between control gate and drain
may erase electrons.

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

PROM Programming: EPROM memory cells
must be programmed under specific voltage and
timing conditions. The higher the programming
voltage Vpp and the longer the programming pulse
tow 18 applied, the more electrons are injected into
the floating gates. However, if Vpp exceeds speci-
fications, the p-n junctions may be permanently
damaged. Pay particular attention to overshooting
in the PROM programmer. In addition, note that
negative voltage noise will produce a parasitic
transistor effect that may reduce breakdown
voltages.

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

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

» Do not touch the socket adapter or the LSI dur-
ing the programming. Touching them may affect
the quality of the contacts, which will cause pro-
gramming errors.

PROM Reliability after Programming: In gen-
eral, semiconductor devices retain their reliability,
provided that some initial defects can be excluded.
These initial defects can be detected and rejected
by screening. Baking devices under high-tempera-
ture conditions is one method of screening that can
rapidly eliminate data-hold defects in memory
cells. (Refer to the Principles of Programming/
Erasure section.)

Control gate

Control gate

SiO2 Floating gate SiO2 Floating gate
Source SSSSSS Drain Source m Drain
N+ N+ N+ @} N+
Write (0) Erasure (1)
Figure 44 Cross-Sections through EPROM Cell
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ZTAT microcomputer devices are extremely reli-
able because they have been subjected to such a
screening method during the wafer fabrication pro-
cess, but Hitachi recommends that each device is
exposed to 150°C at one atmosphere for at least 48
hours after it is programmed, to ensure its best per-
formance. The recommended screening process is
shown in figure 45.

Notes on Window Packages

Glass Erasure Window: If the glass window
comes into contact with plastic or something carry-
ing a static charge, electrostatic charge on the win-
dow may make the LSI malfunction. If this
occurs, expose the LSI to ultraviolet light for a few
minutes to neutralize the charge and restore the
LSI to normal operation. Unfortunately, this will
also reduce the magnitude of charges stored in the
floating gates, so reprogramming is recommended.

Build-up of electrostatic charge on the window is
the main cause of malfunctions, so follow these
basic rules for preventing electrostatic build-up:

« Everybody handling LSIs must either be
grounded or wearing gloves.

» Never allow plastic to rub across the window.

» Be careful when using coolant sprays—they
often contain ions.

« Cover the window with an ultraviolet-proof
label (preferably one that contains a conductive
material)—it's an effective way of neutralizing
charge.

Ultraviolet-Proof Label: If the LSI is exposed to
fluorescent light or sunlight, its memory contents
may be erased by the small proportion of ultravio-
let light present in such sources. In strong light,
the MCU may even be damaged by photocurrents
generated in it. To prevent such problems, Hitachi
recommends that an ultraviolet-proof label is
placed over the erasure window after the PROM is
programmed.

Special labels containing metal to absorb ultravio-
let light are sold for this purpose. When choosing
labels, bear the following characteristics in mind:

* Adhesion (mechanical strength): Reuse and
dust reduce adhesion, and peeling off a label
may generate static electricity. Therefore it is
best to erase and reprogram the PROM after
peeling off its label. Rather than remove an old
label, it is better to stick a new label over it.

« Allowable temperature range: Check the per-
missible environmental temperature range of the
label. If used under conditions outside this
range, the gum of the label may stiffen or adhere
permanently to the window, even after the label
is removed.

* Moisture resistance: Check the permissible
humidity range and environmental conditions of
the label. It is currently difficult to find a ultra-
violet-proof label suitable for all conditions, so
select a label that is appropriate for the condi-
tions under which the MCU will operate.

Programming, verification

Exposure to high temperature, without power
150°C + 10°C, 48 h *+ 81 No©

-0h

Program read check
Vec=45Vor55V

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

Figure 45 Recommended Screening Flow
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Addressing Modes

RAM Addressing Modes

The MCU has three RAM addressing modes, as
shown in figure 46 and described below.

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

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

Memory Register Addressing Mode: The mem-
ory register (MR), which consists of 16 addresses
from $040 to $O4F, is accessed with the LAMR
and XMRA instructions.

1st word of instruction

Y register

W register X register
'l Y Y

N
[w,‘wo.x3‘x2‘x1 Xo Y5 Y, Y,_Yo]

[

RAM address [PAg PAg PA; PAg PA5 PA, PAg PA, PA, PAf

Register Indirect Addressing

2nd word of instruction

Y4

Opcode

N
[ds dg 9, dg d5 d, d; d, 4, do |

RAM address IPAQ.PABIF’A7.PA6I PAg PA, PA, PA, PA; PA ]

Direct Addressing

Instruction
L 2

L. omode  [m m m mo

RN

RAM address IPAQ. PA 8 PA 7 PA 6 PA 5 PA4‘ PA 3 PA 2 PA, PA o]

Memory Register Addressing

Figure 46 RAM Addressing Modes
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ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes, as
shown in figure 47 and described below.

Direct Addressing Mode: A program can branch
to any address im the ROM memory space by exe-
cuting the JMPL, BRL, or CALL instruction. Each
of these instructions replaces the 14 program
counter bits (PC;3-PCp) with 14-bit immediaie
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
mstrmreplac&nbeelgmlow-ordubusoflhc
program counter (PC;—PCp) with eight-bit imme-
diate data. If the BR instruction is on a2 page
boundary (address 256n + 255), executing that
instruction transfers the PC contents to the next
physical page, as shown in figure 49. This means
that the execution of a BR instruction on a2 page
boundary will make the program branch to the next

page.

Note that the HMCS400-series cross macro assem-
bler kas an aotomatic paging feature for ROM

pages.

Zero-Page Addressing Mode: A program
branch to the zero-page subroutine area located at
$000-S003F 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 (PCy3-PCé).

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 48. If bit 8 of the
ROM data is 1, eight bits of ROM data are written
10 the accumulator and the B register. If bit9is 1,
eight bits of ROM data are writien 10 the RO and
R1 port output register. If both bits 8 and 9 are 1,
ROM data is written to the accumulator and the B
register and also to the RO and R1 port output reg-
ister al the same time.

The P instruction has no effect on the program
counter.
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1st word of instruction 2nd word of instruction
[UMPL] ; — ————— S
(BRL}] . Opcode Ips P> P, Py dy dg d; dg dg d, d; d, d, d,
| | 1 l l l i
/

Program counter II:C,:,PC,-‘,'PC,, PC, PC4 PC4 PC, PC¢ PC PC, PC, PC, Pc,'ch

Direct Addressing

Instruction

—

[BR] om[b7_bs_b5_b4 by b, b, bol

T

Program counter [Pc,.;Pc,ZPc,,'Pc,o' PC, PC, PC, PC¢ PC, PC, PC, PC, PC, o

Current Page Addressing
Instruction
,
[CAL] Opcode las'aa-as a, a; ag
0 0 0 06 0 0 0 O
IR ER 2N I 2% 2N 2 ,
Program counter If;c,:,_PctzAPc,,r’cm’r’c,‘r’c,‘pc]._Pcs.lr’c5 PC, PC, PC, PC, Pcﬂl
Zero Page Addressing

Instruction
[TBR] ~ Opcode |P3 P, P, P,

B register Accumulator
— )
By B, B, By A, A, Ay Aol

P o b4y

Program counter ch,31=c,2|><:,,Pc,0 PCy PC4 PC, PC¢ PC4 PC, PC, PC, PC, PC‘,I

Table Data Addressing

Figure 47 ROM Addressing Modes
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Instruction

- Y T T v T - v Y
PrL _ oscode [Py Po P P
g

B register Accumulator
N

N
[BSPBZ B1ABO‘A3_A2_A1AA0‘|

NN

Referenced ROM address FRA,QRAQRA”'RA,o RAg RA, RA, RA, RA; RA, RA, RA, RA, RAOI

Address Specification

ROM data [ RO, RO RO, ROg ROy RO, RO, RO, RO, ROOI

EEEEEEN

Accumulator,BregisterlB3 B, B; By, A; A, A, Aol” ROg =1

ROM data [RO, RO, RO, RO RO; RO, RO; RO, RO, RO|

Y

Output register RO, R1 [R1,|R1,|R1,[R1,|Ro, [ R0, |Ro, [Ro, | If RO = 1

Pattern Output

Figure 48 P Instruction

256(n — 1) + 255
e BR  AAA|256n
> AAA NOP
N BR  AAA|256n + 254
S BR  BBB|256n + 255
256(n + 1)
—» BBB NOP
%

Figure 49 Branching when Branch Destination is on Page Boundary
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Instruction Set

The HD404328 and HD4074329 each have 101
instructions, classified into the following 10
groups:

* Immediate instructions

*» Register-to-register instructions

* RAM address instructions

* RAM register instructions

+ Arithmetic instructions

» Compare instructions

* RAM bit manipulation instructions
» ROM address instructions

» Input/output instructions

« Control instructions

The functions of these instructions are listed in
tables 38 to 47, and an opcode map is shown in
table 48.

Table 38 Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from immediate LAli 100011030030 IiA in
Load B from immediate LBlIi 1 00000 .iipif ig i—B 1Al
Load memory from LMIDi,d 01 1010i3iiig Ii->M 272
immediate dg da d-/ ds ds d4 d3 d2 d1 do
Load memory from LMIIYi 101001 i3i0i g i-»MY+1oY NZ 11
immediate, increment Y
Table 39 Register-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001 01000 B-A 11
Load B from A LBA 6011001000 A->B 11
Load A from W LAW 0100000000 WoA 2/2Note

0000O0O0O0OOCODO

Load AfromY LAY oot1o01o1111 Y- A 11
Load A from SPX LASPX 0001101000 SPX-A 1N
Load A from SPY LASPY 0001011000 SPY>A 1M
Load A from MR LAMRm 100111 mmmmg MR(mM)—A in
Exchange MR and A XMRAm 101111 mmmmg MRmM) oA 11

Note: The assembler automatically provides an operand for the second word of the LAW instruction.
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Table 40 RAM Address Instructions

Operation Mnemonic Operation Code Function Status Cycles
Load W from immediate LWIi 00111100ii i>W n
Load X from immediate LXH 100010 igibil i2X in
Load Y from immediate LYl 100001 3ibijlg ioY n
Load W from A LWA 0100010000 AW 272w
0000000O0O00O
Load X from A LXA 0011101000 A->X n
Load Y from A LYA 0011011000 A-HY in
Increment Y Y 0001011100 Y+1Y NZ 1
Decrement Y DY 0011011111 Y-15Y NB n
Add Ato Y AYY 0001010100 Y+A-oY OVF 11
Subtract A from Y SYY 0011010100 Y-A->Y NB n
Exchange X and SPX  XSPX 000000O0O0O 1 X & SPX 11
Exchange Y and SPY  XSPY 0000000010 YeSPY n
Exchange X and SPX, XSPXY 0000000011 X & SPXY & SPY 1"

Y and SPY

Note: The assembler automatically provides an operand for the second word of the LWA instruction.
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Table 41 RAM Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
load Afommemory LAMXY) 0 0 1 00 1 00y x M-oA n
{X & SPX, Y & SPY)
Load A from memory LAMDd 0110010000 M-A 272
dg dg d7 dg d5 d4 d3 dy dy dy
Load B from memory {IBM(XY) 00010000y x M5B n
X & SPX, Y & SPY)
Load memory from A IMAXY) 00 100101y x AoM n
X & SPX, Y & SPY)
Load memory from A LMADd 0110010100 AoM 22
dg dg d7 dg ds d d3 d, d, dy
load memoryfromA, LMAIY(X) 0 0 0 1 01 000 x A-MY+1Y mn
increment Y X & SPX) NZ
load memoryfromA, LMADY(X) 0 0 1 1 0 1 0 0 0 x A-MY-15Y in
decrement Y (X & SPX) NB
Exchange memory XMA(XY) 001 00000y x MoA n
and A (X & SPX, Y & SPY)
Exchange memory XMADd 0110000000 MoA 2r
and A dg dg d; dg d5 d, ds d, dy dy
Exchange memory XMB(XY) 00110000y x MoB ”n
and B {X & SPX, Y & SPY)

Note: The meanings of (XY) and (X) are as follows:

Each instruction marked with (XY) has 4 mnemonics, each with different object codes. For exam-
ple, different values of x and y of the opcode of the LAM(XY) instruction are given below.

Mnemonic Y X Function

LAM 0 0 None

LAMX 0 1 X & SPX

LAMY 1 0 Y & SPY

LAMXY 1 1 X & SPX, Y & SPY

Each instruction marked with (X) has 2 mnemonics, each with different object codes. For example,
different values of x of the opcode of the LMATY(X) instruction are given below.

Mnemonic X Function
LMAIY 0 None
LMAIYX 1 X & SPX
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Table 42 Arithmetic Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Add immediate to A Ali 101000 i3ii il A+ioA OVF 11
Increment B 1B 0001001100 B+1-8B Nz 11
Decrement B DB 00110011 B-1-B NB 11
Decimal adjust for DAA oo0o10100110 1n
addition
Decimal adjust for DAS c010101t010 1
subtraction
Negate A NEGA 0001100000 A+1-A 11
Complement B COMB 0101000000 B-B 111
Rotate right A with carry ROTR 0010100O0O00O in
Rotate left A with carry ROTL 00101000O0O01 in
Set carry SEC 0011101111 1> CA 11
Resst carry REC 0011101t 100 0-CA 11
Test carry TC cooo0o1101111 CA 171
Add A to memory AM 0000001000 M+ASA OVF 11
Add A to memory AMDd 0100001000 M+A>SA OVF 22
dg dg d; dg dg d4 dg3 dy dy dp
Add A to memory with AMC 000O0O0OT1T1O0O00O0 M+A+CA>A OVF 171
carry OVF - CA
Add A to memory with  AMCDd 0100011000 M+A+CAA OVF 22
carry dg ds d7 dS ds d4 d3 dz d1 do OVF — CA
Subtract A from memory SMC 00100110600 M-A-CA-A NB 1/
with carry NB - CA
Subtract Afrommemory SMCDd 0 1 1 0011000 M-A-CA>A NB 22
with carry dg dg d7 dS d5 d4 d3 d2 d1 do NB — CA
ORAand B OR 0101000100 AuB-A 1/1
AND memory with A ANM 001001t1100 AnM-A NZ n
AND memory with A ANMDd 0t10011100 AnM-SA NZ 2/2
OR memory with A ORM 0000001100 AUM-SA Nz n
OR memory with A ORMDd 0100001100 AUM-SA NZ 272
dg dg d; dg dg d d3 d5 dy dg
EOR memory with A EORM 0000011100 A®M-A NZ 1”71
EOR memory with A EORMDd 0 1 00011100 ABM-SA NZ 212
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Table 43 Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Immediate not equalto  INEMi 0 00010 i3ipip g i#M NZ 1
memory
Immediate notequalto INEMDid 0 1 0 0 1 0 i3 ir iy ip i#M NZ 272
memaory dg dg d7 d6 ds d4 da dz d1 do
A not equal to memory ANEM 0000000100 AxM NZ N
A notequaltomemory ANEMDd 0 1 0 0 0 0 01 0 O A=xM NZ 272
dg dg d; dg ds d4 d3 dy dy dy
B not equal to memory BNEM 0001000100 BM NZ 171
Y not equal to immediate YNEI 0001 11 i3iyi0g Ye=i NZ 1Al
Immediate less than or ILEMi 000011 i3ii3ipg isM NB in
equal to memory
Immediate less thanor ILEMDiid 0 1 0 0 1 1 i3 ip iy g isM NB 212
equal to memory dg dg d; dg dg d4 d3 d; dq dg
A less than orequalto ALEM 0000010100 A<M NB 1N
memory :
Alessthanorequalto ALEMDd 0 1 0 0 0 1 01 0O A<M NB 22
memory dg dB d7 dS ds d4 da d2 d1 do
B less than or equalto BLEM 0011000100 B<M NB i
memory
Aless than orequaito ALEli 101011300y 0ip A< NB 1”1
immediate
Table 44 RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set memory bit SEMn 00100001 nng i—-M{(n) 11
Set memory bit SEMDnd 01100001 nn i->M(n 2r
dg dg d; dg d5 d4 d3 dy dg dy
Reset memory bit REMn 00100010NN O0-M(n 11
Reset memory bit REMDnd 0 1 1 0 0 010 njng 0—-M(n) 22
dg dg d; dg d5 d4 d3 d, dy dy
Test memory bit T™Mn 00100011 ning M(n) 11
Test memory bit TMn,d 01100011 nyng M(n) 22
dg dg d; dg d5 d4 d3 d> dg dy
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Table 45 ROM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Branch on status 1 BRb 1 1 by bg bs by by by by by 1 in
Long branch on status 1 BRLu 01011 1 p3papyPo 1 272

dg dg d7 dg ds ds d3 dy dy dg
Long jump JMPLuU 01010 1 p3papPiPo 22
unoonditionally dg da d7 dG d5 d4 d3 d2 d1 do
Subroutine jump on CALa 0 1 11 agagazaza; ag 1 172
status 1
Long subroutine jump  CALLu 010110 p3pspyPo 1 272
on status 1 dg dg d; dg dg d4 d3 d> dy dg
Table branch TBRp 00101 1 p3papyPo in
Return from subroutine RTN 0000010000 173
Return from interrupt RTNI 0000O0O1O0O0TO0:t 1 — VE, carry ST 1/3
restored

Table 46 Input/Qutput Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Set discrete /O latch SED oo0ot11100100 1 - D(Y) in
Set discrete I/O latch SEDDm 101110 mmmm 1-5D(m) n
direct
Reset discrete I/O latch RED 60001100100 0—-D(Y) 11
Reset discrete /O latch REDDm 100110 mmmm, 0-—D(m) 11
direct
Test discrete /O latch  TD 060011100000 DY) 11
Test discrete I/O latch ~ TDDm 101010 mgmmm D(m) 11
direct
Load A from R-port LARm 100101 mmmm R(mM-oSA 1”71
register
Load B from R-port LBRm 100100 mmmm R{m-—B 11
register
Load R-port register LRAmM 101101 mmmm A->R(m) 1
from A
Load R-port register LRBm 101100 mmmm B->R(m) n
from B
Pattern generation Pp 011011 p3papyPo 172
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Table 47 Control Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
No operation NOP 000000O0O0OO 11
Start serial STS 0101001000 mn
Standby mode/watch modeNote  SBY 0101001100 1”7
Stop mode/watch mode STOP 0101001101 11
Note: Only after a transition from subactive mode.
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Table 48 Opcode Map

R8 0
R g\t o 1 2 3 4 5 6 7 8 9 A B c D E F
0 | NOP [xsPx|xsPY|xsPxy ORM "
1 {RTNJRTNIY EORM
2 INEM  i(4)
3 ILEM i(4)
4 LBM(XY) '
5 | LMAIY(X)
6 NEGA
7 YNEI i(4)
° 8 XMA(XY) SEM n(2) REM n(2) ™ n(2)
9 LAM(XY) LMA(XY)
A RorﬂhOT DAA |
B
(o] XMB(XY)
D | LMADY(X)
E TD
E
0 LBI i (4)
1 LYt i (4)
2 LxI i (4)
3 LAI i(4)
4 LBR m (4)
5 LAR m (4)
6 REDD m (4)
; 7 LAMR  m (4)
8 Al i (4)
9 LMIY i (4)
A TDD m (4)
B ALEI i(4)
C LRB m (4)
D LRA m (4)
E SEDD m(4)
F XMRA  m (4)
1-word/2-cycle 1-word/3-cycle RAM direct address 2-word/2-cycle
instruction instruction instruction instruction
(2-word/2-cycle)
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Table 48 Opcode Map (cont)

R8 1
RO |\ NLi o
0 [LAW
1 LWA
2 INEMD i(4)
3 ILEMD i (4)
4 |coms
5 JMPL p (4)
6 CALL p(4)
7 BRL P (4)
° 8 SEMD n (2) REMD n(2) TMD n(2)
9
A
B
(o]
o CAL a(6)
E
F
0
1
2
3
4
5
6
1 7 BR b (8)
8
9
A
B
C
D
E
F
1-word/2-cycle 1-word/3-cycle RAM direct address C’ 2-word/2-cycle
instruction instruction instruction instruction
(2-word/2-cycle)
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Absolute Maximum Ratings

ltem Symbol Value Unit Note

Power voltage Vee -0.3t0 +7.0 \

Programming voltage Vpp —-0.3t0 +14.0 \ 2

Pin voltage Vr —0.3to (Ve + 0.3) \)

Total permissible input current Yl 100 mA 3

Total permissible output current 2y 50 mA 4

Maximum input current lo 4 mA 5,6
30 mA 57

Maximum output current =ly 4 mA 8,9

Operating temperature Topr —-20to +75 °C

Storage temperature Tsig -5651t0 +125 °C

Storage temperature (bias) . Thias —25 to +80 °C

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation
must be under the conditions stated in the Electrical Characteristics tables. If these conditions
are exceeded, the LS| may malfunction or its reliability may be affected.

2. Dy (Vpp) of the HD4074329.

3. The total permissible input current is the total of input currents simultaneously flowing in from
all the /O pins to ground.

4. The total permissible output current is the total of output currents simultaneously flowing out
from V to all I/O pins.

5. The maximum input current is the maximum current flowing from any 1/O pin to ground.

6. Applies to Dg, RO-R5.

7. Applies to Dg—D5.

8. The maximum output current is the maximum current flowing from V. to any /O pin.

9. Applies to Dy—Dg, RO-R5.
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Electrical Characteristics

DC Characteristics (HD404328: Ve =2.7106.0 V, HD4074329: V- =3.0105.5 V; GND = 0.0 V;
Ta = -20°C to +75°C; unless otherwise specified)

ltem Symbol Pin(s) Min Typ Max Unit Test Conditions Notes
Input hlgh V!H RESET, SCK, O‘SVCC —_ VCC + 0.3 \Y VCC =35t06.0V
voltage INT,, INT,, SI,
EVENT O.QVCC -_ VCC + 0.3 V
OSC1 VCC -05 — Vcc + 0.3 \Y VCC =35to6.0V
VCC -03 — VCC + 0.3 Y
Input low V"_ RESET, SCK, -0.3 -— 0'2VCC \ VCC =35t06.0V
voltage INTy, INT,,
EVENT, Si -0.3 —  0.1Vc v
OSC1 -0.3 —_ 0.5 Vv VCC =35to6.0V
-0.3 — 03 \
Output high Vou SCK, SO, Veg=-10 — — \" —loy = 0.5mA
voltage BUZZ
Output low VoL SCK, SO, — — 04 Vv lop =0.4 mA
voltage BUZZ
I/0 leakage .|  RESET, SCK, — — 1.0 HA Vi, =01to Vee 1
current INT, INT,, Sl
SO, 0sC,, BUZZ
Current ICC Vcc —_ 3 6 mA VCC =5.0 V, 2, 4
dissipation in fosc = 4 MHz
active mode
Current ISBY VCC —_— 0.6 1.5 mA VCC =3.0 V, 3,4
dissipation in I.CD on
standby mode
Current 'SUB VCC —_ 70 100 HA VCC =3.0V,
dissipation in LCD on —_
subactive mode — 50 70
Current lWTC1 VCC — 4 15 u.A VCC =3.0V,
dissipation in LCD oft
watch mode (1)
Current Wwrez  Vee — 15 35 HA Ve =3.0V, 6
dissipation in LCD on
watch mode (2)
Current ISTOP VCC — 1 10 pA VCC =30V, 6
dissipation in X1 =Vee
stop mode
Stop mode Vstop  Vce 2 - — \ No 32-kHz oscillator 7
retain voltage
Notes on next page
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Notes: 1.
2.

5.
6.
7

Output buffer current is excluded.
Icc is the source current when no /O current is flowing while the MCU is in reset state.
Test conditions: MCU: Reset
Pins: RESET, TEST, Dg—-D;, Dg, D1, RO-R5 at V¢
Dg open
Isgy is the source current when no /O current is flowing while the MCU timer is in operation.
Test conditions:  MCU: /O reset
Serial interface stopped
Standby mode
Pins: RESET at GND
TEST, DO—D7, Dg, D«‘o, RO-RS5 at VCC
Dg open
The power dissipation while the MCU is operating or is in standby mode is in proportion to f,c.
The value of the dissipation current when f,s. = x MHz is given by the following equation:
Maximum value (fogc = X MH2) = x/4 x maximum value (fosc = 4 MH2)
Applies to HD404328 only.
D,q is connected to V¢ in the HD4074329.
RAM data retention

I/0 Characteristics for Standard Pins (HD404328: Ve = 2.7 10 6.0 V, HD4074329: Ve =3.0105.5V;
GND = 0.0 V; Ta = -20°C to +75°C; unless otherwise specified)

ftem Symbol Pin(s) Min Typ Max Unit Test Conditions Notes
Input hlgh V||_ DB_D10- 0.7Vcc _ VCC +03 \
voltage RoO-R5
Input low ViL Dg-Dyq. -0.3 — 03V¢e \
voltage RO-RS
OUtpUt hlgh VOH Da, Ro0-R5 Vcc -10 — —_ Y —'IOH =0.5mA
voltage
Output low Vo Dg, RO-RS — — 04 \) loL = 0.4 mA
voltage
/0O Ieakage l llL] Dg, Dg, —_ —_ 1.0 }LA Vin =0to VCC 1
current Ro0-RS
Do — — 200 HA

Pull-up MOS —lp Dg, RO-R5 5 25 90 pA Ve = 3.0V, V;, = 0.0V
current

Note: 1. Output buffer current is excluded.
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I/O Characteristics for Large-Current Pins (HD404328: V¢ = 2.7 10 6.0 V, HD4074329: Ve = 3.0
t0 5.5 V; GND = 0.0 V; Ta = -20°C to +75°C; unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Conditions Notes
Input hlgh VIH DO—D7 0.7Vcc —_ Vcc + 0.3 \
voltage
Input low Vi Do-D+ -0.3 — 03V¢c Vv
voltage
OUtpUt hlgh VOH Do—-D—, Vcc -10 — — \' _IOH = 0.5 mA
voltage
Output low Vo Dg-D5 — — 04 \ loL = 0.4 mA
voltage — — 20 Vo =15mA
Vcc =45t06.0V
/O leakage [ | Dg-D; — — 1.0 A Vi, =0to Ve 1
current
PU”-Up MOS —lp DO—D7 5 25 90 p,A Vcc = 3.0, Vin =0

current

Note: 1. Output bufter current is excluded.

LCD Circuit Characteristics (HD404328: Ve =2.710 6.0 V, HD4074329: Vcc=3.0105.5 V; GND =
0.0 V; Ta = -20°C to +75°C; unless otherwise specified)

Item Symbol Pin(s) Min Typ Max Unit Test Conditions Notes
Segment driver Vg SEG1-SEG24 — o 0.6 \ lg=3.0 uA 1
voltage drop

Common driver Vg, COM1-COM4  — — 0.3 \ ly=3.0 pA 1
voltage drop

LCD power Ryell 100 300 900 k(2 Between V, and

supply division GND, V, = V¢

resistor

LCD voltage Vieo Vi 3.0 —_ Vee \ 2,3

Notes: 1. Vg5 and Vy.are the voltage drops from power supply pins V4, V,, and V;, and GND to each
segment pin and each common pin.
2. When V ¢p is supplied from an external source, the following relations must be retained:
Vee 2 Vg2V, 2V 2GND
3. The minimum value of V| ¢p in the HD404328 is 2.7 V.
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A/D Converter Characteristics (Voc = 5.0 V £10%, AVgg = 0.0 V, Ta = 0°C to +70°C, unless otherwise

specified)

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

Analog power AVCC AVCC VCC -03 VCC Vcc +03 V

voltage

Analog input AVin ANp—-AN; AVgg AVee Vv

voltage

Current between 'AD — — 50 —_ uA Vcc - AVcc =50V

AVCC and AVSS

Analog input CAin ANg-AN; — 8D — pF

capacitance

Resolution 8 8 Bit

Number of inputs — 4 Channel

Absolute accuracy — — +2.0 LSB Ta = 25°C 1
fOSC =1.04.5 MHz

Conversion period 34 — 67 teye

Analog input ANg—-AN3 1 — — MQ f =1 MHz, V;, = 0.0V

impedance

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

Zero-Crossing Detection Circuit Characteristics

Low Sensitivity Mode (HD404328: Ve =2.7 10 6.0 V, HD4074329: Vcc=3.01055V;GND=00V;
Ta = 0°C to +70°C; unless otherwise specified)

Item Symbol  Pin Min Typ Max Unit Test Conditions  Notes

Zero-crossing Vze ZCD 2.0 — 3.0 Vp.p AC connection,

detection input C=0.1puF

voltage

Zero-crossing Vazc _— —_ +750 mV f2c = 50 Hz Refer to

detection accuracy (sine wave) Figure 50
fosc = 4 MHz
Veg=5.0V

Zero-crossing tz2¢ 45 — 250 Hz

detection input

frequency
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High Sensitivity Mode (Vcc = 5.0 V £ 10%, GND = 0.0 V, Ta = 0°C to +70°C, unless otherwise specified)

Item Symbol  Pin Min Typ Max Unit Test Conditions Notes
Zero-crossing Vze ZCDh 1.0 —_ 3.0 Vp.p AC connection,
detection input C=0.1uF
voltage
Zero-crossing Vaze —_ — +100 mV fzc =50 Hz Refer to
detection accuracy (sine wave) Figure 50
fosc = 4 MHz
Veg=5.0V
Zero-crossing f2¢ 45 — 1000 Hz
detection input
frequency
14 z2¢

l—1
=]
"1

) Vazc

Vv
ZC(p-p)
) Vazc

v

Note: The internal CPU signal is shown lagging behind the original waveform in the figure, but this is not
fixed—it could actually lead.

AC input '
f \

Internal CPU signal |

Figure 50 Zero-Crossing Detection
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AC Characteristics (HD404328: V¢ =2.710 6.0 V, HD4074329: Vec=3.01055V;GND=0.0V;
Ta = -20°C to +75°C; unless otherwise specified)

Iltem Symbol Pin(s) Min Typ Max Unit Test Conditions Notes
Clock oscillation fosc 0SC,,0SC, 0.4 4.0 45 MHz  1/8 division, 32 1
frequency kHz used
0.4 4.0 45 MHz 1/8 division used,
32 kHz not used

X1, X2 — 32.768 — kHz
Instruction cycle teye — 2 — us tosc = 4 MHz
time
Oscillation the 0SsC,, 0SC, — — 40 ms Vee=3.5t06.0V 2
stabilization time _ _ 60 ms 2
(crystal)
Oscillation tac 0SsC,;,08C, — — 20 ms Vcc=35t06.0V 2
stabilization time _ _ 60 ms 2
(ceramic filter)
Oscillation tre X1, X2 — — 3 s 3
stabilization time
External clock tcpH 0OSC, 90 — — ns 4
high width
External clock tepL OSC, 90 — — ns 4
low width
External clock tepe OSC, — — 20 ns 4
rise time
External clock teps 0OSC, — — 20 ns 4
fall time
INTq, INT,, EVENT ty INT, INT,, 2 — — teye/ 5,6
high width EVENT tsuUBcyc
INT,, INT,, EVENT t INT,, INT,, 2 —_ — teye/ 5,6
width EVENT tsuBeve
RESET high width  tgsTh RESET 2 — — feye 7
RESET fall time tasTe RESET — — 20 ms 7
Input capacitance  G;, Dyo — — TBD pF f=1MHz, V;,=0.0V

All pins except — — 15 pF f=1MHz, V,,=00V

Do, ANg—AN,

Notes: 1.

o o
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If fogc = 0.4 to 1.0 MHz, bit 3 of the miscellaneous register (MIS: $00C) must be set to 1; if
fosc = 1.6 to 4.5 MHz, bit 3 must be set to 0. Do not use fogc = 1.0 to1.6 MHz with 32-kHz
oscillation.

The oscillation stabilization time is the time required for the oscillator to stabilize after Voo
reaches 2.7 V (3.0 V for the HD4074329, or 3.5 V if V¢ = 3.5 to 6.0 V) at power-on or after
RESET input goes high after stop mode is canceled. At power-on and when stop mode is can-
celed, RESET must be input for at least tgc to ensure the oscillation stabilization time. If using
a crystal oscillator or a ceramic filter oscillator, contact its manufacturer to determine what sta-
bilization time is required, since it will depend on the circuit constants and stray capacitances.
The oscillation stabilization time is the time required for the oscillator to stabilize after V¢
reaches 2.7 V (3.0 V for the HD4074329) at power-on—at least tgc must be ensured. If using
a 32.768 kHz crystal oscillator, contact its manufacturer to determine what stabilization time is
required, since it will depend on the circuit constants and stray capacitances.

Refer to figure 51.

Refer to figure 52. The t¢y unit applies when the MCU is in standby or active mode.

Refer to figure 52. The tgygyc Unit applies when the MCU is in watch or subactive mode.
tsuBeyc = 244.14 pus (32.768-kHz crystal)

Reter to figure 53.
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Serial Interface Timing Characteristics (HD404328: Ve =2.7 10 6.0 V, HD4074329: Ve =3.0t0
5.5 V; GND = 0.0 V; Ta = —20°C to +75°C; unless otherwise specified)

During Transmit Clock Output

Item Symbol Pin Min Typ Max Unit Test Conditions Notes
Transmit clock cycle time  tgeyc SCK 1.0 — — teye Load shown in figure 55 1, 2
Transmit clock high width tgckn SCK 0.3 — — tscyc Load shownin figure 55 1,2
Transmit clock low width  tgck SCK 03 — — tscyc Load shown in figure 55 1,2
Transmit clock rise time  tgck, SCK — — 100 ns Vee=35106.0V, 1,2

load shown in figure 55

— — 200 ns Load shown in figure 55 1, 2

Transmit clock fall time  tgoks SCK — — 100  ns Vec=3.510 6.0V, 1,2
load shown in figure 55

— — 200 ns Load shown in figure 55 1, 2

Serial output data tpso SO o — 300 ns Vee=3.5106.0V, 1,2
delay time load shown in figure 55

—_— — 500 ns Load shown in figure 55 1, 2
Serial input data tssy Sl 200 — — ns Vec=351t106.0V 1
setup time 300 — . ns 1
Serial input data ths Sl 150 — — ns Vec=35t06.0V 1
hold time 300 —- _ ns 1
During Transmit Clock Input
ltem Symbol Pin Min Typ Max Unit Test Conditions Notes
Transmit clock cycle time  tgeyc SCK 1.0 — — teye 1
Transmit clock high width tgokn SCK 03 — — tseye 1
Transmit clock low width  tgok SCK 03 — — tscye 1
Transmit clock rise time  tgok, SCK — — 100 ns Vec=35106.0V 1

— - 200 ns 1
Transmit clock fall time  tgcoks SCK — — 100 ns Vec=3.5t06.0V 1

—_ — 200 ns 1
Serial output data tbso SO — — 300 ns Vec=351t06.0V, 1,2
delay time load shown in figure 55

— — 500 ns Load shown in figure 55 1,2
Serial input data tgsi Sl 200 — — ns Vec=3.5106.0V 1
setup time 300 — _ ns 1
Serial input data thsi Sl 150 — — ns Vee=35106.0V 1
hold time 300 — __ ns 1
Notes: 1. Refer to figure 54.

2. Refer to figure 55.
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Vee = 3.5 V10 6.0 V (HD404328)
Vee = 3.5 V1o 5.5V (HD4074329)

1/f¢p
Voo —0.5V
tepH
0S¢, 05V Bl
teer tept

Voc = 2.7 V10 3.5 V (HD404328)
Vce = 3.0 V to 3.5 V (HD4074329)

1ep |
Vee -03V t
tcpn cPL
tepr teet

Figure 51 Oscillator Stabilization Time

Vee = 3.5 V 10 6.0 V (HD404328)
Vee = 3.5 V 10 5.5 V (HD4074329)

. 0.8 Ve
INT,, INT, tin t

0.2 Vec 7

Ve = 2.7 V 10 3.5 V (HD404328)
Vee = 3.0 V10 3.5 V (HD4074329)

— 0.9 Vee
INT,, INT, ts i

0.1 Vec A

Figure 52 Interrupt Timing

Ve = 3.5 V 10 6.0 V (HD404328)
Vee = 3.5 V 10 5.5 V (HD4074329)

RESET
0.2 Vee

trsTt

Vee = 2.7 V10 3.5 V (HD404328)
Vce = 3.0 V to 3.5 V (HD4074329)

0.1 Vee

trsTt

Figure 53 Reset Timing
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SCK

SCK

Vee = 3.5 V10 6.0 V (HD404328)

tseye Vce = 3.5V 10 5.5 V (HD4074329)

1
Vee —-2.0V (0.8\5c ) SCKL :/ . \ /
0.8V (0.2Vc)" < SCKH o |\

t
Voo = 0.5V (0.9 )°\ |e—3CKL 5, / oo /

t
S e e aSOKr tsckHD o

-

t
3 .. DSO

X Voo —20V X
0.8V

I

tsst | | tHsi_

0.8Vee
0.2Vee

|

Ve —2.0 Vand 0.8 V are the threshold voltages for transmit clock output,
0.8V and 0.2V are the threshold voltages for transmit clock input, and
toso « lssi- and {5 are the timings used with transmit clock input voltages.

Vec=27Vto35V (HD404328)
Vee = 3.0 V1o 3.5 V (HD4074329)

t Scyc

L.

t -
S e e eSCKr o tsckHD

ol

0.4V (0.1 )*

t
3 «LPSO

ﬂ/:vcc-o.sv X
0.4V

tssy | [ tHsi_

0.9Vcce
0.1Vee

"Vee — 0.5V and 0.4 V are the threshold voltages for transmit clock output,
0.9V and 0.1V¢ are the threshold voltages for transmit clock input, and
tpso . Issi» and gy are the timings used with transmit clock input voltages.

I/

|

Figure 54 Serial Interface Timing

Vee
Test
pOint HL = 26 kQ
c R 1S2074
30 pF 12 kQ C)

or equivalent

This Materi al

Figure 55 Timing Load Circuit
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HD404328 Option List

Plcase enter check marks (B, X, or ) in boxes by applicable items.

Packages
(0 DP-64S Date of order /N9
[0 FP-64B Customer
Department
ROM code name
LSI number (to be
filled in by Hitachi)
Optional Functions ROM Code Media
[ With 32-kHz CPU operation O EPROM: Emulator type

[J Without 32-kHz CPU operation, with time-base for clock [0 HD4074329
(J Without 32-kHz CPU operation, without time-base
(] With zero-crossing detection function

(0 Without zero-crossing detection function

Usage Conditions Check

Oscillator for OSC; and OSC,

[J Ceramic filter f= MHz Oscillator for X1 and X2
(7 Crystal t= MHz (O Not used —
[ Externalclock | f= MHz O Crystal f = 32.768 kHz

Package Dimensions

Unit: mm (inch)

. 57.6(2,268) o
58.5max (2.303max)
6 33
anAaNNAAM[MAMNAANOAAOANMONOaNADANanA ! v
1=
o 8
<
&g
Sl %
K
O :i =

e e S e ikl
! |l 1.0(0.039)

é..' i é ‘ |
lrr”lrrrﬂlrrﬁlﬂlﬂlrﬂlrrrﬁlﬂllr” E ,
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Package Dimensions Unit: mm (inch)
FP-64B
24.8%0.4(0.976+0.016)
20.0(0.787)
51 33
2 nnannanannpnaanannn
. 52= —32 |
SIa = = (2
BN =" e o
Tg = = |3 o
A= — |
< | — S |
3:'3 64=\ = 20 N
<y (OOYUTTUrrrrrmrm T o
1 19 . s <%
0,35%0,1 x sl 5|8
(0.014%0. 004) #10.15(0.006) [@3) ST EIS
NI o~
| s
—-s * 1.2:0.2 |
al0.15(0.006)] < :z (0.047%0.008)
DC-64S
57.3(2.256)
64 33 .
g
1 0.9(0.035) 32 = - 19.05(0.750) -
iz
1.77820,25 JLLMI Eﬁg 0.25:8:88
(0.07040.010) (0.01920.004) = (0.010:3:383)
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When using this document, keep the following in mind:
1.
2.

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole
or part of this document without Hitachi's permission.

Hitachi will not be held responsible for any damage to the user that may resuit from accidents
or any other reasons during operation of the user’s unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteris-
tics and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility
for any intellectual property claims or other problems that may result from applications based
on the examples described herein.

No license is granted by implication or otherwise under any patents or other rights of any
third party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’s products are requested to notify the relevant Hitachi sales offices when planning to
use the products in MEDICAL APPLICATIONS.
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