HD404829 Series

Description

The HDA404829 Series is an HMCS400-series
microcomputer designed to increase program
productivity and also incorporate large-capacity
memory. Each microcomputer has an LCD
controller/driver, A/D converter, input capture
circuit, 32-kHz oscillator for clock use, and four
low-power dissipation modes.

The HD404829 Series includes four chips: the
HD404828 with 8-kword ROM; the HD4048212
with 12-kword ROM; the HD404829 with
16-kword ROM; the HD4074829 with 16-kword
PROM.

The HD4074829 is a PROM version (ZTAT™
microcomputer). A program can be written to the
PROM by a PROM writer, which can dramatically
shorten system development periods and smooth
the process from debugging to mass production.
(The ZTAT™ version is 27256 compatible.)

Features

+ 1,876-digit x 4-bit RAM

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

Four timer/counters

Eight-bit input capture circuit

Three timer outputs (including two PWM out-
puts)

Two event counter inputs (including one double-

edge function)

Clock-synchronous 8-bit serial interface

A/D converter (4 channels x 8 bits)

LCD controller/driver (52 segments x 4 com-

mons)

Built-in oscillators

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

— Subclock: 32.768-kHz crystal

Eleven interrupt sources

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

— Six by internal sources

Subroutine stack up to 16 levels, including inter-

rupts

Four low-power dissipation modes

— Subactive mode

— Standby mode

— Watch mode

— Stop mode

One external input for transition from stop mode

to active mode

Instruction cycle time: 1 us (fogc = 4 MHz)

Operation voltage
Vee =27 V10 6.0 V (HD404828,
HD4048212, HD404829)
Vee =2.7 Vo 5.5 V (HD4074829)

Two operating modes

— MCU mode

— MCU/PROM mode (HD4074829 only)
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HD404829 Series

Ordering Information
Type Product Name Model Name ROM (Word) Package
Mask ROM HD404828 HD404828H 8,192 100-pin plastic QFP (FP-100B})
HD404828FS 100-pin plastic QFP (FP-100A)
HD404828TF 100-pin plastic QFP (TFP-100B)
HD4048212 HD4048212H 12,288 100-pin plastic QFP (FP-100B)
HD4048212FS 100-pin plastic QFP (FP-100A)
HD4048212TF 100-pin plastic QFP (TFP-1008B)
HD404829 HD404829H 16,384 100-pin plastic QFP (FP-100B)
HD404829FS 100-pin plastic QFP (FP-100A)
HD404829TF 100-pin plastic QFP (TFP-100B)
ZTAT™ HD4074829 HD4074829H 16,384 100-pin plastic QFP (FP-100B)
HD4074829FS 100-pin plastic QFP (FP-100A)
HD4074829TF 100-pin plastic QFP (TFP-100B)

ZTAT™ is a trademark of Hitachi, Ltd.
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HD404829 Series

Pin Arrangement
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HD404829 Series

Pin Arrangement
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HD404829 Series

Pin Description

Pin Number
Hem Symbol FP-100B, FP-100A L/O Function
TFP-100B

Power Veo 97 99 Applies power voltage

supply GND 13 15 Connected to ground

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

Reset RESET 10 12 I Resets the MCU

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

0seC 9 1 o Connect them to a ceramic oscillator or connect
2 OSC1 to an external oscillator circuit
X1 1 13 | Used for a 32.768-kHz crystal for clock purposes.
X2 12 14 o Ifnotto be used, fix the X1 pin to V¢¢ and leave
the X2 pin open.

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

Dyg, D1y 24,25 26, 27 | Input pins addressable by individual bits
RO,—R73 26-57 28-59 /0 Input/output pins addressable in 4-bit units

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

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

Serial 3CK 35 37 VO Serial interface clock input/output pin

inteface g, 36 kY] I Serial interface receive data input pin

SO 37 39 O  Serial interface transmit data output pin

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

TOD
EVNB, EVND 33,34 35, 36 1 Event countinput pins

LCD V1, Va, V3 94-96 96-98 Power pins for LCD driver; may be left open
during operation since they are connected by
internal voltage division resistors.

Voltage conditions are:

Vee 2V, 2V22V326ND
COM1-COM4 90-93 92-95 O  Common signal pins for LCD
SEG1-SEG52 38-91 40-91 O  Segment signal pins for LCD

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

converter same potential as Vqc, as physically close to the
Ve pin as possible

AVgg 6 8 Ground for AVgc: Connect it to the same poten-
tial as GND, as physically close to the GND pin
as possible
ANg—AN, 2-6 4-7 | Analog input pins for A/D converter
NUMG NUMG 100 2 Non-user pin. Connect it to GND.
NUMO NUMO 98, 99 100, 1 Non-user pin. Do not connect it to any lines.

886 Hitachi



HD404829 Series

Block Diagram
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HD404829 Series

Memory Map

ROM Memory Map

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

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

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

Program Area ($0000-$1FFF: HD404828;
$0000-$2FFF: HD4048212; $0000-$3FFF:
HD404829, HD4074829): Used for program
coding.

RAM Memory Map

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

0 $0000
Vector address
15 $000F
Zero-page subroutine
(64 words)
63 $003F
Pattern
(4096 words)
4,085 | | $OFFF
i Program
(8,192 words)
8,191 | for HD404828 $1FFF
H Program
J (12,288 words)
12,287 for HD4048212 $2FFF
Program
J (16,384 words)
for HD404829
16,383 $3FFF

ol JMPL instruction ] $0000
1 [(Jump to RESET, STOPC routine)| $0001
2] JMPL instruction _{ $0002
3 (jump to INT, routine) $0003
41 JMPL instruction _| s0004
5 {jump to INT; routine) $0005
6 JMPL instruction _| s0006
7 (jump to timer A routine) $0007
8| JMPL instruction _{ $0008
9 | (ump to imer B, INT, routine) | $0009
10 | JMPL instruction _| $000A
11 | (jump to timer C, INT;3 routine) | $0008
12 JMPL instruction | $000C
13 | (jump to timer D, INT 4 routine) | $000D
14 JMPL instruction _| $000E
15 (jump to A/D, serlal routine) $000F

Figurel ROM Memory Map
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HD404829 Series

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

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

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

+ Special Function Register Area ($004-$01F,
$024-303F)
This area is used as mode registers and data reg-
isters for external interrupts, serial interface,
timer/counters, LCD, and A/D converter, and is
used as data control registers for I/O ports. The
structure is shown in figures 2 and 5. These
registers can be classified into three types:
write-only (W), read-only (R), and read/write
(R/W). The SEM, SEMD, REM, and REMD
instructions can be used for the LCD control reg-
ister (LCR: $01B), but RAM bit manipulation
instructions cannot be used for other registers.

Register Flag Area ($020-$023)

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

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

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

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

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

The program counter is restored by either the RTN
or RTNI instruction, but the status and carry flags
can only be restored by the RTNI instruction. Any
unused space in this area is used for data storage.
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HD404829 Series

RAM-mapped registers

$000

Interrupt control bits area

Port mode register A (PMRA}!

Memaory registers (MR)

Serial mode register A (SMRA):

LCD display area (52 digits)

Data (464 digits x 3)

Serial data register lower (SRL)'

Serial data register upper (SRU):

o $084

Timer mode register A (TMA)

O NDUAEWO

w
w
AW
AW
w
w

Timer mode register B1 (TMB1)

Timer B (TRBL/TWBL): R'W
(TRBU/TWBU) R'W

V = 0 (bank 0)

Miscellaneous register___(MIS)! w

Va1 (bank 1)
V = 2 (bank 2)

Timer mode register C_ {TMC1))

Timer C (TRCL/TWCL), AW

(TRCU/TWCUY RW

Timer mode register D1 (TMD1), W

608

$260
Data (352 digits)

Timer D (TRDL/TWDL)'
(TRDWTWDU} rw |

Timer mode register B2 (TMB2)! R/W

Timer mode register C2 {(TMC2), R'W

Timer mode register D2 (TMD2): R'W

Stack (84 digits)

A/D mode register {AMR)! W

A/D data ngmef lowsr (ADL)! R

LCD control register  (LCR). W

Data
(464 d‘om)
Ve

(bank =0)

(464 digits)
Vet
(bank = 1)

LCD mode register (LMR} W

LCD output register 1~ (LOR1)i W

Data

LCD output register2  {(LOR2): W

LCD output register 3 (LOR3)i W

(484 digits)
Va2

Data :
(bank = 2) '

Register flag area

Port mode register B (PMRB), W

Port mode register C  (PMRC) W

A:
W:  Write on

. The data area has three banks:
bank 0 (V = 0) to bank 2 (V = 2).
. Two registers are mapped
on the same area.

Read only

ly

R/W: Read/write

Detection edge seloct register 1 (ESR1)!

w

Detection edge select register 2 (ESR2)!

w

Serial mode register B (SMRB). W

System clock select reglster (SSR);

Not used

Port D-D3 DCR

W

(DCDO),

Port D,—D; DCR (DCD1)_w

DCD2): W

(DCRO): W

Port R DCR (DCR1)! W

Port R2 DCR (DCR2). W

Port R3 DCR (DCR3): W

Port R4 DCR (DCR4); W

Port RS DCR (DCRS). w

Port R6 DCR

SREHLBRILE

Port R7 DCR

\ roqsm '

Timer read register B lower (TRBL)® R

Timer write register B lower (TWBL) : w

Timer read register B upper (TRBU)! R

Timer write register B upper (TWBU)E w

Timer read register C lower (TRCL): R

Timer write register C lower (TWCL)E w

Timer read register C upper (TRCU)! R

Timer write register C upper gTWCQ): w

Timer read register D lower (TRDL) | R

Timer write register D lower (TWDL)! W

Timer read register D upper (TRDUﬂ R

Timer write register D upper (TWDU)' W

$00D

$012

$014
$015
$018
$017
$018
$019
$01A
$01B
$01C
$01D
$01E
$O1F
$020
$023
$024
$025
$026

$028

$02A
$028
$02C
$020

}..

Figure 2 RAM Memory Map
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HD404829/HD4074829

Bit3 Bit2 Bit 1 Bit 0
MO IFQ RSP IE
0 INT- fryeae . {Interrupt $000
(IM of INTp) (IF of INTo) (Reset SP bit) enable flag)
1 IMTA IFTA M1 IF1_ $001
{IM of timer A) (IF of timer A) {IM of INT4) (IF of INTy)
2 IMTC IFTC IMTB IFTB $002
(IM of timer C) (IF of timer C) {IM of timer B) (IF of timer B)
IMAD IFAD IMTD IFTD $003
3 (M of A/D) (IF of A/D}) (M of timer D) | (IF of timer D)
interrupt control bits area
Bit 3 Bit2 Bit 1 Bit 0
DTON ADSF WDON LSON
32 | (Direct transfer (AID start flag) (Watchdog (Low speed $020
on flag) 9 on flag) on flag)
RAME ICEF ICSF
33| (RAM enable (Input capture (Input capture | $021
flag) error flag) status flag)
IM3 IF3 M2 IF2
341 (1M of INTy) (IF of INT3) (M of INT2) (Fof INTy) | 3022
5 s iF: Interrupt request flag
M IM: Interrupt mask
. i M4 IF4 p
35 (M of serial (IF of serial (IM of INT4) (IF of INT4) $023 {E: Interrupt enable flag
interface) interface) SP: Stack pointer
Register flag area
Figure 3 Configuration of Interrupt Control Bits and Register Flag Areas
SEM/SEMD REM/REMD TM/TMD
E
M Allowed Allowed Allowed
LSON
IF
ICSF
ICEF Not executed Allowed Aliowed
RAME
RSP Not executed Allowed inhibited
WDON Allowed Not executed Inhibited
ADSF Allowed Inhibited Allowed
DTON Not exe?uted in gctlve mode Allowed Allowed
Used in subactive mode
Not used Not executed Not executed Inhibited

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

Figure 4 Usage Limitations of RAM Bit Manipulation Instructions
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HD404829 Series

Bit3 Bit 2 Bit1 Bit 0
$000
interrupt controt bits area
$003
PMRA $004 [ Not used BRENot used B R2ySI | R2ysO
SMRA $005 | R2,/SCK Serlal transmit clock speed selection 1
SRL $008 Serlal data register (lower digit)
SRU $007 Serial data register (upper digit)
TMA $008 *1 Clock source selection (timer A)
T™B1 $009 *2 Clock source selection (timer B)
TRBL/TWBL $00A Timer B register (lower digit)
TRBU/TWBU $008 Timer B register (upper digit)
MIS $00C *3 50 PMOS control] Intermupt frame period selection
TMC1 $00D *2 Clock source selection (timer C)
TRCUTWCL $00E Timer C register (lower digit)
TRCU/TWCU $00F Timer C register (upper digit)
TMD1 $010 *2 | Clock source selection (timer D)
TRDL/TWDL $011 Timer D register (lower digit)
TRDU/TWDU $012 Timer D register (upper digh)
™82 5013 [ Not used BB Not used B Timer-B output mode selection
TMC2 $014 il Not used Timer-C output mode selection
TMD2 $015 *4 Timer-D output mode selection
AMR $018 | Analog channel selectl INol uaodﬂ *5
ADRL $017 A/D data register (lower digh)
ADRU $018 A/D data register (upper digit)
$019 Not used
$01A
LCR $018 [ Not used *8 *9 *10
LMA $01C JLCD input clock source selacton|  LCD duty cycle selection
LOR $01D | R3ySEG4 | R3ySEG3 | mayseGz | RaySEGH
LOR2$01E | R4ySEGS | R4ySEG? | RaySEGE | R4ySEGS
LORa $01F [ Not Used Il R7/SEG17-20| R&SEG13-16 | RSISEGS-12
$020
Register flag area
$023
PMRB$024 | RO4INT, | ROyINTy | RO/INT, | ROyINT,
PMRC $025 | D,/INT, | D,ySTOPC | R2/EVND | R1yEVNB
ESR1 $026 | INT, d 0dge selection | INT, tion edge selection
ESR2 $027 |EVND detection edge selection | INT, detection edge selection
SMRB $028 ¢ 7 1 *12

SSR $029

DCDO $02C | Port Dy DCR | Port D, DCR [ Port D, DGR | Port D, DER
0CD1$02D | Port 0, DGR Port D, DCR | Pont b, DCR | Port D, DCR
DCD2 $02€ ENot used Il Port D DCA | Port Dy DCR

Nt

DCRO $030 | Port RO; DO Port R0, DCR] Port R0; DGR | Pot AR DCR| 1% 3 amerAime-base

DCR? $031 | Port R1, DCR] Port R1, DGR Port A1, DCR | Port A1y DCR 3. Pull-up MOS control

DCR2 $032 | Port R2, DCR| Port R2, DCR| Port R2, DCA| Port R2, OCR ;: :‘lgl ;‘wmﬁﬂ

DCR3 $033 | Port R3, DCR| Port R3, DCA| Port A3, DCA| Port R3, DCA & TONEC oupn conrol

DCR4 $034 | Port R4y DCR] Port A4, DGR Port R4y DGR Port Ry DCR 7. TONER output control

DCRS'$035 | Pot RS, DCR| Port RS, DCR] Port RS, DCR] Port RS, DCR : Egg"ywm:m"“'
DCRé $036 | Port R6, DCR| Port Ré, DCR| Port Re, DCR| Port Ré; DCR 10. LOD Sapiay oot

DCRY $037 | Port 7, DCR| Port R7, DCR] Port R7, DGR] Port R7, DCR 11, SO output level control in idle statea

12. Transmit clock source selection
13. 32-kHz osclilation stop
14, 32-kHz osclilation division ratio

v $03F [ Not used I Not used {21 Bank 0 to bank 2 selection

Figure § Special Function Register Area
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HD404829 Series

Memory registers Stack area

64 | MR(0) |$040 960 Level16 | $3CO

65 | _MR(1) |$041 Level 15

66 | MR(2) |s$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( $047 Level 9 Bit 3 Bit 2 Bit 1 Bit 0

72 | MR(8) | $048 Level 8 | =x— | 57—

73 [ MR(9) | $049 Level 7 1020 ST | PCy3 | PCyp | PCyy | $3FC
74 | _MR(10) | $04A Level 6 == | zA = | 5~

75 [ MR ] 048 Lovel5 1021| PC,y | PC, | PC, | PC, | $3FD
76 | MR(12) | $04C Level 4 — | —— | —

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

PC,3—PG,: Program counter
ST: 3813?85 flag
CA: Carry flag

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

Bank register (V: $03F)

Bit 3 2 1 0
Initial value l - I — [ 0 | 0 I
Read/Write — -_— RW RW
Bit name Not used Notused V1 Vo
V1 Vo Bank area selection
0 0 Bank 0 is selected
1 Bank 1 is selocted
1 0 Bank 2 is selected
1 Inhibited

Note: After reset, the value in the bank register is 0, and therefore bank 0 is
selected. If V1 =1 and VO = 1, no bank is selected, and the operation is not
guaranteed.

Figure 7 Bank Register (V)
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HD404829 Series

Functional Description
Registers and Flags

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

Accumulator (A), B Register (B): Four-bit regis-
ters used to hold the results from the arithmetic
logic unit (ALU) and transfer data between memo-
ry, 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 Flag (CA): One-bit flag that stores any
ALU overflow generated by an arithmetic opera-
tion. CA is affected by the SEC, REC, ROTL, and
ROTR instructions. A carry is pushed onto the
stack during an interrupt and popped from the
stack by the RTNI instruction—but not by the RTN
instruction.

3 0
Accumulator Initial value: Undefined, R'W (A)
3 0
B register Initial value: Undefined, R'W
1 0
W register Initial value: Undefined, R'W
3 0
X register Initial value: Undefined, R/W {X)
3 0
Y register Initial value: Undefined, R/'W
3 0
SPX register Initial value: Undefined, R'W
3 0
SPY register Initial value: Undefined, R'W (SPY)
0
Carry initial value: Undefined, R'W (CA
0
Status Initial value: 1, no RW (ST
Program counter 13 0
Initial value: 0, (PC) |
no R'W
9 5 0
Stack pointer l | I I
Initial value: $3FF, no R/W e (SP)

Figure 8 Registers and Flags
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HD404829 Series

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

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

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

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

Reset

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

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

The MCU has 11 interrupt sources: five external
signals (INTq, INT|, INT,~-INT,), four timer/
counters (timers A, B, C, and D), serial interface,
and A/D converter.

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

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

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

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

A block diagram of the interrupt control circuit is
shown in figure 9, interrupt priorities and vector
addresses are listed in table 2, and interrupt pro-
cessing conditions for the 11 interrupt sources are
listed in table 3.

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

The interrupt processing sequence is shown in fig-
ure 10 and an interrupt processing flowchart is
shown in figure 11. Afier an interrupt is acknowl-
edged, the previous instruction is completed in the
first cycle. The IE is reset in the second cycle, the
carry, status, and program counter values are
pushed onto the stack during the second and third
cycles, and the program jumps to the vector
address to execute the instruction in the third cycle.

Program the JMPL instruction at each vector
address, to branch the program to the start address
of the interrupt program, and reset the IF by a soft-
ware instruction within the interrupt program.
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Table 1 Initial Values After MCU Reset

Initial
item Abbr. Value Contents
Program counter (PC) $0000 Indicates program execution point from start
address of ROM area
Status flag (ST) 1 Enables conditional branching
Stack pointer (SP) $3FF Stack level 0
Interrupt Interrupt enable flag (IE) 0 Inhibits all interrupts
flags/mask Interrupt request flag  (IF) 0 Indicates there is no interrupt request
Interrupt mask (IM) 1 Prevents (masks) interrupt requests
o Port data register (PDR)  All bits 1 Enables output at level 1
Data control register (gggc) All bits 0 Turns output buffer off (to high impedance)
1
(bCD2) --00
(DCRO Al bits 0
-DCR7?)
Port mode register A (PMRA) --00 Refer to description of port mode register A
Port mode register B (PMRB) 0000 Refer to description of port mode register B
Port mode register C  (PMRC3, 000 Refer to description of port mode register C
bits 3, 1,0 PMRC1,
PMRCO)
Detection edge select (ESR1) 0000 Disables edge detection
register 1
Detection edge select (ESR2) 0000 Disables edge detection
register 2
Timer/ Timer mode register A (TMA) 0000 Refer to description of timer modse register A
ggzzms- Timer mode register B1 (TMB1) 0000  Reter to description of timer mode register B1
interface Timer mode register B2 (TMB2) - - 00 Refer to description of timer mode register B2
Timer mode register C1 (TMC1) 0000 Refer to description of timer mode register C1
Timer mode register C2 (TMC2) - 000 Refer to description of timer mode register C2
Timer mode register D1 (TMD1) 0000 Refer to description of timer mode register D1
Timer mode register D2 (TMD2) 0000 Refer to description of timer mode register D2
Serial mode register A (SMRA) 0000 Refer to description of serial mode register A
Serial mode register B (SMRB) - - 00 Refar to description of serial mode register B
Prescaler S (PSS)  $000 —
Prescaler W (PSW) $00 —
Timer counter A (TCA) $00 —
Timer counter B (TCB)  $00 —
Timer counter C (TCC) $00 —
Timer counter D (TCD) $00 —
Timer write register B (TWBU, $X0 —
TWBL)
Timer write register C  (TWCU, $X0 —
TWCL)
Timer write register D  (TWDU, $X0 —
TWDL)
Octal counter 000 —_
AD A/D mode register (AMR) 00-0 Refer to description of A/D mode register
A/D data register (2328) $80 Refer to description of A/D data register
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Table 1 Initial Values After MCU Reset (cont)

Initiat
tem Abbr. Value Contents
LCD LCD control register (LCR) -000 Refer to description of LCD control register

LCD mode register (LMR) 0000 Refer to description of LCD duty-cycle/clock
control register

LCD output register 1 (LOR1) 0000 Sets R-port/LCD segment pins to R port mode
LCD output register 2  (LOR2) 0000
LCD output register 3  (LOR3) - 000

Bit registers Low speed on flag (LSON)
Watchdog timer on flag (WDON)
A/D start flag (ADSF)
Direct transfer on flag  (DTON)
Input capture status flag (ICSF)
Input capture error flag (ICEF) Refer to description of timer D

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

System clock select (SSR2 000 Refer to description of operating modes and
register bits 2-0 -SSRO) oscillation circuits

Bank register V) --00 Refer to description of RAM memory map

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

Refer to description of operating modes
Refer to description of timer C

Refer to description of A/D converter
Refer to description of operating modes
Refer to description of timer D

o|jlo|lo|o|O|C

Status After Cancel- Status After Cancel-
lation of Stop Mode lation of Stop Mode Status After all Other

tem Abbr. by STOPC Input by MCU Reset Types of Reset

Carry flag (CA) Pre-stop-mode values are not guaranteed; Pre-MCU-reset values
values must be initialized by program are not guaranteed; val-

Accumutator (A) ues must be initialized by

B register (B) program

W register (W)

X/SPX register (X/SPX)
Y/SPY register (Y/SPY)
Serial data register (SRL, SRU)

RAM Pre-stop-mode values are retained

RAM enable flag (RAME) 1 0 0
Port mode (PMRC2) Pre-stop-mode 0

register C bit 2 values are retained

System clock (SSR3)

select register bit 3
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Table 2 Vector Addresses and Interrupt Priorities
Reset/Interrupt Priority Vector Address

RESET, STOPC* — $0000
NT, 1 $0002
INT, 2 $0004
Timer A 3 $0006
Timer B, INT, 4 $0008
Timer C, INT, 5 $000A
Timer D, INT, 6 $000C
A/D, Serial 7 $000E
Note: * The STOPC interrupt request is valid only in
stop mode.
$ 000,0 Sequence control
I IE } *» Push PC/CA/ST
>__ * Reset IE
* Jump to vector
$ 000,2 {) address
iNTg interrupt W '[- andiy
$ 000.3 g » Vector
m » address
Priority control logic
$0010
INT] interrupt m
s 1
$001,2
Timer A interrupt
$o013 )
$ 002,0 $0220
Timer B interrupt INT,, interrupt
$ 002, 1 o S 1
$ 0222
Timer C Interrupt m INT, interrupt
$023,0
Timer D interrupt m INT, interrupt
$0232
A/D Interrupt Serial interrupt
b $0233

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

Figure 9 Interrupt Control Circuit
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Table 3 Interrupt Processing and Activation Conditions

Interrupt Source

Interrupt L L Timer Bor TimerCor TimerDor A/Dor
Control Bit INT, INT4 Timer A INT, INT, INT, Serlal
IE 1 1 1 1 1 1 1

IFO - IMO 1 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
+IF2: IM2

IFTC - IMTC * * * * 1 0 0
+IF3- IM3

IFTD - @ * * * * * 1 0

+ IF4- IM4

IFAD - IMAD * L * * * * 1

+ IFS- IMS

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

Instruction cycles

1 2 3 4 5 8

l I [l ] i ] ]
I | | 1 1 1 |

Instruction

execution*

Stacki
Interrupt l " ]
acceptance Vector add
I IE reset ] I generation
Execution of JMPL

instruction at vector address

Execution of
instruction at
start address
of interrupt

Note: * The stack is accessed and the IE reset after the instruction routine

is executed, even i it is a two-cycle instruction.

Figure 10 Interrupt Processing Sequence
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Power on

RESET y

Yes

No

Reset

MCuU

Interrupt

Yes

request?
No

No

Execute instruction

PC+(PC) + 1

L]

PC+$0002

Yes

PC+$0004

Yes

PC+$0006

Yes

PC+ $0008

PC+$000A

Yes

Yes

PC<$000C

Yes

PC <+ $000E

IE=17

Yes

Accept interrupt

:

IE<0
Stack « (PC)
Stack « (CA)
Stack < (ST)

iNTo
interrupt?

No

iNT;
interrupt?

No

Timer-A
interrupt?

No

mer-B/INT2
interrupt?

No

imer-C/INT3
interrupt

No

imer-D/INT¢
Interrupt?

No

(A/D, serial interrupt)
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Interrupt Enable Flag (1IE: $000, Bit 0): Controls
the entire interrupt process. It is reset by the inter-
rupt processing and set by the RTNI instruction, as
listed in table 4.

External Interrupts (INT,, INT{, INT,~INT;):
Five external interrupt signals.

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

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

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

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

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

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

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

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

Table 8 Timer A Interrupt Mask (IMTA:

$001, Bit 3)
Interrupt
IE Enabled/Disabled IMTA Interrupt Request
0 Disabled 0 Enabled
Enabled 1 Disabled (masked)

Table 5 External Interrupt Request Flags
(IF0-1F4: $000, $001, $022, $023)

IFO-IF4 Interrupt Request
0 No
1 Yes

Table 9 Timer B Interrupt Request Flag

(IFTB: $002, Bit 0)
IFTB Interrupt Request
0 No
1 Yes

Table 6 External Interrupt Masks (IM0-IM4:

Table 10 Timer B Interrupt Mask (IMTB:

$000, $001, $022, $023) $002, Bit 1)
IMO-1M4 interrupt Request IMTB Interrupt Request
0 Enabled 0 Enabled
1 Disabled (masked) 1 Disabled (masked)

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

IFTA Interrupt Request
0 No
1 Yes
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Detection edge selection register t (ESR1: $026)

Bit 3 2 1 0
intiatvave | 0 | o | o | o |
Read/Write w w w w
Bit name ESR13 ESR12 ESR11 ESR10
ESR13 | ESR12 INT3 detection edge ESR11 | ESR10 INT2 detection edge
0 0 No detaction 0 0 No detection
1 Falling-edge detection 1 Falling-edge detection
1 0 Rising-edge detection 1 0 Rising-edge detection
1 Double-edge detection* 1 Double-edge detection*

Note: * Both falling and rising edges are detected.

Figure 12 Detection Edge Selection Register 1 (ESR1)

Detection edge selection register 2 (ESR2: $027)

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

Note: * Both falling and rising edges are detected.

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

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

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

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

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

Serial Interrupt Mask (IMS: $023, Bit 3):
Prevents (masks) an interrupt request caused by the
serial interrupt request flag, as listed in table 16.

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

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

Table 11 Timer C Interrupt Request Flag

Table 15 Serial Interrupt Request Flag (IFS:

(IFTC: $002, Bit 2) $023, Bit 2)
IFTC Interrupt Request IFS Interrupt Request
0 No 0 No
1 Yes 1 Yes

Table 12 Timer C Interrupt Mask (IMTC:

Table 16 Serial Interrupt Mask (IMS: $023,

$002, Bit 3) Bit 3)
IMTC Interrupt Request Mask IMS Interrupt Request
0 Enabled 0 Enabled
1 Disabled (masked) 1 Disabled (masked)

Table 13 Timer D Interrupt Request Flag

Table 17 A/D Interrupt Request Flag (IFAD:

(IFTD: $003, Bit 0) $003, Bit 2)
IFTD Interrupt Request IFAD Interrupt Request
0 No 0 No
1 Yes 1 Yes

Table 14 Timer D Interrupt Mask (IMTD:

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

$003, Bit 1) Bit 3)
IMTD Interrupt Request IMAD Interrupt Request
0 Enabled 0 Enabled
1 Disabled {masked) 1 Disabled {masked)
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Operating Modes

The MCU has five operating modes as shown in  Active Mode: All MCU functions operate accord-
table 19. The operations in each mode are listed in  ing to the clock generated by the system oscillator
tables 20 and 21. Transitions between operating  OSC, and OSC,.

modes are shown in figure 14.

Table 19 Operating Modes and Clock Status

Mode Name
Active Standby Stop Watch Subactive*2

Activation RESET SBY STOP sTOP INT or timer A
method cancellation, instruction instruction Instruction interrupt request
interrupt when when from watch
request, TMA3 =0 TMA3 = 1 mode
STOFC
cancellation
in stop mode,
STOP/SBY
instruction in
subactive mode
(when direct
transfer is
selected)

Status  System
oscillator

Stopped Stopped Stopped

Subsystem ¥
oscillator ¥ i ; . .
Cancellation RESET input, RESET input, RESETinput, RESET input, RESET input,
method STOP/SBY interrupt STOPC input  INTyortimer A STOP/SBY
instruction request in stop mode interrupt instruction
request

Notes: #8 implies in operation.

1. Operating or stopping the oscillator can be sslected by setting bit 3 of the system clock select
register (SSR: $029).

2. Subactive mode is an optional function; spacify it on the function option list.
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Table 20 Operations in Low-Power Dissipation Modes

Function Stop Mode Watch Mode Standby Mode Subactive Mode*2
CcPU Reset Retained Retained
RAM Retained Retained Retained
Timer A Reset .
Timer B Reset

Timer C Reset Stopped

Timer D Reset Stopped

Serial interface Reset Stopped*?

A/D Reset Stopped

LCD Reset :

/o] Reset*! Retained Retained

Notes: SHNMM implies in operation.
Output pins are at high impedance.

Subactive mode is an optional function specified on the function option list.
Transmission/Reception is activated if a clock is input in external clock mode. However,

1.
2.
3.

4.

interrupts stop.

When a 32-kHz clock source is used.

Table 21 1/0 Status in Low-Power Dissipation Modes

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

of peripheral functions
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Reset by
RESET input or
h :
by watchdog timer Stop mode
| (TMA3 =0, SSR3 = 0) |
RAME =0 ¥y RAME =1 V| fosc:  Stop i
sTorc || fx: Oscillate | :
RESET1 | | RESET2 1 ocpy:  Stop :
E dcLK: Stop '
Pper:  Stop ;
Active
Standby modse mode 5
E-“' 1\ --------- y . (TMA,3=0.SSR3=1)§
{|fosc: Oscillate |!  ggy  i[fosc: Oscillate fosc:  Stop ;
o Oscillate [ H fy: Oscillate 1 fx: Stop :
gcpy: Stop | interrupt i | PRy’ feye E P cpu’ Stop ;
2okt fore ; = Pok fore ; ok Stop :
[ 2PeRt foe : [ Prert fore ; per’  Stop :
; | : (TMA3 =0) | T
5 ; Watch mode
; ; ; (TMA3 = 1) | | (TMAS = 1, LSON =0 ¢
‘[ fosc: Oscillate | [ tosc: Oscillate | T [ fosc:  Stop ;
e Oscillate |4 SBY o ix: Oscillate [ Iﬁi—op w fx: Oscillate |[:
i|2ceut Stop | | 2eput feye P L i eceur Stop E
ook tw : Interrupt w Pk tw : timer A" Hock tw :
(| 2peRt foye j [ #Per’ foye : #| 8per:  Stop ;
_ . o |
E fosc:  Main oscillation frequency | s . *2 :
N A . Subactive : !
tx: Subpscullatlon frequency | mode STOP | (TMA3 = 1, LSON = 1
. for time-base : - . - ;
lye: fosc/d | fo.sc. Stop " \ fo§c. Stop !
E fsus: fx/8 or fx/4 5 fx: ‘ Oscillate mTo‘ : fx: - Oscillate 2
f (software selectable) i | ®cpu fsue timerA*t _ i| #cpu: Stop :
Dfw: 18 P fo [ Pouc fw :
' ocpy:  System clock i | 2eer’ fsus :| 2per:Stop :
i 8ok Clock for time-base : T
' pper:  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)
mmmmmmommseosomeseessoooooseeooos ! 4. STOP/SBY (DTON = Don't care, LSON = 1)

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

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

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

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

Osclliator: Active
All other clocks: Stop

Peripheral clocks: Active

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

!

RESET = 1?

No
RESET = 17,

Yes

RAME = 1

next Instruction

Restart Restart
p clocks processor clocks
Execute
next instruction
Aeset MCU | | Execute

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

Stop mode is terminated by a RESET input or a
STOPC input as shown in figure 16. RESET or
STOPC must be applied for at least one tgc to sta-
bilize oscillation (refer to the AC Characteristics
section). When the MCU restarts after stop mode
is cancelled, all RAM contents before entering stop
mode are retained, but the accuracy of the contents
of the accumulator, B register, W register, X/SPX
register, Y/SPY register, carry flag, and serial data
register cannot be guaranteed.

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

LCD function operate, but other function opera-
tions stop. Therefore, the power dissipation in this
mode is the second least to stop mode, and this
mode is convenient when only clock display is
used. In this mode, the OSC; and OSC, oscillator
stops, but the X1 and X2 oscillator operates. The
MCU enters watch mode if the STOP instruction is
executed in active mode when TMA3 = 1, or if the
STOP or SBY instruction is executed in subactive
mode.

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

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

L. Stop mode |

|
or [IIIOOOL
Oscillator

I

Internal ﬂ H B
clock

QLLUUJJLMM

RESET )] S [
sToP b —
r }‘—*—‘-‘—tras—"l

STOP instruction execution

tres 2 tRe (Stabilization period)

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

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

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

Subactive mode is an optional function that the

user must specify on the function option list.

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

In watch and subactive modes, a timer-A/INT,
interrupt is generated synchronously with the inter-
rupt frame. An interrupt request is generated syn-
chronously with an interrupt strobe except during
transition to active mode. The falling edge of the
INT,, signal is input asynchronously with the inter-
rupt frame timing, but it is regarded as input syn-
chronously with the second interrupt strobe clock
after the falling edge. An overflow and interrupt
request in timer A is generated synchronously with
the interrupt strobe.

Active mode

Watch mode

Oscillation

stabilization period
l ¥ Active mode

Interrupt strobe

iNT,

{

Interrupt request

generation

(During the transition
from watch mode to

active mode only)

T:  Interrupt frame length
tre : Oscillation stabilization period

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

* Set LSON to 0 and DTON to 1 in subactive
mode.

» Execute the STOP or SBY instruction.

» The MCU automatically enters active mode

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

Notes: 1. The DTON flag ($020, bit 3) can be set
only in subactive mode. It is always
reset in active mode.

The transition time (Tp) from subactive
mode to active mode:
tRC<TD<T+tRC

Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
Initial value I 0 l 0 | 0 | 0 ]
Read/Write w w W w
Bit name MIS3 MIS2 MIS1 MISO
MIS3 MIS2 MISt MISO ™ tre*! Oscillation circuit conditions
Buffer control. 0 0 0.24414 ms|0.12207 ms | External clock input
Refer to figure 41. 0.24414 ms*2
0 1 15.625 ms (7.8126 ms Ceramic oscillator
1 0 62.5 ms 31.25ms
1 1 Not used —

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

Figure 18 Miscellaneous Register (MIS)

STOP/SBY instruction execution Oscillation

MCU internal stabilization

Subactive mode 4 processing period | time Active mode

: 4

(SetLSON = 0, DTON = 1)

Interrupt strobe

PR

Direct transfer
completion timing

it

T

v
[ '

N SUT

T:  Interrupt frame length
tpe: Oscillation stabilization period

Figure 19 Direct Transition Timing
910 Hitachi



HD404829 Series

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

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

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

«D

RESET=17?

Yes

RAME =0

Reset MCU

i MCU
! operation
! cycle

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

Instruction
execution

Yes

1

! Low-power mode | PC « Next
1 operation cycle ' location

1

PC « Vector
address

IF:
IM:
IE:

PC:
CA:
ST:

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

Status flag

Figure 21 MCU Operating Sequence (MCU Operation Cycle)
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Low-power mode
operation cycle

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

MCU operation
cycle

For IF and IM operation, refer to figure 15.

Figure 22 MCU Operating Sequence (Low-Power Mode Operation)
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Notes: 1. LCD display off in watch or subactive

mode.

If the HD404829/HD4(074829 is to be
used with the LCD display off in watch
mode or subactive mode, execute the
following operations before the MCU
enters watch mode (i.e., before the
STOP instruction is executed).

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

When the MCU enters active mode
again from watch or subactive mode,
execute the following operations.

First: Load appropriate value in
LMR for active mode

Second: Load appropriate value in
LCR for active mode

These operations are shown in
figure 23.

: Set
LMR } appropriate
LCR values for

: active mode

Initialization routine

-]
l

LCR'- $0 Include these
LMR = $3 operations

Main routine

STOP instruction

Watch mode [

Or transition to
subactive mode

v
After the MCU enters active mode again

: Set
LMR appropriate
LCR values for

: active mode

INT, or timer A
interrupt processing
routine

Figure 23 Programming Flowchart (LCD Display Off in Watch or Subactive Mode)
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Notes: 2. When the MCU is in watch mode or
subactive mode, if the high level period
before the falling edge of INT is short-
er than the interrupt frame, INT; is not
detected. Also, if the low level period
after the falling edge of INT, is shorter
than the interrupt frame, TNT, is not
detected.

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

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

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

falling edge is detected.
INT, :
Sampling T

High

Low

Low

Figure 24 Edge Detection

INTo

1
W B

frame A:Low B: Low

(a) High level period

Interrupt

frame

|

A: High B: High

{b) Low level period

Figure 25 Sampling Example
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Internal Oscillator Circuit

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

set according to the frequency of the oscillator
connected to OSC; and OSC, (figure 27).

Note: If the system clock select register (SSR:
$029) setting does not match the oscillator
frequency, subsystems using the 32.768-kHz
oscillation will malfunction.

LSON
I
0SC, @— System [losc| 14 | fe | Timing gcpy g’;a‘”""ino”"
osclllator[ | division generator| ] i é':g:t"/’g'
circuit | Y [ circult System ags,
osc, (DH clock
selection
PPER Peripheral
function
interrupt
b fsus
X1 @— Sub- [P*|1/80r 1/4 Timing [
system division |tsubcyc [generator
oscillator circuit * circuit
e @ o
I
_*Tlme-basel_—
clock |ecix
1/8 Timing selection 1?::;2]?!0
division | ty [|generator
= circuit circuit
thyc
Note: * 1/8 or 1/4 division ratio can be selected by setting bit 2 of the system
clock select register (SSR: $029).

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

Bit 3 2 1 0
mtatvave | 0 | o [ o | — |
Read/Write w w w —_
Bit name SSR3* SSR2  SSR1 Notused
SSR3 | 32-kHz oscillation stop System clock selection
0 Oscillation operates in stop mode SSR1 With 32-kHz | Without 32-kHz
_ : oscillator oscillator
1 Oscillation stops in stop mode
0 04-10MHz | 0.4-4.0MHz
32-kHz oscillation division ! 1.6 - 4.0 MHz
SSR2 | ratio selection
0 fsus = fx/8
1 fsup = fx/4

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

Figure 27 System Clock Select Register (SSR)

Do ]
GND

X2

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

Circuit Configuration Circuit Constants
External clock operation
External | |
oscitiator | | 95C
Open —— OSC,

Ceramic oscillator
(OSC,, OSCy)

Cy

Ceramic oscillator: CSB400P22
(Murata), CSB400P (Murata)

Ri =1 MQ + 20%

C; =Cp =220 pF + 5%

1
11
Ceramic :'Iz'.
oscillator

+—
7 Ca
GND

08C, Ceramic oscillator: CSB800J122
(Murata), CSB800J {Murata)

Ry Ry =1 MQ £ 20%

0sc, Ci=Cy=220 pF £ 5%

Ceramic oscillator: CSA2.00MG
(Murata)

Ry =1 MQ t 20%

C; =C, =30 pF £ 20%

Ceramic oscillator: CSA4.00MG
(Murata)

Ry =1 MQ 1 20%

Cy= Ca = 30 pF £ 20%

Crystal oscillator C,
(X1, X2)

Crystal 2

Ca

GND
L

X1 =—e

W W

—— Crystal: 32.768 kHz: MX38T (Nippon
X1 Denpa)

Cy =Cy=20pF £ 20%

RsZ 14 kQ

Co: 1.5pF

Cs Rg

+— X2

14
11
o]

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

cuit parameters.

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

The MCU has 42 input/output pins (Dg-Dy, and port or peripheral function selection for mul-
ROg—-R74) and two input pins (Dyq, Dy;). The fea- tiplexed pins are set by software.

tures are described below. * Peripheral function output pins are CMOS out-

put pins. Only the R23/SO pin can be set to

* Ten pins (Dg—Dy) are high-current input/output NMOS open-drain output by software.

pins. + In stop mode, the MCU is reset, and therefore
* The Djq, Dy;, and ROg-R7; input/output pins are peripheral function selection is cancelled.

multiplexed with peripheral function pins such Input/output pins are in the high-impedance state.

as for the timers or serial interface. For these . Each input/output pin has a built-in pull-up

pins, the peripheral function setting is done prior MOS, which can be individually turned on or off

to the D or R port setting. Therefore, when a by software.

peripheral function is selected for a pin, the pin

function and input/output selection are automati- /O buffer configuration is shown in figure 29, pro-

cally switched according to the setting. grammable 1/O circuits are listed in table 23, and
« Input or output selection for input/output pins I/O pin circuit types are shown in table 24.

Table 23 Programmable I/O Circuits

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

Buffer control signal
(T3 (I meoem)

Output data
m id POR
—’_D Input data

Input control signai

Figure 29 1/0 Buffer Configuration

919 Hitachi



HD404829 Series

D Port (Dg—Dyy): Consist of ten input/output pins
and two input pins addressed by one bit. Dy-Dyg
are high-current I/O pins, and D, and D, are
input-only pins.

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

The on/off statuses of the output buffers are con-
trolled by D-port data control registers
(DCD0O-DCD2: $02C-3$02E) that are mapped to
memory addresses (figure 30).

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

R Ports (R0g—-R73): 32 input/output pins
addressed in 4-bit units. Data is input to these
ports by the LAR and LBR instructions, and output
from them by the LRA and LRB instructions. Out-
put data is stored in the port data register (PDR)
for each pin. The on/off statuses of the output
buffers of the R ports are controlled by R-port data
control registers (DCRO-DCR7: $030-$037) that
are mapped to memory addresses (figure 30).

Pins ROg—R0; are multiplexed with peripheral pins
INT,|-INTy, respectively. The peripheral function
modes of these pins are selected by bits 0-3
(PMRBO-PMRB3) of port mode register B

(PMRB: $024) (figure 32).

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

Pins R1; and R2, are multiplexed with peripheral
pins EVNB and EVND, respectively. The periph-
eral function modes of these pins are selected by
bits 0 and 1 (PMRCO, PMRC1) of port mode regis-
ter C (PMRC: $025) (figure 31).

Pins R2;—R25 are multiplexed with peripheral pins
SCK, S1, and SO, respectively. The peripheral
function modes of these pins are selected by bit 3
(SMRA3) of serial mode register A (SMRA:
$005), and bits 0 and 1 (PMRAO, PMRAT1) of port
mode register A (PMRA: $004), as shown in
figures 36 and 37.

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

Ports R5-R7 are multiplexed with segment pins
SEG9-SEG20, respectively. The function modes
of these pins can be selected in 4-pin units by set-
ting LCD output register 3 (LOR3: $01F)
(figure 40).

Table 24 Circuit Configurations of I/0 Pins

/O Pin Type Circuit Pins
Input/output pins [ALT] Do-Dg
Vee Pull-up controf signal R0,—R0,
é cc ?aﬁg{ control (MIS3] R1,-R1,
I
(1] oco,DCR]  Heo A2
outouta R3,-R3,
l—o@‘ utput data PR R4g-Rd,
R5,—R5,
Input data R6,-R63
D R7,-R7,

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

VO Pin Type Clreutt Pins
Input/output pins T R2;
Vee Pull-up control signal
Vee Buffer control M3}
signal
DCR
@— MIS2
Output data PDR
—rD’M
Input control signal
Input pins S B Input data Dio. Dyy
Input control signal
Peripheral Input/output Speind SCK
function pins Vee Pull-up control signal
pins Vee {MIS3]
_°<]J Outputdata <
Input data SCK
Output pins nzind SO
Pull- trol signal
ull-up control signal @]
0<] PMOS control
signal (WiS2]
Outputdata O
T TOB, TOC, TOD
Puli-up control signal s3]
—oQ—I Ouputdata o8, Toc, TOD
Input pins Input data . INT,. STOPC
To pins
SI INT,, INT,,
INT3, INT,, EVNB,
{HLT] EVND
{MIS3]
PDR]|
S, etc.

Notes: 1. The MCU is reset in stop mode, and peripheral function selection is cancelled. The HLT signal
becomes low, and input/output pins enter high-impedance state.
2. The HLT signal is 1 in watch and subactive modes.
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Data control register (DCDO to 2: $02C to $02E)

(DCRO to 7: $030 to $037)

DCDO, DCD1
Bit 3 2 1 0
Initial value [ 0 l 0 l 0 | 0 I
Read/Write w w w w
Bit name DCDO03, DCD02, DCD01, DCDOO,
DCD13 DCD12 DCDt1 DCD10
DCD2
Bit 3 2 1 0
Initial value | — l —_ I 0 | 0 |
Read/Write — — w w
Bit name Not used Notused DCD21 DCD20
DCRO to DCR?7
Bit 3 2 1 0
ritalvave | 0 | o | o | o |
Read/Write w w w w
Bit name DCR03- DCR02- DCR0O1- DCROO-
DCR73 DCR72 DCR71 DCR70
All Bits CMOS Butter On/Off Selection
0 Off (high-impedance)
1 On
Correspondence between ports and DCD/DCR bits
Register Name Bit3 Bit2 Bit1 Bit0
DCDo D, D, 0, Do
DCD1 D, D¢ Dg D4
DCD2 — — Dg Dg
DCRO RO, RO, RO, RO,
DCR1 R1, R1, R, R1,
DCR2 R2;5 R2, R2, R2,
DCR3 R3; R3, R3, R3,
DCR4 R4, R4, R4, R4,
DCR5 RS, R5, RS, RSy
DCR6 R6, R6; R6, R6g
DCR? R7, R7, R7, R7;

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

Bit 3 2 1 0o .
ntalvave | 0o | o | o | o |
Read/Write W W w w
Bit name PMRC3 PMRC2* PMRC1 PMRCO
PMRC3 | Dy4/INT, mode selection PMRCO | R13/EVNB mode selection
0 D1y 0 Ri3
1 INTo 1 EVNB
PMRC2 | D;o/STOPC mode selection PMRC1 R2y/EVND mode selection
0 Do 0 R2o
1 STOPC 1 EVND

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

Figure 31 Port Mode Register C (PMRC)

Port mode register B (PMRB: $024)

Bit 3 2 1 0
Initial value [ 0 [ 0 ’ 0 0 l
Read/Write w w w w
Bit name PMRB3 PMRB2 PMRB1 PMRBO
PMRB3 | ROy/INT, mode selection PMRBO | ROyINT; mode selection
0 RO;3 0 ROg
1 INT, 1 INT,
PMRB2 [ RO2/INT3 mode selsction PMRB1 RO4/INT2 mode selection
0 RO2 0 RO
1 INT3 1 INT2

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

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

Bit name Not used Notused TMB21 TMB20

TMB21 | TMB20 R1¢/TOB mode selection
0 0 Rig R1o port
1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

Figure 33 Timer Mode Register B2 (TMB2)

Timer mode register C2 (TMC2: $014)

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

Bit name Notused TMC22 TMC21 TMC20

TMC22 | TMC21 | TMC20 | R14/TOC mode selection
0 0 0 R1, R1, pont
1 TOC Toggle output
1 0 TOC 0 output
1 TOC 1 output
1 0 ] — Inhibited
1
1 0
1 TOC PWM output

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

Bit 3 2 1 0
Initial value ! 0 | 0 l 0 l 0 ‘
Read/Write RW RW RW RW
Bit name TMD23 TMD22 TMD21 TMD20
TMD23 | TMD22 | TMD21 | TMD20 | R1,2/TOD mode selection
0 0 0 0 R12 R1; port
1 TOD Toggle output
1 0 TOD 0 output
1 TOD 1 output
1 0 0 —_ Inhibited
1
1 0
1 TOD PWM output
1 X X X Riz Input capture (R12 port)

X : Don't care

Figure 35 Timer Mode Register D2 (TMD?2)

Port mode register A (PMRA: $004)

Bit 3 2 1 0

Initial value l — I - I 0 ] 0 |

Read/Write —_ — w w

Bit name Not used Not used PMRA1 PMRAO

PMRA1 [ R2,/SI modse selection PMRAO [ R24/SO mods selection
0 R2; 0 R23
1 Si 1 SO

Figure 36 Port Mode Register A (PMRA)
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Serlal mode register A (SMRA: $005)

Bit 3 2 1 0
ntiaivave | 0 | o | o | o |
Read/Write w w w w
Bit name SMRA3 SMRA2 SMRA1 SMRAOQ
R2/SCK o Froscaler
SMRA3 | mode selection SMRA2 | SMRA1 | SMRAO | SCK | Clock source | rato
0 R2, 0 0 0 Output | Prescaler +2048
1 §CK 1 Output | Prescaler +512
1 0 |Output | Prescaler +128
1 Output | Prescaler +32
1 0 0 Output | Prescaler +8
1 Output | Prescaler +2
1 0 Output | System clock | —
1 Input | External clock | —

Figure 37 Serial Mode Register A (SMRA)

LCD output register 1 (LOR1: $01D)

Bit 3 2 1 0
ntiatvave | 0 | o | o | o |
Read/Write w W w w
Bit name LOR13 LORt12 LOR11 LOR10
LOR13 | R3y/SEG4 mode selection LOR11 [ R3,/SEG2 mode selection
0 R33 0 R34
1 SEG4 1 SEG2
LOR12 | R32/SEG3 mode selection LOR10 | R3¢/SEG1 mode selection
0 R3; 0 R3g
1 SEG3 1 SEGH1

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

Bit 3 2 1 0
nalvaie | 0 | o | o | o |
Read/Write w w w w
Btname  LOR23 LOR22 LOR21 LOR20
LOR23 | R4y/SEGS mode selection | | LOR21 | R4,/SEGS mode selection
o | R4 o | ms
1| secs 1| sees
LOR22 | R4ySEG7 mode selection | | LOR20 | Ré4ySEG6 mode selection
o | Re o | R4
1| sea7 1| secs

Figure 39 LCD Output Register 2 (LOR2)

LCD output register 3 (LOR3: $01F)

Bit 3 2 1 0
itiatvawe | — | o | o | o |
Read/Write - w w W
Bit name Notused LOR32 LOR31 LOR30
LOR32 | R7/SEG17-SEG20 mode selection LOR31 | R6/SEG13-SEG16 mode selection
0 R7 0 R6
1 SEG17-SEG20 1 SEG13-SEG16
LOR30 | R&SEG9-SEG12 mode selection
0 R5
1 SEG9-SEG12

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

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

How to Deal with Unused 1/0 Pins: 1/0 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 Vee by their pull-up MOS transistors or by
resistors of about 100 kQ.

Miscellaneous register (MIS: $00C)

Bit 3 2 1 0
nitaivave | 0 | o | o | o |
Read/Write w w w w
Bit name MIS3 MIS2 MIS1 MISO
CMOS buffer
Pull-up MOS on/off selection
MIS3 on/off selection MIS2 for pm R23/SO MIS1 MISO
0 ott 0 On trc selection.
Refer to figure 18 in the
1 On 1 Oft operation modes section.

Figure 41 Miscellaneous Register (MIS)
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Prescalers

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

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

Prescaler Operation

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

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

Table 25 Prescaler Operating Conditions

Prescaler Input Clock Reset Conditions Stop Conditions
Prescaler S System clock (in active MCU reset MCU reset,
and standby mode), stop mode,
subsystem clock (in subactive watch mode
mode)
Prascaler W 32-kHz crystal oscillation MCU reset, software MCU reset,
stop mode
LCD
Subsystem fx/8
clock Prescaler W % Timer A
fx/4 or {x/8 E:; Timer B
——> TimerC
System —™ Clock
clock selector =|  PrescalerS > TimerD
—> serial

Figure 42 Prescaler Output Supply
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Timers

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

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

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

Timer A

Timer A Functions: Timer A has the following
functions.

+ Free-running timer
*» Clock time-base

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

Timer A Operations:

+ Free-running timer operation: The input clock
for timer A is selected by timer mode register A
(TMA: 5008).

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

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

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

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

Table 26 Timer Functions

Functions Timer A Timer B Timer C Timer D
Clock Prescaler S Available Available Available Available
source Prescaler W Available — — -
External event — Available — Available
Timer Free-running Available Available Available Available
functions 3,6 pase Avallable - — —
Event counter — Available - Available
Reload —_ Available Available Available
Watchdog - - Available -
Input capture — —_ - Available
Timer Toggle — Available Available Available
outpUts g gutput — Available Available Available
1 output — Available Available Avalilable
PWM - — Available Available
Note: — implies not available.
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32.768-kHz fw |Prescaler W Timer A u;nf?rrupt N
oscillator—m 172 (PSW) request flag
Weyc (IFTA)
W
2 tw %
1/2 tWeye }
\ Selector far
5 |Clock| Timer @
3 counter A |— 3
3 (TCA) Overflow g
E
/ Selector \v—\ %
I -
|
N
?:f%?[? %E[ )
Syst 9PER L+ - /
cek | —————=| PrescalerS (PSS) ] 3 H}
Timer mode
register A <_—_
(TMA)
N

Figure 43 Block Diagram of Timer A

931 Hitachi



HD404829 Series

Timer mode register A (TMA: $008)

Bit 3 2 1 0
Initial value | 0 l 0 | 0 l 0 ]
Read/Write w w W w

Bit name TMA3 TMA2  TMA1 TMAO

Source Input clock
TMA3(TMA2 | TMA1| TMAGQ | prescaler | frequency |Operating mode

0 0 0 0 | PSS 2048t,c | Timer A mode
1 | PSS 1024ty
1 0 PSS 512eyc
1 | PSS 12810y
1 o | o | Pss 32teye

1 PSS Bteyc

1 0 PSS Ateye

1 | PSS 2loye

1 0 0 0 PSW 32tweye | Time-base
1 | PSW 16tweye mode

1 0 PSW 8tweye

1 PSW 2weye

1 0 0 | PSW 1/2tweye
1 Inhibited

1 X PSW and TCA reset

X : Don't care

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

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

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

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

Figure 44 Timer Mode Register A (TMA)
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Timer B

Timer B Functions: Timer B has the following
functions.

*» Free-running/reload timer
« External event counter
« Timer output operation (toggle, 0, and 1 outputs)

The block diagram of timer B is shown in
figure 45.

Timer B Operations:

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

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

The overflow sets the timer B interrupt request
flag (IFTB: $003, bit 0). IFTB is reset by soft-
ware or MCU reset. Refer to figure 3 and table
1 for details.

« External event counter operation: Timer B is
used as an external event counter by selecting
external event input as the input clock source. In
this case, pin R1;/EVNB must be set to EVNB
by port mode register C (PMRC: $025).

Timer B is incremented by one at each falling
edge of signals input to pin EVNB. Other opera-
tions are basically the same as the free-
running/reload timer operation.

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

Toggle
0 output
1 output

By selecting the timer output mode, pin
R1o/TOB is set to TOB. The output from TOB
is reset low by MCU reset.

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

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

— 1 output: When 1 output mode is selected,
the output level is set high if a clock is input
after timer B has reached $FF. Note that this
function must be used only when the output
level is low.
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<:) Timer output
TOB control logic

Timer B interrupt

request flag /\

(IFTB)

Timer output control )

Y

Timer read register BU (TRBU)

Timer read
register BL|
(TRBL)

N

Clock

y

/ Selector

b
EVNB@—r Nse‘ﬁ g
Q| < | 0| M|+ W) ~N

System %PER & ¢ [ 4] ][] #

clock Prescaler S (PSS)

AN TimQ write r

Timer counter B
(TCB) Overflow

register BU
(TWBU) \ 1

Timer write
register BL C
(TWBL)

Internal data bus

Free-running/
Reload controi

Vi

7

3 111

Timer mode

register B1 C
(TMB1)

Edge detection control
£
7
2 1
Timer mode
register B2 Q
(TMB2)

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

Free-running timer

256 clock cycles 256 clock cycles

Reload timer

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

(b) PWM output waveform (timers C and D)

Tx{N+1)
e
TMC13=a

TMD13 =0
(free-running selection)

le——————»]
T x 256
T Lok

o
L

TMC13 =1
TMD13 =1
(reload selection)

D T
T x (256 — N)

Note: The waveform is always fixed low when N = $FF.
T: Input clock period to counter (figures 47, 55 and 63)
N: The value of the timer write register

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

Timer mode register B1 (TMB1: $009)

Timer mode register B2 (TMB2: $013)

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

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

» Timer mode register B1 (TMB1: $009). Four-

bit write-only register that selects the free-run-
ning/reload timer function, input clock source,
and the prescaler division ratio as shown in
figure 47. Itis reset to $0 by MCU reset.

Writing to this register is valid from the second
instruction execution cycle after the execution of
the previous timer mode register Bl write
instruction. Setting timer B’s initialization value

Port mode register C (PMRC: $025) by wriling to timer write register B (TWBL.:
$00A, TWBU: $00B) must be done after a mode
change becomes valid.

Timer mode register B1 (TMB1: $009)

Bt . 3 2 1 0
mtalvave | 0 | o | o | o |
Read/Write w w w w
Bit name TMB13 TMB12 TMB11 TMB10
Free-running/reload Input clock period and input
TMB13 | timer selection TMB12 | TMB11 | TMB10 | clock source
0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 512ty
1 0 128teye
1 32teye
1 0 0 Bley
1 dteye
1 0 2leye
1 R1z/EVNB (external event input)

Figure 47 Timer Mode Register B1 (TMB1)

Timer mode register B2 (TMB2: $013)

Bit 3 2 1 0
Initial value i — I — | 0 | 0 | TMB21 | TMB20 | R1y/TOB mode selection
Read/Write — — RW RW 0 0 R1o R1g port
Bit name Not used Notused TMB21 TMB20 1 TOB Toggle output
1 0 TOB 0 output
1 TOB 1 output

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

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

Timer B is initialized by writing to timer write
register B (TWBL: $00A, TWBU: $00B). In
this case, the lower digit (TWBL) must be writ-
ten to first, but writing only to the lower digit
does not change the timer B value. Timer B is
initialized to the value in timer write register B
at the same time the upper digit (TWBU) is writ-
ten to. When timer write register B is written to
again and if the lower digit value needs no

change, writing only to the upper digit initializes
timer B.

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

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

Port mode register C (PMRC: $025): Write-only
register that selects R13/EVNB pin function as
shown in figure 53. It is reset to $0 by MCU
reset.

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

Bit 3 2 1
niialvae | 0 | o | o | o |
Read/Write w W W
Bit name TWBL3 TWBL2 TWBL1 TWBLO

Figure 49 Timer Write Register B Lower Digit (TWBL)

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

Bit 3 2 1

Initial value IUndeﬁnedl Undeﬁnedl UndeﬁnedlUndeﬁnedl
Read/Write w w w

Bit name TWBU3 TwBU2 TWBU1

TWBUO

Figure 50 Timer Write Register B Upper Digit (TWBU)
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Timer read register B (lower digit) (TRBL: $00A)

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

Bit name TRBL3 TRBL2 TRBLI TRBLO

Figure 51 Timer Read Register B Lower Digit (TRBL)

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

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

Bit name TRBUZ TRBU2 TRBU1 TRBUO

Figure 52 Timer Read Register B Upper Digit (TRBU)

Port mode register C (PMRC: $025)

Bit 3 2 1 0
ntialvave | 0 | o | o | o |
Read/Write w w w w
Bit name PMRC3 PMRC2 PMRC1 PMRCO
PMRC3 | D;/INTo mode selection PMRC1 [ R2¢/EVND mode selection
0 D14 0 R2q
1 INT, 1 EVND
PMRC2 | D1o/STOPC mode selection PMRCO | R1y/EVNB mode selection
0 Do 0 Ri3
1 STOPC 1 EVNB

Figure 53 Port Mode Register C (PMRC)
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Timer C

Timer C Functions: Timer C has the following
functions.

¢ Free-running/reload timer

¢ Watchdog timer

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

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

Timer C Operations:

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

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

The overflow sets the timer C interrupt request
flag (IFTC: $003, bit 0). IFTC is reset by soft-
ware or MCU reset. Refer to figure 3 and table
1 for details.

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

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

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

Toggle

0 output

1 output
PWM output

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

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

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

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

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

939 Hitachi




HD404829 Series

System Timer C interrupt
reset signal request flag
‘T (IFTC)
Watchdog on | | Watchdog timer 3
flag (WDON) control logic
VAN
Timer output
TOC (:) control logic
Timer read register CU (TRCU)
Timer output 7
control
Timer read
register CL D
(TRCL)
Clock O
Timer counter C
TCC
e (reo) Overflow
0 3
/ Selecmr—\v— Timer write ]
\ WW) register CUC____ 8
. 3 (TWCU) - - ®
oDV Y S Timer w?:tt £
TR R R S Ainni register CLK €
Sys(em oPER 1 T ? AR RIS ;:R(ele mdnmng ' (TWCL) £
clook | —™1_Prescaler S (PSS) | eload contro
"3 111
Timer mode|
register C1
"3

Figure 54 Block Diagram of Timer C
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+ Timer mode register C1 (TMC1: $00D): Four-
bit write-only register that selects the free-run-
ning/reload timer function, input clock source,

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

Timer mode register C1 (TMC1: $00D)

Timer mode register C2 (TMC2: $014)

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

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

and prescaler division ratio as shown in
figure 55. It is reset to $0 by MCU reset.

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

Timer mode register C1 (TMC1: $00D)
Bit 3 2 1 0
naivawe | o | o | o | o |
Read/Write W W W w
Bit name TMC13 TMC12 TMCt1 TMC10
TMC13 | Free-running/reload timer selection | | TMC12 | TMC11 | TMC10 | Input clock period
0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 10241tcyc
1 0 512tyc
1 1281gyc
1 0 0 32ty
1 8teye
1 0 dtoyc
1 2tcyc

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

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

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

Timer mode register C2 (TMC2: $014)

Bit 3 2 1 0
mtaivawe | — | o [ o | o |
Read/Write — RW AW RW
Bit name Notused TMC22 TMC21 TMC20
TMC22 | TMC21 | TMC20 | R14/TOC mode selection
0 o 0 R14 Rty port
1 TOC Toggie output
1 0 TOC 0 output
1 TOC 1 output
1 0 0 _ Inhibited
1
1 0
1 TOC | PWM output

Figure 56 Timer Mode Register C2 (TMC2)
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Timer write register C (lower digit) (TWCL: $00E)

Bit 3 2 1 0
ntialvaie | 0 | o | o | o |
Read/Write w w w w
Bit name TWCL3 TWCLZ TWCL! TWCLO

Figure 57 Timer Write Register C Lower Digit (TWCL)

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

Bit 3 2 1 0
Initial value [Undefined| Undefined|Undefined| Undefined|
Read/Write w w w w
Bit name TWCU3 TWCL2 TWCU1 TWCUO

Figure 58 Timer Write Register C Upper Digit (TWCU)

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

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

Bit name TRCL3 TRCL2 TRCLY1 TRCLO

Figure 59 Timer Read Register C Lower Digit (TRCL)

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

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

Bit name TRCU3 TRCU2 TRCU1 TRCWO

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

Timer D Functions: Timer D has the following
functions.

* Free-running/reload timer

+ External event counter

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

+ Input capture timer

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

Timer D Operations:

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

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

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

External event counter operation: Timer D is
used as an external event counter by selecting
the external event input as an input clock source.
In this case, pin R2/EVND must be set to
EVND by port mode register C (PMRC: $025).

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

Timer D is incremented by one at each detection
edge selected by detection edge select register 2

(ESR2: $027). Other operations are basically
the same as the free-runningfreload timer opera-
tion.

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

Toggle

0 output

1 output
PWM output

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

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

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

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

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

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

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

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

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

[
0D @7 Timer outpyt - a
oontrql logic Timer read

register DU (TRDU)

Timer output
control

Timer read
register DL
(TRDL)

Clock O
*1 Timer counter D

— (TCD) | Overtlow
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/ ___ Selector Ny Timer write ,
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Reload control
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K 111
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Figure 61 Block Diagram of Timer D (Free-Running/Reload Timer)
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Input capture Input capture - -
status flag (ICSF)| | error flag (ICEF) Timer D interrupt
4 request flag (IFTD)
L Error i
control |
logic VAN
Timer read
register DU >
(TRDU)
Timer read
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(TRDL)
EVND
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Figure 62 Block Diagram of Timer D (Input Capture Timer)
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Registers for Timer D Operation: By using the
following registers, timer D operation modes are
selected and the timer D count is read and written.

ning/reload timer function, input clock source,
and the prescaler division ratio as shown in

Timer mode register D1 (TMD1: $010)

Timer mode register D2 (TMD2: $015)

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

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

Port mode register C (PMRC: $025)

figure 63. It is reset to $0 by MCU reset.

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

Detection edge select register 2 (ESR2: $027)
When selecting the input capture timer opera-

tion, select the internal clock as the input clock
source.

+ Timer mode register D1 (TMD1: $010): Four-
bit write-only register that selects the free-run-

Timer mode register D1 (TMD1: $010)

Bit 3 2 1 0
ntialvave | 0 | o | o | o |
Read/Write w w W w
Bit name TMD13 TMD12 TMD11 TMD10
Input clock period and
TMD13 | Free-running/reload timer selection | | TMD12 | TMD11 | TMD10 | input clock source
0 Free-running timer 0 0 0 2048tcyc
1 Reload timer 1 512teyc
1 0 128ty
1 32teye
1 0 0 8teye
1 Aeye
1 0 2eye
1 R2,EVND (external
event input)

Figure 63 Timer Mode Register D1 (TMD1)
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Timer mode register D2 (TMD2: $015): Four-
bit read/write register that selects the timer D
output mode and input capture operation as
shown in figure 64. It is reset to $0 by MCU
reset.

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

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

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

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

Port mode register C (PMRC: $025); Write-only
register that selects R2o/EVND pin function as
shown in figure 53. It is reset to $0 by MCU
reset.

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

Timer mode reglster D2 (TMD2: $015)

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

X : Don't care

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

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

Bit name TWDL3 TwDL2 TWDL1 TWDLO

Figure 65 Timer Write Register D Lower Digit (TWDL)

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

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

Figure 66 Timer Write Register D Upper Digit (TWDU)

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

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

Bit name TRDL3 TRDL2 TRDL1 TRDLO

Figure 67 Timer Read Register D Lower Digit (TRDL)

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

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

Bit name TRDU3 TRDU2 TRDUt TRDUO

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

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

Note: * Both falling and rising edges are detected.

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

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

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

Table 27 PWM Output Following Update of Timer Write Register

PWM Output
Timer Write Register is Updated Timer Write Register Is Updated
Mode during High PWM Output during Low PWM Output
Free Timer writ Timer write
B imer write K wr

funning register register
updatedto  Interrupt updated to Interrupt
value N request value N request

|

——————

Tx(N +1

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

Reload

Timer write

register

updatedto  Interrupt
valve N request

)

T Tx(5-N)| T

_ = ~

Timer write

register

updated to Iinterrupt
value N request

951 Hitachi




HD404829 Series

Serial Interface

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

» Multiple transmit clock sources
—External clock
—Internal prescaler output clock
—System clock

* Output level control in idle states

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

Port mode register A (PMRA: $004)
Miscellaneous register (MIS: $00C)

Octal counter (OC)

Selector

The block diagram of the serial interface is shown

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

figure 70.

Octal

\J

counter (OC) (IFS)

Serial interrupt N\
request flag

ldle

controller |

e} Clock

controller

!

Serial data
register (SR) <>

? 1

@?%’I(?

Transfer

— 172 4[ 12 -

control
signal

Internal bus line

Selector

+2,048

[<=1K4']
RS
ik ¥+

PPER
Sé?:;? Prescaler S (PSS)

<

1

Serial mode

registerA K|

(SMRA)

1
Serial mode
register B K
(SMRB) N

Figure 70 Serial Interface Block Diagram
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Serial Interface Operation

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

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

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

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

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

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

When the prescaler output is selected as the trans-
mit clock, the transmit clock frequency is selected
as 4ty 10 8,1921¢y by setting bits 0 to 2 (SMRAO-
SMRA?2) of serial mode register A (SMRA: $005)

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

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

STS wait state

Transmit clock wait state

Transfer state

Continuous clock output state (only in internal
clock mode)

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

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

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

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

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

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

When bits 0 and 1 (PMRAO, PMRAL1) of port
mode register A (PMRA: $004) are 00 in trans-
mit clock wait state and if the transmit clock is
input (17), the serial interface enters continuous

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

Output Level Control in I1dle States: In idle
states, that is, STS wait state and transmit clock
wait state, the output level of the SO pin can be
controlled by setting bit 1 (SMRB1) of serial mode
register B (SMRB: $028) to 0 or 1. The output
level control example is shown in figure 72. Note
that the output level cannot be controlled in
transfer state.

Transmit Clock Error Detection (In External
Clock Mode): The serial interface will malfunc-
tion if a spurious pulse caused by external noise
conflicts with a normal transmit clock during
transfer. A transmit clock error of this type can be
detected as shown in figure 73.

Table 28 Serial Interface Operating Modes

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

Table 29 Serial Transmit Clock (prescaler output)

SMRB
BitO Bit 2 Bit 1 Bit0 Prescaler Division Ratio Transmit Clock Frequency
0 0 0 0 + 2048 4096!,_,,c
1 +512 10241,
1 0 +128 2561y,
1 +32 B4teye
1 0 0 +8 16ty
1 +2 Moye
1 0 0 0 + 4096 81 92tgc
1 +1024 204&3:3
1 0 + 256 51 21015
1 +64 1 2%
1 0 0 +16 32y
1 +4 Bloye

954 Hitachi



HD404829 Series

If more than eight transmit clocks are input in
transfer state, at the eighth clock including a spuri-
ous pulse by noise, the octal counter reaches 000,
the serial interrupt request flag (IFS: $023, bit 2) is
set, and transmit clock wait state is entered. At the
falling edge of the next normal clock signal, the
transfer state is entered. After the transfer comple-
tion processing is performed and IFS is reset,
writing to serial mode register A (SMRA: $005)
changes the state from transfer to STS wait. At
this time IFS is set again, and therefore the error
can be detected.

Notes on Use:

+ Initialization after writing to registers: If port

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

Serial interrupt request flag (IFS: $023, bit 2)
set: If the state is changed from transfer to
another by writing to serial mode register A
(SMRA: 3005) or by executing the STS instruc-
tion during the first low pulse of the transmit
clock, the serial interrupt request flag is not set.
To set the serial interrupt request flag, serial
mode register A write or STS instruction execu-
tion must be programmed to be executed after
confirming that the SCK pin is at 1, that is, after
executing the input instruction to port R2.

External clock mode

SMRA write

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

(@D STS instruction

(02> Transmit clock

MCU reset
-—

SMRA write (IFS « 1)

Transmit clock wait state

Trangfer state

{Octal counter = 000)

@@

8 transmit clocks

Internal clock mode

SMRA write

Continuous clock output state
(PMRA 0, 1 = 0, 0)

Transmit clock @\

SMRA write
% STS instruction

2> Transmit clock

STS instruction {IFS € 1)

(Octal counter = 000,
transmit clock disabled)

(Octal counter » 000)

STS wait state

MCU reset
-

(13 8 transmit clocks

(16> SMRA write (IFS+1)

Transfer state

Transmit clock wait state

(Octal counter = 000)

{Octal counter » 000)

a®

STS instruction (IFS « 1)

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

Figure 71 Serial Interface State Transitions
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Transmit clock Transmit clock
walt state wait state
State ——STS walt state ; Transter state ~e— STS walt state
MCU reset — :
Port selection ;
PMAA write i ;
External clock selection ; { Dummy write for
; 1 state transition
SMRA write Output level control § : Output leve! control i
level con n i n
‘ idie states | : : Idle states
SMRB write Y ! ;
Data write for transmission '
SAL, SAU wrhe : : : f
STS Instruction : l ; :
SCK pin (Input)
sopn oo X (CsBX XX XXX wes X
IFS t
External clock mode Flag reset at transfer completion
Transmit clock
) i wait state )
State r—— STS wait state e Transter state : STS wait state
MCU reset — }
Port selection b :
PMRA write HE i
Internal clock selection | ;
SMRA write - :
Output level control in P ! Output level control In
idiesiates | i | idle states
SMRB write ‘ - :
i Duta write for transmission 1 :
SRL, SRU write : i f f
STS instruction l
SCK pin (input) : L yd l_] :
S0 pin T Urdefisd X () G G G G G G Gl
IFS

Int 1 clock " Flag reset at transfer completion

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

!

Interrupts inhibited

'

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

Transmit clock error detection flowchart

Tralnsmit clock Transmit clock wait state
walt state i
State - Transfer state '. ‘) :' Transter state
SCK pin (input)
Noise ;
X X Z X3 X & X35 X 68X 7 X8 ]
! Transfer state has been
i entered by the transmit clock
1 error. When SMRA is written,
' IFS is set. ‘
SMRA write )
IFS F__I
Fiag set bacause octal  Flag reset at

counter reaches 000

Transmit clock error detection procedure

transfer completion

Figure 73 Transmit Clock Error Detection
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Registers for Serial Interface

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

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

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

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

» R2,/SCK pin function selection
+ Transmit clock selection

» Prescaler division ratio selection
« Serial interface initialization

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

A write signal input to serial mode register A
(SMRA: $005) discontinues the input of the trans-
mit clock to the serial data register and octal
counter, and the octal counter is reset to 000.

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

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

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

+ Prescaler division ratio selection
« Qutput level control in idle states

Serial mode register B (SMRB: $028) is a 2-bit
write-only register. It cannot be written during
data transfer.

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

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

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

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

Writing data in this register is output from the SO
pin, LSB first, synchronously with the falling edge
of the transmit clock; data is input, LSB first,
through the SI pin at the rising edge of the transmit
clock. Input/output timing is shown in figure 78.

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

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

+ R2,/SI pin function selection
+ R24/S0 pin function selection

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

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

« R24/50 pin PMOS control

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

Serial mode register B (SMRB: $028)

Bit 3 2 1 0
itialvalve | — | — |undefined o |
Read/Write —_ — W w
Bit name Not used Notused SMRB1 SMRBO
SMRB1 | Output level control in idle states | | SMRBO | Serial clock division ratio
0 Low level 0 Prescaler output divided by 2
1 High level 1 Prescaler output divided by 4

Figure 75 Serial Mode Register B (SMRB)
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Serial data register {(lower digit) (SRL: $006)

Bit 3 2 1 0
Initial value | Undefined|Undefined | Undefined | Undefined|
Read/Write RW RW RW RW
Bit name SR3 SR2 SR1 SRO

Figure 76 Serial Data Register (SRL)

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

Bit 3 2 1 0
Initial value [Undefined| Undefined] Undefined| Undefined|
ReadWrte = RW AW AW  RW
Bit name SR7 SR6 SRS SR4

Figure 77 Serial Data Register (SRU)

Transmit clock ' | ‘ | | | ’ ‘ ’ l | | ‘ | ’
Serial output
data LSB MSB

Serial input data
latch timing

Figure 78 Serial Interface OQutput Timing
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Port mode register A (PMRA: $004)

Bit 3 2 1 0
Initial value L — J —_ ( 0 —[ 0 7
Read/Write —_ —_ w w
Bit name Not used Notused PMRA1 PMRAOQ
PMRA1 R2,/S|1 mode selection PMRAO [ R25/SO mode selection
0 R2; 0 R2;3
1 Sl 1 SO

Figure 79 Port Mode Register A (PMRA)

Miscellaneous register (MIS: $00C)
Bit 3 2 1 0
ntiatvave | 0 | o | o | o |
Read/Write w w w w
Bit name MIS3 MIS2  MISH MISO
MIS3 Pull-up MOS on/off selection MIS1 MISO tac*
0 oft 0 0 0.12207 ms
1 On 0.24414 ms
1 7.8125ms
MIS2 R23/SO PMOS on/off selection
1 0 31.25ms
0 On
1 Not used
1 Off
Note: * Refer to figure 18.

Figure 80 Miscellaneous Register (MIS)
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A/D Converter

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

A/D Mode Register (AMR: $016): Four-bit
write-only register which selects the A/D conver-
sion period and indicates analog input pin
information. Bit 0 of the A/D mode register
selects the A/D conversion period, and bits 2 and 3
select a channel, as shown in figure 83.

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

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

N
Interrupt fiag
(IFAD)
A/D data
Encoder > register )
(ADRU, ADRL)
YOG )

2 | )
ANg O—] A/D mode g

ANy O— register C
! (AMR) B
AN:O— & £
AN3 O— A/D control E

logic Conversion time control
Reference 18
AVee O D/A[ | voltage
HA A/D start flag
|| (ADSF)
Referance voltage control
HLT (1 in stop, watch, and
AVss O— subactive modes)

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

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

A/D mode register (AMR: $016)

AN

Bit 3 2 1 0
mtalvave | o | o | — | o |
Read/Write w W — w
Bit name AMR3 AMR2 Notused AMRO
AMR3 | AMR2 | Analog input selection AMRO | Conversion time
0 0 ANg 0 34teyc
1 0 AN
1 1 AN3
Figure 82 A/D Mode Register (AMR)
ADRU: $018 ADRL: $017

/]

3
MS

B

]
SB

L RESULT

Bit7

Bit0

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

Bit 3 2 1 0
iitalvaie | 0o | o | o [ o |
Read/Write R R R R
Bit name ADRL3 ADRL2 ADRL! ADRLO

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

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

Bit 3 2 1 0
Itialvaiie | 1 | o | o | o |
ReadWite R R R R

Bit name ADRU3 ADRU2 ADRU1 ADRUO

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

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

Bit 3 2 1 0
ntaivawe | 0 | o | o | o |
Read/Write RW AW RW RW
Bit name DTON ADSF WDON LSON
DTON WDON
Refer to the description of operating Refer to the description of timers
modes
ADSF (A/D start flag) LSON
1 A/D conversion started Refer to the description of operating
0 AJD conversion completed modes

Figure 86 A/D Start Flag (ADSF)
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LCD Controller/Driver

The MCU has an LCD controller and driver which
drives four common signal pins and 52 segment
pins. The controller consists of a RAM area in
which display data is stored, a display control reg-
ister (LCR: $01B), and a duty-cycle/clock-control
register (LMR: $01C) (figure 87).

Four duty cycles and the LCD clock are pro-

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

Vee Power switch
V; O f ——O COM1
= O |——o com2
> —
wol 42 Yt [0 cow
L Sontrol river COM4
2 : ™ ——  — ©
Vy O— ) circuit LCD output
B LCD 3 registers
clock > | LOR3
GNDOL 7 $01F
Hige
Display Display onvoff 2 4 I"LORY
control # 7 $01D
register KV ]
LCR: $01B ———O0 SEG1/R3,
——0O SEG2/R3,
$050 Segment/
Display LCD p%m;g:y
area ment
LMR: $01C s?jgriv:r ——0 SEG19/R7,
LCD duty- (dual port ——0 SEG20/R7,
cyclelclock RAM)
control register
$083 O SEG21
12 12 >
RAM area
. LCD clock
Duty cycle selection 3
- Divided system
Clock selection clock output
ivided 32-kH:
LCD: Liguid crystal display g:;lcl:ke:utput §

Figure 87 Block Diagram of LCD Controller/Driver
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LCD Data Area and Segment Data ($050-$083):
As shown in figure 88, each bit of the storage area
corresponds to one of four duty cycles. If data is
written to an area corresponding to a certain duty
cycle, it is automatically output to the correspond-
ing segments as display data.

LCD Control Register (LCR: $01B): Three-bit
write-only register which controls LCD blanking,
on/off switching of the liquid-crystal display’s
power supply division resistor, and display in
watch and subactive modes, as shown in figure 89.

* 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 segment signals.

Bit3 Bit2 Bit 1 BitO
80 | SEG1 SEG1 SEG1 SEG1 | $050
81 SEG2 SEG2 SEG2 SEG2 | $051
82 | SEG3 SEG3 SEG3 SEG3 | $o052
83 SEG4 SEG4 SEG4 SEG4 | $053
84 | SEGS SEGS SEGS SEGS | $054
856 | SEGe SEGE SEGE SEG6 | $055
86 | SEG7 SEG?7 SEG7 SEG7 | s056
87 | SEG8 SEG8 SEG8 SEG8 | $057
B8 | SEG9 SEGS SEG9 SEG9 | $058
89 | SEG10 | SEG10 | SEG10 | SEG10 | $058
90 | SEG11 | SEG11 | SEG11 | SEG11 | $05A
91 | SEG12 | SEG12 | SEG12 | SEG12 | $058
92 | SEG13 | SEG13 | SEG13 | SEG13 | $05C
93 | SEG14 | SEG14 | SEG14 | SEG14 | $05D
94 | SEG15 | SEG15 | SEG15S | SEG15 | $OSE
95 | SEG16 | SEG16 | SEG16 | SEG16 | $0SF
96 | SEG17 | SEG17? | SEG1? | SEG17 | $060
97 | SEG18 | SEG18 | SEG18 | SEG18 | $061
g8 | SEG19 | SEG19 | SEG19 | SEG19 | $062
SEG20 | SEG20 | SEG20 | SEG20 | $083
100| SEG21 | SEG21 | SEG21 | SEG21 | $084
101| SEG22 | SEG22 | SEG22 | SEG22 | 3065
102] SEG23 | SEG23 | SEG23 | SEG23 | $0e6
103| SEG24 | SEG24 | SEG24 | SEG24 | $067
104| SEG25 | SEG25 | SEG25 | SEG25 | $068
105| SEG26 | SEG26 | SEG28 | SEG26 | $068
COM4 COM3  COMm2 COM1

8

Bit3 Bit2 Bit 1 Bito
106 | SEG27 SEG27 | SEG27 | SEG27 | $06A
107 | SEG28 SEG28 | SEG28 | SEG28 | $06B
108 | SEG29 SEG29 | SEG29 | SEG29 | $06C
1091 SEG30 SEG30 | SEG30 | SEG30 | $06D
110 | SEG3t SEG31 | SEG31 SEG31 | $06E
111] SEG32 SEG32 | SEG32 | SEG32 | $06F
112 | SEG33 SEG33 | SEG33 | SEG33 | $070
13| SEG34 SEG34 | SEG34 | SEG34 | $om
1141 SEG3s SEG35 | SEG35 | SEG35 | $072
115| SEG36 | SEG36 | SEG36 | SEG36 | $073
116 | SEG37 SEG37 | SEG37 | SEG37 | $074
117 | SEG38 SEG38 | SEG38 | SEG38 | $075
118 | SEG39 SEG39 | SEG39 | SEG39 | 3076
119 | SEG40 SEG40 | SEG40 | SEG40 | $077
120| SEG41 SEG41 | SEG41 SEG41 | $078
121 | SEG42 SEG42 | SEG42 | SEG42 | $079
122 | SEG43 SEG43 | SEG43 | SEG43 | $07A
123| SEG44 SEG44 | SEG44 | SEG44 | $SO7B
124 | SEG4S SEG45 | SEG45 | SEG45 | $07C
125| SEG46 SEG46 | SEG46 | SEG46 | $07D
126 | SEG47 SEG47 | SEG47 | SEG47 | $O7E
127 | SEG48 SEG48 | SEG48 | SEG48 | $07F
128 | SEG49 | SEG49 | SEG49 | SEG49 | $080
129| SEGS0 SEGS50 | SEGS50 | SEG50 | $081
130 | SEGS1 SEG51 | SEGS1 SEGS51 | $082
131 | SEGS2 | SEGS52 | SEGS2 | SEGS2 | $083
COM4 COM3  COM2 coMmi1

Figure 88 Configuration of LCD RAM Area (for dual-port RAM)
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LCD Duty-Cycle/Clock Control Register (LMR:
$01C): Four-bit write-only register which selects
the display duty cycle and LCD clock source, as
shown in figure 90. The dependence of frame
frequency on duty cycle is listed in table 30.

LCD Output Register 1 (LOR1: $01D): Write-
only register used to specify ports R3;5-R3; as pins
SEG1-SEG4 by individual pins (figure 91).

LCD Output Register 2 (LOR2: $01E): Write-
only register used to specify ports R4;-R4, as pins
SEGS-SEGS by individual pins (figure 92).

LCD Output Register 3 (LOR3: $01F): Write-
only register used to specify ports R—R7 as pins
SEG9-SEG20 in 4-pin units (figure 93).

Large Liquid-Crystal Panel Drive and V| 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 94.

The size of these resistors cannot be simply calcu-
lated from the LCD load capacitance because the
matrix configuration of the LCD complicates the
paths of charge/discharge currents flowing through
the capacitors—the resistance will also vary with
lighting conditions. This size must be determined
by trial-and-error, taking into account the power
dissipation of the device using the LCD, but a
resistance of 1 to 10 k€2 would usually be suitable.
(Another effective method is to attach capacitors of
0.1t0 0.3 pF)

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

LCD display control register (LCR: $01B)

Bit 3 2 1 0
mitisivave | — | o [ o | o |
Read/Write — W W w
Bit name Notused LCR2 LCR1 LCRO
Display on/off selection in LCR1 Power switch on/off
LCR2 | yatch and subactive modes 0 Off
0 Off 1 On
1 On .
LCRO | Blank/display
0 Blank
1 Display

Figure 89 LCD Control Register (LCR)
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Table 30 LCD Frame Frequencies for Different Duty Cycles

Frame Frequencies
fosc = fosc = fosc = tosc =
Duty Cycle LMR3 LMR2 400 kHz 800 kHZ 2 MHz 4 MHz
Static 0 0 CLo 512 Hz
1 CL1 390.6 Hz 781.3 Hz 1953 Hz 3906 Hz
1 0 cL2 48.8 Hz 97.7 Hz 2441 Hz 488.3 Hz
1 CL3* 244 Hz 48.8 Hz 122.1 Hz 2441 Hz
64 Hz
172 0 0 CLo 256 Hz
1 CL1 185.3 Hz 390.6 Hz 976.6 Hz 1953 Hz
1 0 CL2 244 Hz 48.8 Hz 122.1 Hz 2441 Hz
1 CL3* 12.2 Hz 24.4 Hz 61 Hz 122.1 Hz
32 Hz
1/3 0 0 CcLo 170.7 Hz
1 CL1 130.2 Hz 260.4 Hz 651 Hz 1302 Hz
1 0 cL2 16.3 Hz 326 Hz 81.4Hz 162.8 Hz
1 CL3* 8.1 Hz 16.3 Hz 40.7 Hz 814 Hz
21.3Hz
1/4 0 0 CLo 128 Hz
1 CL1 97.7 Hz 195.3 Hz 488.3 Hz 976.6 Hz
1 0 CL2 12.2 Hz 244 Hz 61 Hz 122.1 Hz
1 CL3* 6.1 Hz 12.2 Hz 30.5 Hz 61 Hz
16 Hz

Note: * The division ratio depends on the value of bit 3 of timer mode register A (TMA3).

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

Bit 3 2 1 0
mitalvalie | 0 | o | o | o |
Read/Write w w w w
Bit name LMR3 LMR2 LMR1 LMRO
LMR3 | LMR2 | Input clock source selection LMR1 | LMRO | Duty cycle selection
0 0 CLO (32.768 x duty/64: when 0 0 1/4 duty
32.768-kHz oscdillation is used) 0 1 173 duty
0 1 CL1 (fosc x duty cycle/1,024) 1 0 1/2 duty
1 0 CL2 (losc x duty cycle/8,192) 1 1 Static
1 1 CL3 (refer to tabie 30)

Figure 90 LCD Duty-Cycle/Clock Control Register (LMR)

LCD output register 1 (LOR1: $01D)

Bit 3 2 1 0
itialvaiie | 0o | o | o | o |
Read/Write W w w W
Bit name LORI3 LOR12 LOR11 LOR10
LOR13 | R3ySEG4 mode selaction | | LOR11 | R3,/SEG2 mode sslection
0 | Ry 0 | R3
1 | sEGa 1 | seG2
LOR12 | R3,/SEG3 mode selection | | LOR10 | R3¢/SEG1 mode selection
o |R3 0 | R3
1 | seG3 1| seG1

Figure 91 LCD Output Register 1 (LOR1)
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LCD output register 2 (LOR2: $01E)

Bit 3 2 1 0
ntaivave | 0o | o | o | o |
Read/Write w w w w
Bit name LOR23 LOR22 LOR21 LOR20
LOR23 | R43/SEGS8 mode selection LOR21 | R4,/SEG6 mode selection
0 R4a 0 R4,
1 SEG8 1 SEG6
LOR22 | R42/SEG7 mode selsction LOR20 | R4¢/SEG5 mode selection
0 R4, 0 Rdo
1 SEG7 1 SEG5

Figure 92 LCD Output Register 2 (LOR2)

LCD output register 3 (LOR3: $01F)

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

Bit name Notused LOR32 LOR31 LOR30

LOR32 | R7/SEG17-SEG20 mode selection LOR30 | R&SEG9-SEG12 mode selection
0 R7 0 RS
1 SEG17-SEG20 1 SEG9-SEG12

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

Figure 93 LCD Output Register 3 (LOR3)
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Vee (V4) Vee (V4)
SR 2R
J Va o T—Z l 3 Vo
2R =R
Vs c Vs
2R Tc _IL % R
GND - GND
1 —  6-digit LCD
, )
Vee  COM1I— tj with sign
v
Ve Vieo [: V; ngﬂ 52
l EVg 7
GND SEG52
Static drive
comi| 2 .
Vee  Eomal— & 134digitLeo
L Vs
Vee T, v, SEGt 52
Leb '[ l:Va to “
GND SEG52
1/2 duty, 1/2 bias drive
Vee CQMT| 3 0 17dgitLco
I v, COM3 ' 59
Vee VLco-[ o sear 52
~{Va to 4
L_I__GND SEGS2
1/3 duty, 1/3 bias drive
Voo OOM 2% K 2edigiico
v v, COM4 :
cc T v 52
v 2 SEG1 <
Lco T v o ’
GND SEG52
Vee 2Vicp 2 GND 1/4 duty, 1/3 bias drive

Figure 94 LCD Connection Examples
971 Hitachi



HD404829 Series

Notes on Mounting

Assemble all parts including the HD404829 Series
on a board, noting the points described below.

1. Connect layered ceramic type capacitors
(about 0.1 uF) between AV and AVgg,

between Ve and GND, and between used
analog pins and AVgg. An example of connec-
tions is shown in figure 95.

Connect unused analog pins to AVgg.

When using an A/D converter

Vee

0.1 yF

L

AVee

AN,

AN,

AN,

AN,

GND

AVgg

When using pins ANy and AN, but not using AN, and AN,

VCC AVCC
AN,
’ AN1
AN,
T 1 %
GND - + AVgg
|
0.1 uF x 3
When using all analog pins
Vee AVee
ANg
AN,
AN,
AN
11 1L 1 3
oo — T LT T T | avg

Figure 95 Example of Connections (1)
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Between the V¢ and GND lines, connect
capacitors designed for use in ordinary power
supply circuits. An example connection is
described in figure 96.

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

GND

GND

Figure 96 Example of Connections (2)

973 Hitachi




HD404829 Series

Programmable ROM (HD4074829)

The HD4074829 is a ZTAT™ microcomputer with
built-in PROM that can be programmed in PROM
mode.

974 Hitachi

PROM Mode Pin Description

Pin No. Pin No.
P FP-
O cp. _ MCUMode  PROMMode 100%: MCU Mode PROM Mode
100B 100A PinName VO PinName IO 100B 100A PinName VO PinName O
1 3 AVge Vee 29 3t ROs/INT, V1O
2 4 AN, I 30 32 R1yTOB VO Ag I
3 5 AN, I 31 33 R1,/TOC VO Ag [
4 8 AN, I 32 34 R1,/TOD 11O A !
5 7 AN, | 33 35 R154EVNB /O Ag i
6 8 AVgg GND 34 36 R2yEVND 110 A, I
7 9 TEST | TEST | 35 37 R2,/SCK 110 Ay |
8 10 OSC, i Veo 36 38 R2,/SI o Ag I
8 11 0SC, o] 37 39 R2,/SO WO A I
10 12 RESET ! RESET I 38 40 R3ySEG1 1O A I
1 13 X1 | GND 3 41 R3,/SEG2 1O Ay, I
12 14 X2 0 40 42 R3,/SEG3 1O Oy 10
13 15 GND GND 41 43 R3,/SEG4 1O O, 10
14 16 Dy O CE | 42 44 R4ySEGS 110 O, ¥O
15 17 Dy o OE | 43 45 R4,/SEG6 /O O, 1o
16 18 D, O  Vge 4 46 R4,/SEG7 110 O, 1o
17 19 Dy O Vee a5 47 R4,/SEG8 /O Os 1o
18 20 D, llo] 46 48 RSy/SEGS /O O 110
19 21 Ds o 47 49 R5,/SEG10 11O Oy o)
20 22 D 10 48 50 RS,/SEG11 /O O, o
21 23 D 10 49 51 RS4/SEG12 VO O, 1o
22 24 Dg o] 50 52 R6(/SEG13 1O O, lle}
23 25 Dy 110 51 53 R6,/SEG14 110 O, 10
24 26 D, o/STOPC 110 A | 52 54 R6,/SEG15 1O O, 1¥0
25 27 D, /iINT, WO Vpp 53 55 REy/SEG16 IO V¢
26 28 ROYINT, 1O M, | 54 56 R7ySEG17 11O A, I
27 29 ROINT, KO M, t 55 57 R7,/SEG18 VO A, |
28 30 ROMINT; /O 56 58 R7,/SEG19 11O Ay i
Notes on next page.
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PROM Mode Pin Description (cont)

Pin No. Pin No.

. I

}‘,’,‘,’f‘ £p. MCU Mode PROM Mode }?:?f' FP. MCU Mode PROM Mode
100B 100A PinName LO PinName IO 100B 100A PinName VO PinName VO
57 59  R7ySEG20 O A, I 79 8t SEG42 o

58 60 SEG21 o 80 82 SEG43 o

59 61 SEG22 o 81 83 SEG44 o

60 62 SEG23 o 82 84 SEG45 o

61 63 SEG24 o 83 85 SEG46 o

62 64 SEG25 o 84 86 SEG47 o

63 65 SEG26 o) 85 87 SEG48 o

64 66 SEG27 o 8 88 SEG49 o

65 67 SEG28 o 87 89 SEG50 o

66 68 SEG29 o 88 90 SEG51 o

67 69 SEG30 o 89 91 SEG52 o

68 70  SEG31 o 90 92  COMI o

69 71 SEG32 o 91 93  COM2 o

70 72 SEG33 5) 92 94  COM3 o

71 73  SEG34 o 93 95  COM4 o

72 74  SEG35 o 94 9% V,

73 75 SEG36 o 95 97 V,

74 76  SEG37 o 96 98  V,

75 77 SEG38 o 97 99 Vg Vee
76 78  SEG39 o 98 100  NUMO

77 79  SEG40 o 99 1 NUMO

78 80  SEG41 o 100 2 NUMG

Notes: 1. 1/O: input/output pin, I: Input pin, O: Output pin
2. Each of O4—0, has two pins; before using, each pair must be connected together.
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Programming the Built-In PROM

The MCU'’s built-in PROM is programmed in
PROM mode. PROM mode is set by pulling TEST,
My, and M low, and RESET high as shown in
figure 97. In PROM mode, the MCU does not
operate, but it can be programmed in the same way
as any other commercial 27256-type EPROM
using a standard PROM programmer and a 100-to-
28-pin socket adapter. Recommended PROM
programmers and socket adapters are listed in table 31.

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

Table 31 Recommended PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Manufacturer Model name Package Mode! Name Manufacturer
DATA I/0 Corp. 121B FP-1008 HS462ESHO1H Hitachi
FP-100A HS462ESFO1H
TFP-100B HS4629ESNO1H
AVAL Comp. PKW-1000 FP-100B HS462ESHO1H
FP-100A HS462ESFO1H
TFP-100B HS4629ESNOTH
Vee Vee
? 9
AVce Ve
?— RESET ¢
TEST
Mo
b My Dat
T ata
77 Qgto O7 Ooto O;
Vep
Vi HD4074829 to A Address
gc Ao to AK Ao o Aus
0SCy —
D OE |«— OE
2
Ds CE|«—— CE
R63
X1 AVss GND
777 7717 77‘7

Figure 97 PROM Mode Connections
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Warnings 3. PROM programmers have two voltages (Vpp):
12.5 V and 21 V. Remember that ZTAT™
1. Always specify addresses $0000 to $7FFF devices require a Vpp of 12.5 V—the 21-V
when programming with a PROM programmer. setting will damage them. 12.5 V is the Intel
If address $8000 or higher is accessed, the 27256 setting.
PROM may not be programmed or verified cor-
rectly. Set all data in unused addresses to $FF. Programming and Verification

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

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

adapter, and LSI are aligned correctly (their pin ~ Programming and verification modes are selected
1 positions match), otherwise overcurrents may as listed in table 32.

damage the LSI. Before starting programming,

make sure that the LSI is firmly fixed in the

socket adapter and the socket adapter is firmly

fixed onto the programmer.

Table 32 PROM Mode Selection

Pin
Mode CE OFE Vpp Op-07
Programming Low High Vpp Data input
Vaerification High Low Vep Data output
Programming inhibited High High Vep High impedance
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Addressing Modes
RAM Addressing Modes

The MCU has three RAM addressing modes, as
shown in figure 98 and described below.

Register Indirect Addressing Mode: The
contents of the W, X, and Y registers (10 bits in
total) are used as a RAM address. When the area
from $090 to $25F is used, a bank must be selected
by the bank register (V: $03F).

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

Memory Register Addressing Mode: The
memory registers (MR), which are located in
16 addresses from $040 to $O4F, are accessed with
the LAMR and XMRA instructions.

RAM address

1st word of Instruction

X register

W register Y register
L N £ )

W, Wo X3 Xz X X Y3 Y2 Yy Y

y J

AP, AP, AP, AP, AP, AP, AP, AP, AP, AP

Reglster Direct Addressing

2nd word of Instruction

N Y

Opcode

dg dg d; dg ds dg dy d, d; dp

RAM address

RAM address

\ y

AP, AP, AP, AP, AP, AP, AP, AP, AP, AP

Direct Addressing

Instruction

4 N

Opcode

mg m, m; m,

o o 0 1+ 0 O
[ K N N

AP, AP_ AP, AP, AP, AP, AP, AP, AP, AP

Memory Register Addressing

Figure 98 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 99 and described below.

Direct Addressing Mode: A program can branch
to any address in the ROM memory space by
executing the JMPL, BRL, or CALL instruction.
Each of these instructions replaces the 14 program
counter bits (PC3-PCg) with 14-bit immediate
data.

Current Page Addressing Mode: The MCU has
64 pages of ROM with 256 words per page. A
program can branch to any address in the current
page by executing the BR instruction. This
instruction replaces the eight low-order bits of the
program counter (PC,—PCj) with eight-bit
immediate data. If the BR instruction is on a page
boundary (address 256n + 255), executing that
instruction transfers the PC contents to the next
physical page, as shown in figure 101. This means
that the execution of the BR instruction on a page
boundary will make the program branch to the next

page.

Note that the HMCS400-series cross macroassem-
bler has an automatic paging feature for ROM

pages.

Zero-Page Addressing Mode: A program can
branch to the zero-page subroutine area located at
$0000-$003F by executing the CAL instruction.
When the CAL instruction is executed, 6 bits of
immediate data are placed in the six low-order bits
of the program counter (PCs-PCgp), and Os are
placed in the eight high-order bits (PC;3-PCg).

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

P Instruction: ROM data addressed in table data
addressing mode can be referenced with the P
instruction as shown in figure 100. If bit 8 of the
ROM data is 1, eight bits of ROM data are written
to the accumulator and the B register. If bit 9 is 1,
eight bits of ROM data are written to the R1 and
R2 port output registers. If both bits 8 and 9 are 1,
ROM data is written to the accumulator and the B
register, and also to the R1 and R2 port output
registers at the same time.

The P instruction has no effect on the program
counter.
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1st word of instruction 2nd word of instruction
[UMPL] aWa N

Eg?H_] Opcode Ps P2 Py Po|dy dg d7 dg dg d¢ d3 d dy d

Program counter  PC,,PC,,PC,, PC,, PC, PC, PC, PC, PC, PC, PC, PC, PC, PC,

Direct Addressing

Instruction
ya Y

[BR] lOpcode b7 bg bs b4 bg bz b1 bo

Program counter  PC,,PC,,PC, PC,, PC, PC, PC, PC, PC, PC, PC, PC, PC, PC,

Current Page Addressing

Instruction
L N

[CAL] L Opcode ds d, 9, d, 9, d,

© 0 0 0 0 0 0 0
| IR T B B N T I |

Program counter PC‘aPCmF'C"l'-’C‘0 PC9 PC8 PC, PCg PCs PC, Pc3 PC,‘, PC, PC,

Zero Page Addressing

Instruction

(TBR) Opcode Py P, Py P

B register Accumulator
Y

By B, B, Bg(A, A, A, A,

0 0
iy

Program counter PC,,PC,,PC, PC, PC, PC, PC, PCg PCg PC, PC, PC, PC, PC,

Table Data Addressing

Figure 99 ROM Addressing Modes
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Instruction

{P) Opcode Pa P, Py P

B register Accumulator

N Y

By By By By|A; A, A, A,

0 0
13 |

Referenced ROM address [RA,RA,,RA  RA, RA, RA RA, RA_ RA, RA, RA  RA, RA RA

2

Address Designation

ROMdata  [RO, RO, RO, RO, RO, RO, RO, RO, RO, RO,

A A

Accumulator, Bregister |B; B, By By [A; A, A, A | fRO,=1

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

'ty ooy by

Output registers R1, R2 Bg Bz B1 Bo Bg Bz 81 Bo If R09 =1

Pattern Output

Figure 100 P Instruction

N

256 (n— 1) + 255

[“ BR AAA | 256n
AAA  NOP

1. BR AAA | 256n + 254
1T BR BB8 | 256n + 255

256 (n + 1)
= BBB  NOP

/\/

Figure 101 Branching when the Branch Destination is on a Page Boundary
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Absolute Maximum Ratings

ftem Symbol Value Unit Notes

Supply voltage Vee -0.3t10+7.0 v

Programming voltage Vep -0.3t0 +14.0 \ 1

Pin voltage V1 —0.3t0 (Voo +0.3) \'

Total permissible input current p3 1 100 mA 2

Total permissible output current =2, 50 mA 3

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

Maximum output current =ly 4 mA 7.8

Operating temperature Topr -20to +75 °C

Storage temperature Teig -5510 +125 °C

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

operation must be under the conditions stated in the electrical characteristics tables. If these condi-

tions are exceeded, the LS! may malfunction or its reliability may be affected.

1.

Applies to Dy, (Vpp) of the HD4074829.

2. The total permissible input current is the total of input currents simultaneously flowing in from all

w

O~NOO A

the 1/0 pins to ground.

Vee to all /O pins.

982 Hitachi

. The maximum input current is the maximum current flowing from each /O pin to ground.
. Applies to RO-R7.
. Applies to Do—Dy.

. The maximum output current is the maximum current flowing out from V¢ to each I/O pin.
. Applies to Dy—-Dg and RO-R7.

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

DC Characteristics (HD404828, HD4048212, HD404829: Vc = 2.710 6.0 V,GND = 0 V,
T, =-20°C to +75°C; HD4074829: Ve =2.7 t0 5.5 V, GND = 0 V, T, = —20°C to +75°C, unless

otherwise specified)
tem Symbol Pin(s) Min Typ Max Unit Test Condition  Notes
input high Viu RESET,5CK, 08Vee — Vec+03 V. —
voltage SI, INT,, INT,,
INT5, INT3,
INT,, STOPC,
VNB, EVND
0SsC, Vec-03 — Vge+03 V External clock
operation
Input low ViL RESET, SCK, -0.3 —  0.1Vg¢e v -
voltage SI, INT, INT,,
INT,, INT3,
INT4, STOPC,
EVNB, EVND
0SC, -0.3 — 03 Vv External clock
operation
Output high Von  SCK,SO,TOB, Vgc-1.0 — — V  —logy=05mA
voltage TOC, TOD
Output low Voo  SCK, S0, TOB, — — 04 V g =04mA
voltage TOC, TOD
/O leakage |  RESET,SCK, — — 10 A  V,=0VioVee 1
current Si, INT,, INT;,
INT,, INT,,
INT,, )
, EVND,
0SsC,, TOB,
TOC, TOD, SO
Current 'CC1 Vcc —_ 5 9 mA VCC =50V, 2,4
dissipation in fosc =4 MHz
active mode |ccg VCC —_ 06 1.8 mA VCC =30V, 2,4
fosc = 800 kHz
Current syt Vec —_ 12 3 mA Vee=50V, 3,4
dissipation in fosc = 4 MHz,
standby mode LCDon
lspy2 Vee —_ 02 07 mA Vge=3.0V, 3.4
fosc = 800 kHZ,
LCDon

Notes on next page.
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DC Characteristics (HD404828, HD4048212, HD404829: V- =2.7t0 6.0 Y, GND =0V,
T, =-20°C to +75°C; HD4074829: V¢ =27 t0 5.5V, GND =0V, T, = ~20°C to +75°C, unless

otherwise specified) (cont)
item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Current sus Vee — 35 70 pA HD404828, 5
dissipation in HD4048212,
subactive mode HD404829:
Vee=3.0V,
LCD on
— 70 150 HA HD4074829: 5
Vee=3.0V,
LCD on
Current wter  Vee — 18 40 HA Veg=3.0V, 5
dissipation in LCD on
watchmede |~ Ve — 8 15 WA Veg =30V, 5
LCD oft
Current ls*rop Vcc —_ 1 10 MA Vcc =30V, 5
dissipation in no 32-kHz oscillator
stop mode
Stop mode Vstor Veo 2 - —_ v No 32-kHz ]
retaining voltage oscillator
Notes: 1. Qutput buffer current is excluded.

2.

Iccq and o are the source currents when no /O current is flowing while the MCU is in reset
state.
Test conditions: MCU: Reset
Pins: RESET at Ve (Vec—0.3Vito Vee)
TEST at Vcc (Vcc -03Vto Vcc)
Isgy1 and Iggys are the source currents when no I/O current is flowing while the MCU timer is
operating.
Test conditions: MCU: 1/O reset
Serial interface stopped
Standby mode
Pins: RESET at GND (0 V10 0.3 V)
TEST at Vee Vec—0.3Vito Vee)
The current dissipation is in proportion to fogc while the MCU is operating or is in standby mods.
The value of the dissipation current when foge = x MHz is given by the following equation:
Maximum value (fosc = x MHZz) = x/4 x maximum value (fogc = 4 MHz)

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

Tost conditions: Pins: RESET atGND (0V 10 0.3V)

TEST at Vee (Vec—0.3 Vto Vee)

Dyy (Vpp) at Vcc (Vcc -03Vto Vcc) for the HD4074829
RAM data retention.
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1/0 Characteristics for Standard Pins (HD404828, HD4048212, HD404829: Vo = 2.7 to 6.0 V,
GND =0V, T, =-20°C to +75°C; HD4074829: Vo =2.7t0 5.5 V, GND = 0 V, T, = -20°C to +75°C,
unless otherwise specified)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
input high Vg Dyg, Dy, 0.7Vee — V403 V -
voltage RO-R7
Input low Vi D, o D11 -0.3 —_ 0.3Vge v -_
voltage RO-R7
Output high Vou RoO-R7 Veg-10 —  — \' —lon =0.5mA
voltage
Output low VoL RO-R7 _ — 04 v lo, =0.4 mA
voltage
/O leakage el Dy RO-R7 — — 1 A Vip=0VtoVee 1
current Dy — - 1 WA Vip,=0VtoVge 1,2
— - 1 MA Vi =Vge-03V 1,3
to Veo
— — 20 MA  Vj,=0Vto03V 1,3
Puil-up MOS ~lpy RO-R7 5 30 90 HA Vg =30V,
current Vin=0V

Notes: 1. Output buffer current is excluded.
2. Applies to HD404828, HD4048212, and HD404829.
3. Applies to HD4074829.

1/0 Characteristics for High-Current Pins (HD404828, HD4048212, HD404829: Vcc = 2.7 t0 6.0V,
GND =0V, T, = -20°C to +75°C; HD4074829: V¢ =2.7t0 5.5V, GND =0 V, T, = -20°C to +75°C,
unless otherwise specified)

tem Symbol Pin(s) Min Typ Max Unit Test Condition Note

Input hlgh VlH DO-DQ 0’7VCC —_ Vcc +03 V —_

voltage

Input low ViL Do-Dg -0.3 —  0.3Vge v -

voltage

Output high Vou DDy Vee=10 — — V.  -loy=05mA

voltage

Input low VoL Do—Dy — — 04 V o =04mA

voltage — — 20 V g =15mA, 1
Vec=45V106.0V

/O leakage [  Dg-Dg - - 1 MA Vi, =0VtoVgc 2

current

Puti-up MOS =lpy Dy—Dg 5 30 90 HA Ve =3V,

current Vi,=0V

Note: 1. The test condition of HD4074829 is Vo =4.5Vto 5.5 V.
2. Output buffer current is exciuded.
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HD404829 Series

LCD Circuit Characteristics (HD404828, HD4048212, HD404829: Vo =2.7t0 6.0 VGND =0 V,
T, = -20°C to +75°C; HD4074829: Vo =2.7t0 5.5 V,GND =0 V, T, = -20°C to +75°C, unless

otherwise specified)

ltem Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Segmentdriver Vps  SEG1-SEG52 — - 0.6 V.  lg=3pA 1
voltage drop

Common driver Vpe COM1-COM4 — — 0.3 v lg=3 A 1
voltage drop

LCD power Rw 100 300 900 kQ Between V, and

supply division GND

resistance

LCD voltage Vico Vi 2.7 - Vee Vv 2

Notes: 1. Vpg and Vpc are the voltage drops from power supply pins V4, V5, V3, and GND to each
segment pin and each common pin, respectively.
2. When V¢p is supplied from an external source, the following relations must be retained:
Véc2Vy2Va2V32GND

A/D Converter Characteristics (HD404828, HD4048212, HD404829: Vc = 2.7t0 6.0 V,GND =0 V,
Ty = =20°C to +75°C; HD4074829: Vi =2.7t0 5.5 V, GND = 0 V, T, = -20°C to +75°C, unless other-

wise specified)
Item Symbol Pin(s) Min Typ Max Unit Test Condition Note
- Analog power  AVoe AVoe  Vec-03 Voo Voo +03 V — 1
voltage
Analog input AV, ANO-ANa AVss — AVCC \' —_—
voltage
Current between 1AD —_ -_— 50 150 pA Vcc = AVCC =50V
AV¢c and AVgg
Analog input CAi, ANg~AN; — 15 - pF -
capacitance
Resolution — — 8 8 8 Bit
Number of inputs — - 0 — 4 Chan- —
nel
Absolute accuracy — — — —_ +20 LSB T,=25°C,
Vee =4.5-55V
Conversion time ~ — — 34 — 67 teye —
Input impedance — ANg-AN; 1 — — MQ fosc = 1 MHz,
Vin=0.0V

Note: 1. AVgc 227V
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AC Characteristics (HD404828, HD4048212, HD404829: Vo =2.7t06.0 V,GND =0 V,

T, = -20°C to +75°C; HD4074829: V¢ = 2.7 t0 5.5 V, GND = 0 V, T, = —20°C to +75°C, unless

otherwise specified)
item Symbol Pin(s) Min Typ Max Unit Test Condition Notes
Clock oscillation tosc 08C;,08C, 04 — 40 MHz Vgc=30to60V 1,8
frequency 0.4 — 20 MHz — 1
X1, X2 — 32.768 — kHz —
Instruction cycle teye — — 10 us Vec=30to60V 1,8
time P _ 10 us _ 1
loubcye — - 24414 — ps 32-kHz oscillator,
1/8 division
— 122.07 — us 32-kHz oscillator,
1/4 division
Oscillation tre 08C,,08C; — — 75 ms —
stabilization time X1, X2 _ _ s T,=-10°C to 3
+60°C
External clock tepH 0S8C, 105 —_ — ns Vec=3.0t106.0V 4,8
high width 215 _ _ ns _ 4
External clock tepL 0S8C, 105 — — ns Vec=30t06.0V 4,8
low width 215 _ _ ns _ 4
External clock tepr 0SsC, — _— 20 ns Veg=30to60V 4,8
rise time — _ a5 ns — 4
External clock tcpi 0SC,y —_ — 20 ns Vec=3.0t06.0V 4,8
fall time _ _ a5 ns — 4
iNT,-INT,, EVNB, ty iNT~INT,, 2 - -yl — 5
EVND high widths VNB, EVND teubcyc
iNTo-INT,, EVNB, 1t INT-INT,, 2 — -yl - 5
EVND low widths EVNB, EVND taubcyc
RESET high width trsty  RESET 2 — - teye —_ 6
BTOPC low width tsTPL STOPC 1 —_ — tre —_— 7
RESET fall time tRsTt RESET — — 20 ms —_ 6
STOPCrisetime tgrp,  STOPC —_ — 20 ms - 7
Input capacitance  C, All pins —_ — 15 pF f=1MHz,
except Dyy Vin=0V
Dyy — — 15 pF HD404828, 8
HD4048212,
HD404829:
f=1MHz,
V=0V
— — 180 pF HD4074829: 9
f=1MHz,
Vin=0V

Notes on next page.
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Notes: 1.

if fosc = 0.4 to 1.0 MHz, bit 1 of the system clock select register (SSR: $029) must be set to 0;
if fosc = 1.6 to 4.0 MHz, bit 1 must be setto 1. Do not use fogc = 1.0 to 1.6 MHz with 32-kHz
oscillation.

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

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

Refer to figure 102,

Refer to figure 103. . applies when the MCU is in standby or active mode.
taubeye applies when the MCU is in watch or subactive mode.

Refer to figure 104.
Refer to figure 105.
The test condition of HD4074829 is Vo = 3.5t0 55 V.
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Serial Interface Timing Characteristics (HD404828, HD4048212, HD404829: Vo =2.7t0 6.0 V,
GND =0 V, T, =-20°C to +75°C; HD4074829: Vo = 2.7t0 5.5 V, GND =0 V, T, = -20°C to +75°C,
unless otherwise specified)

During Transmit Clock Output

fem Symbol Pin Min Typ Max Unit Test Condition Note

Transmit clock cycle time  tgeye 8CK 1.0 — - teye Load shown in 1
figure 107

Transmit clock high width  tgckn 8K 05 — — tseyc  Load shownin 1
figure 107

Transmit clock low width  tgek 8K 05 ~— - tseye  Load shownin 1
figure 107

Transmit clock rise time  tgck, 8K — — 200 ns Load shown in 1
figure 107

Transmit clock fall time tsckt 8K — — 200 ns Load shown in 1
figure 107

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

delay time figure 107

Serial input data tss Sl 300 — - ns — 1

setup time

Serial input data thsi SI 300 — - ns - 1

hold time

Note: 1. Refer to figure 106.

During Transmit Clock Input

tem Symbol Pin Min Typ Max Unit TestCondition Note

Transmit clock cycle time  tsoy 8K 10 — — tye — 1

Transmit clock high width  tgckw 8K 05 — — tg5, — 1

Transmit clock low width  tgcky 8CK 05 — — tsye  — 1

Transmit clock rise time  tgcr 8K — — 200 ns — 1

Transmit clock fall time tsckt 8K — — 200 ns — 1

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

delay time figure 107

Serial input data tssi SI 300 — - ns — 1

setup time

Serial input data ths St 300 — -— ns — 1

hold time

Note: 1. Refer to figure 106.
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0.9V¢e \ .
0.1Vee H I
iNTg to INT,,
EVNB, EVND
Figure 102 External Clock Timing Figure 103 Interrupt Timing

Figure 104 Reset Timing Figure 105 STOPC Timing
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tsowr —| [+ o tscKr

SCK Vec —2.0 V0.9V )* Kl tsext
0.4V (0.1Veo)*

4

tsckn

toso —

Vec =05V

S0 04V

tssi || thsi
0.9Vce

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

Figure 106 Serial Interface Timing

Vee
AL = 2.6 kQ
Test
point
C = :, H =
30 pF < 12kQ 182074 H
or equivalent

Figure 107 Timing Load Circuit
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Notes on ROM Out

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

On ROM out, fill the ROM area indicated below
with 1s to create the same data size as a 16-kword
version (HD404829). A 16-kword data size is

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

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

ROM 8-kword version:
HD404828
Address $2000—$3FFF
$0000 |] )
Vector address
$000F
$0010 || >
Zero-page subroutine
(64 words)
$003F | [/
$0040
’ Pattern & program
(8,192 words)
$1FFF
$2000
$3FFF

Fill this area with 1s

ROM 12-kword version:

HD4048212
Address $3000-$3FFF
$0000 w
Vector address
$000F
$0010 || >
Zero-page subroutine
(64 words)
$003F | |/
$0040
s Pattern & program
(12,288 words)
$2FFF
$3000
$3FFF
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HD404829 Option List

Please check off the appropriate applications and

enter the necessary information. Date of order / /
Customer
Department
Name

1. ROM Size ROM code name

[] HD404828 8-kword LS| number HD404829

[J HD4048212  12-kword

(] HD404829  16-kword

2. Optional Functions

*[_] with 32-kHz CPU operation, with time-base for clock

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

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

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

[_] EPROM: The upper bits and lower bits are mixed together. The upper five bits and lower five bits are
programmed to the same EPROM in alternating order (i.e., LULULU...).

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

4. Oscillator for OSC1 and OSC2
] Ceramic oscillator | f= MHz
[] Crystal oscillator | §= MHz
[] External clock f= MHz

5. Stop Mode
(] used
(] Not used

6. Package
(] FP-100B
] FP-100A
] TFP-100B
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