HD404708/HD404709/——

HD4074709

Description

The MCU are 4-bit single-chip HMCS400
series microcomputers providing high pro-
gramming productivity. They incorporate
high-voltage 1/0 pins, a Vacuum Fluorescent
Display (VFD) controller/driver, a pulse width
modulation output circuit, and a 32.768 kHz
oscillator used for the precise watch.

Features

® 8192 words x 10 bits ROM (HD404708)
16384 words X 10 bits ROM (HD404709)
16384 words X 10 bits PROM (HD4074709)
(The PROM is compatible with the 27256
type.)
576 digits X 4 bits RAM
56 I/O pins including 32 high-voltage
(max. 40V), high current (max. 15mA)
pins.
Three on-chip timer/counters
Clock synchronous 8-bit serial interface
14 bit PWM D/A converter
Four external (including two double-ed-
ged) and five internal interrupt sources
Subroutine stack which allows up to 16
levels including interrupts
® Three low power dissipation modes:
Standby mode, Watch mode, Stop mode
® Two builtin oscillators: System/subsys-
tem oscillator
® Instruction cycle time: 0.89us (Vecc = 3.6—
6V)
® Modes: MCU mode
PROM mode (HD4074709)

Program Development Support Tools

® Cross assembler and simulator software for
use with IBM PCs and compatibles

In circuit emulator for use with IBM PC

Programming socket adapter for program-
ming the EPROM-on-chip device

Type of Products

Mask ROM type (* * *x: ROM code)

Part No.

ROM (Words)

Package

HD404708* **S

8192

HD404708* * *FS

HD404709***S

16384

HD404709* **FS

HD404709* **H

DP-64S

FP-648

DP-64S
FP-64B
FP-64A

ZTAT type
Part No.

ROM (Words)

Package

HD4074709S

HD4074709FS

HD4074709C

HD4074709H

16384

DP-64S

FP-64B

DC-64S

FP-64A
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Pin Arrangment
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Block Diagram
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HD404708/HD404709/HD4074709

Pin Description
GND, Vcc (Power)

These are the power supply pins for the MCU.
Connect the GND to the ground (0V) and
apply the Vcc power supply voltage to Vee.

TEST

TEST is used for test purposes only. TEST
must be connected to Vcc.

RESET
RESET resets the MCU.
0SC,, OSC:

OSC;: and OSC; are input and output pin for
the internal oscillator circuit. They can be
connected to a crystal resonator, a ceramic
filter resonator. In the case of an external
oscillator circuit, an external clock signal is
connected to OSC; and OSC: is open.

CL,, CL2

These pins are input pins for the 32.768 kHz
crystal oscillator used for the precise watch.

Do — Dis (D Ports)

The D ports are input/output ports addressed
by bit. Each port output consists of an open-
drain PMOS, which realizes high-voltage and
high drive current capability on these port
pins. These pins are multiplexed with the
segment pins used for the VFD controller.

RO — RA (R Ports)
The R ports are 4-bit ports, except for R8 and

RA which are addressed by 2 bits. R9 and RA
are input ports and RO to R8 are input/output

ports. While R4 to R9 port pins are standard
pins, RO to R3 and RA pins are high-voltage
pins. Each RO to R3 output consists of an
open-drain PMOS which realizes high-volt-
age and high drive current capability on
these port pins. These pins are multiplexed
with the digit pins for the VFD controller. Port
pins R4o to R4s, R6o to R63 and R7o are multi-
plexed with peripheral pins.

INT,, INT;, INT2, INT: (Interrupts)

These signals externally interrupt the MCU.
INT; can be also used as an external event
input for timer B. INT, to INT3 are multiplexed
with R6o to R63, respectively.

SCK, SI, SO (Serial Communications
Interface)

The MCU is provided with a clock input/out-
put (SCK), receive data input (SI), and trans-
mit data output (SO) for a serial communica-
tions interface. SCK, SI and SO are multi-
plexed with R4, to R4:, respectively.

BUZZ (Timer Output)

This pin outputs a variable-duty square wave.
It is multiplexed with R7,.

FDo — FDss, FSo — FSis (VFD Controller)

FDo to FDis are the digit pins for the VFD
(Vacuum Fluorescent Display) controller.
They are multiplexed with port pins RO to R3.
FSo to FS;s are the segment pins for the VFD
controller. They are multiplexed with the D
port pins.

PWM (PWM D/A Converter)

This pin output a square wave from the PWM
D/A converter. It is multiplexed with pin R4s.
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Functional Description
ROM Memory Map

The following paragraphs describe the ROM
in detail. Figure 1 shows the ROM memory
map.

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for the JMPL instruction which results in a
branch to the starting address of the reset
routine and the starting address of the inter-
rupt service routine. After reset or interrupt
execution, the program starts from the vector
address.

Zero-page Subroutine Area (S0000 to
SO003F): Locations $0000 through $003F are
reserved for subroutines to which the CAL
instruction branches the program.

Pattern Area (S0000 to SOFFF): Locations
$0000 through $OFFF are reserved for ROM
data which can be referred to as a pattern by
the P instruction.

Program Area

(S0000 to S1FFF : HD404708,

$S0000 to S3FFF : HD404709/HD4074709):
Locations $0000 through $1FFF, $3FFF can
be used for the program code.

0 $ 0000 o JMPL Instruction_]$ 0000
Vector Address 1 {(Jump to RESET Routine) |$ 0001
15 $ OOOF 2 JMPL Instruction - $ 0002
16 '$ 0010 3 {Jump to TNT, Routine) $ 0003
) 4 JMPL Instruction $ 0004
[ Zero-Page Subroutine 5 {Jump to INT; Routine) $ 0005
(64Words) "
63| $ O03F 6] JMPL Instruction $ 0006
64 $ 0040 7] (Jump to TIMER A Routine) 7 $ 0007
Pattern 8 JMPL Instruction $ 0008
{4096 Words) 9 (Jump to TIMER B Routine) |$ 0009
4095 $ OFFF 10| JMPL Instruction _‘ $ O00A
11 J to TIMER C Routi

4096 HDA404708 $ 1000 (Jump ! outine} |$ 0008
Program 12;- JMPL Instruction _|s 000cC
9 13{{Jump to SERIAL/INT, Routine)]$ 000D
(8192 Words) 1 JMPL Instruction $ 000E
8191 $ 1FFF 15} (Jump to KEYSCAN/INT; Routine} | $ OOOF

8192 $ 2000

HD404709/HD4074709
? Program
(16384 Words)
16383 $ 3FFF
Figure 1. ROM Memory Map
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RAM Memory Map

The MCU contains 512 digits of 4-bit RAM for
the data and stack areas. In addition to these
areas, interrupt control bits, special function
registers and a VFD data area are also
mapped on the RAM. The following para-
graphs describe the RAM in detail. Figure 2
shows the RAM memory map.

Interrupt Control Bit Area (S000 to $003,
$020 to $023): This area is used for interrupt
control. Figure 3 shows this area. It can be
accessed only by the RAM bit manipulation
instructions.

The interrupt request flag cannot be set by
software. The RSP bit resets only the stack
pointer. The state of the LSON flag depends
on the low power mode. The WDON flag is
affected by the SEM and SEMD instructions
only.

Special Function Registers Area (S004 to
SO1F, $024 to SO3F): This area consists of
mode or data registers for external interrupts,
the serial interface, the timer/counter, and
data control registers for all I/O ports. There
are three types of the registers: read-only,
write-only and read/write. These registers
cannot be affected by the RAM bit manipu-

lation instructions.

VFD Data Area (S060 to SO9F): This area
stores the data to be displayed on the VFD.
This data automatically appears in the VFD
segment. Data “1" indicates the segment is
ON and “0" indicates OFF. Also, this area is
available as a data area.

Data Area (S040 to SO4F, SOAO to $24F):
Location $040 through $04F, the memory
registers (MR), can be also accessed by the
LAMR and XMRA instructions. Figure 4
shows memory register area.

Stack Area ($3CO to $3FF): Locations $3C0
through $3FF are reserved for the stack area
to save the contents of the program counter
(PC), the status flag (ST) and the carry flag
(CA) during subroutine calls (the CAL and
CALL instructions) or during interrupt ser-
vicing. One level of subroutine requires four
digits, which allows the programmer to use
up to 16 levels of subroutines. Figure 4 shows
the stack area and saved data. The program
counter is popped off the stack by the RTN
and RTNI instructions, while the status and
carry flags are popped off the stack only by
the RTNI instruction. The unused area is
available as a data area.
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HD404708/HD404709/HD4074709

o $000 0 $000
RAM-mapped register 1 Interrupt Controf Bits Area $ 001
2 $002
Memory Register (MR} $ 040 3 $003
{16 Digits) 4} Port Mode Reg. A {PMRA): W |$004
Not Used $ 050 5] Serial Mode Reg. (SMR) | W |$005
6] Serial Data Reg. Lower (SRL) :R/W|$ 006
Segment Data RAM $060 7| Serial Data Reg. Upper (SRU) :R/W|$ 007
{64 Digits) 8| Timer Mode Reg. A (TMA) | W |$008
$0A0 9| Timer Mode Reg. B (TMB) : W |$009
DATA 10| *Timer B (TCBL/TLRL) :R/W/|$ 00A
(432 Digits) 11 (TCBU/TLRU) W $008
12| Miscellaneous Reg. (MIS) : W |$00C
$250 13| Timer Mode Reg. C (TMC) | W |$00D
14| *Timer C (TCCL/TCRL) ﬁ_/ﬂ $ 00E
Not Used 15 (TCCU/TCRU} :R/W|$ 00OF
16| VFD Segment Reg. (FSR) | W |$010
17| VFD Digit Reg. (FDR)© W |$011
$3C0o 18] Dimmer Mode Reg.  (DMR) | W |$012
Stack 19} VFD Control Reg. (VCR) iR/W|$013
(64 Digits) 20} Interrupt Mode Reg. {IMR) . W |$014
1023 $ 3FF 21] Port Mode Reg. B (PMRB) | W |$015
22{ PWM Data Reg O (PWDRO): W |$016
23| PWM DataReg 1 (PWDR1) : W |$017
24{ PWM DataReg 2 (PWDR2) | W |$018
25| PWM Data Reg 3  (PWDR3) : W |$019
Not Used
32 $020
Interrupt Control Bits Area
35 $023
* Two registers are mapped on Not Used
same address. 52| Port R4 DCR (DCR4) | W |$034
53| Port RS DCR (DCR5) | W [$035
R : Read Only 54| Port R6 DCR (DCR6) | W |$036
nw ; ;‘;’a';e/a/’:::'e 55| Port R7 DCR (0CR7) _ W [s037
56{ Port R8 DCR (DCR8) | W |$038
Not Used
63 $03F
10| Timer/Event Counter B Lower | R | Timer Load Reg. B Lower ‘w|so0A
(TCBL) : (TLRU) :
11| Timer/Event Counter B Upper R | Timer Load Reg. B Upper ‘w|s o008
(TCBU) {TLRU) :
14 Timer Counter C Lower ¢ R [ Timer Load Reg. C Lower ¢ W |$00E
(rcen) | (TCRL) ;
15 Timer Counter C Upper R | Timer Load Reg. C Uppet S w s o00F
(Tccu) ; (TCRU) g
Figure 2. RAM Memory Map
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bit 3 bit 2 bit 1 bit O
0 IMO IFO RSP I/E $000
(IM of INTo) (IF of INTo) (Reset SP Bit) (interrupt Enable Flag)
1 IMTA IFTA M1 IF1 $001
(IM of TIMER A) (IF of TIMER A) (IM of INT1) (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)
3 IMKS IFKS IMS IFS $003
(IM of KEY SCAN) (IF of KEY SCAN) (IMm of SERIAL) (IF of SERIAL)
IF : Interrupt Request Flag
IM : Interrupt Mask
I/E : Interrupt Enable Flag
SP : Stack Pointer
{Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMD instruction, and tested
by the TM/TMD instruction. This bit is not affected by other instructions. Furthermore, IF (interrupt request flag) is not affected|
by the SEM/SEMD instruction. The contents of status become invalid when the RSP bit and the bits which do not exist are|
tested.
bit 3 bit 2 bit 1 bit O
WDON LSON
° (Watch Dog ON Flag)|  (Low Speed ON Flag) $020
1 $021
2 Reserved $022
iM3 IF3 IM2 IF,
3 (IM of INT3) (IF of INT3) (IM of INT,) (IF of INT,) $023
{Note} The WDON flag is set by the SEM/SEMD instruction and reset by the MCU reset.
The contents of status become invarid when the WDON flag and the bits which do not exist are tested.
Figure 3. Interrupt Control Bits Area and Register Flag Area
Memory Registers Stack Area
61 [-MRO ] 5040 30 [Level 16 ]8 3CO
65 MR(1) $041 Level 15
66 |LMR2) $042 Level 14
67 MR(3) $043 Level 13
68 |_MR@&) $044 Level 12
69 MR(5) $045 Level 11
70 |_MR(6} $046 Level 10
71 LLMR(7) $047 Level 9 bit3 bit2 bit1 bit0
MR(8) | $048 Level 8 r___ T ___
72
73 LMR®_| sos9 Level 7 1970f ST | PCs ~ PCu  PCu | $3FC
MR(10) | $04A Level 6 _ r__ 1
74 —
1021 PC
75 | MROT) | so04B Level 6 PCuo > PCo PCy [S3FD
76 | MR(12) | s04cC Level 4 102 A e 1 [ I — aFE
77 LLMR(13) | s04D Level 3 2 ¢ | * S A
MR(14) 04E Level 2 — __ T ___
78 $ 1023 Pc; PC:  PC:  PCo |S3IFF
79 LMRU5) | $04F 1023| Level 1]g 3FF | | 1
PC,3—PCo; Program Counter
ST; Status
CA; Carry
Figure 4. Memory Register, Stack Area and Stack Position
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Register and Flags

The MCU has nine registers and two flags for
CPU operation. The following paragraphs
describe the registers and flags in detail.
Figure 5 shows these registers and flags.

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results
from the Arithmetic Logic Unit (ALU) as well
as transfer data between memories, I/O and
other registers.

W Register (W), X Register (X), Y Regis-
ter (Y): The 2-bit W register and the 4-bit X
and Y registers indirectly address the RAM.
The Y register is also used for D port address-

ing.

SPX Register (SPX), SPY Register (SPY):
The 4-bit SPX and SPY registers are used to
assist the X and Y registers, respectively.

Carry (CA): The carry flag (CA) indicates an
overflow resulting from the ALU during
arithmetic operation. It is also affected by the
SEC, REC, ROTL and ROTR instructions. The
content of the carry flag is pushed onto the
stack during interrupt servicing, and popped
off the stack by the RTNI instruction. This flag
is not affected by the RTN instruction.

Status (ST): The status flag (ST) indicates an
ALU overflow and ALU non-zero during
arithmetic or compare instructions and the
result of the bit test instruction. Moreover,
the status flag controls branches caused by
the BR, BRL, CAL or CALL instructions.
Whether these instructions are executed or
skipped, the status flag is set to 1. The state of
this flag remains unchanged until the next
arithmetic, compare, bit test, and branch
instruction is executed. During interrupt ser-
vicing, the content of the status is pushed
onto the stack, and popped off the stack by
the RTNI instruction. This flag is not affected
by the RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which holds
the ROM address.

Stack Pointer (SP): The stack pointer (SP) is
a 10-bit register which indicates the next
stack address. This pointer, which is initial-
ized to $3FF, is decremented by 4 when data
is pushed onto the stack, and is incremented
by 4 when data is popped off the stack. The
highest four bits are fixed to 1111, which
allows the pointer to indicate up to 16 levels
of subroutines. The stack pointer is initialized
when the MCU is reset or the RSP bit is reset
by the REM or REMD instructions.
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3 [¢]
[Z Accumulator
3 0

1.0
-m W Register

3 0
X Register

3 0
3 0

SPX SPX Register
3 o

SPY SPY Register

CA

Carry
.ST

. Status

13 (8]
[ PC Program
Counter
9 5 [*]
Ll ] ] sp S Eter

Figure 5. Registers and Flags

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300

G HITACHI

895

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD404708/HD404709/HD4074709

Reset

The MCU is reset by setting the RESET pin to
high level. At power-on or releasing the sys-
tem oscillator from stop state, the RESET
input must be applied for trc or for a longer
period in order to stabilize the oscillator. In
other cases, the RESET input for two instruc-
tion cycles resets the MCU. Table 1 lists the
initialization values for the registers and
counters at the MCU reset.

Interrupt

The MCU has nine interrupt sources; external
signals (INTo — INT3), timer counter (timer A,
timer B, timer C), serial interface, and key
scanning. For each interrupt source, an inter-
rupt request flag (IF), an interrupt mask bit
(IM) and vector address are provided in order
to control the interrupt request. The interrupt
enable flag (I/E) allows interrupt service.

Interrupt Control Bits and Interrupt
Service: Locations $000 through $003 and
$020 through $023 in RAM are reserved for
the interrupt control bits. These bits can be
accessed by the RAM bit manipulation
instructions. The interrupt request flags are
set only by signals from interrupt sources.
The MCU reset initializes the interrupt enable

flag and the interrupt request flags to 0 and
the interrupt mask bits to 1. Figure 6 shows
the interrupt control circuit block diagram.
Table 2 lists interrupt priority and vector
addresses for each interrupt source. Table 3
lists the state of the interrupt control bits for
interrupt service caused by each interrupt
source. An interrupt request occurs when the
interrupt request flag is set to 1 and the
interrupt mask flag is set to 0. In this case the
interrupt enable flag is then set to 1, an inter-
rupt occurs and a vector address correspond-
ing to the interrupt source is then obtained
from the PLA.

The sequence and flowchart for interrupt
service are shown in figures 7 and 8 respec-
tively. If an interrupt is requested, the current
instruction is completed in the first cycle. The
interrupt enable flag is then reset in the sec-
ond cycle. The contents of the carry flag,
status flag and program counter are pushed
onto the stack in the second and third cycles.
In the third cycle the program routine jumps
to the appropriate vector address and the
interrupt routine is executed. The user must
assign each vector address to the JMPL
instruction which branches to the starting
address of the interrupt routine. In the inter-
rupt routine, the interrupt request flag must
be reset by software.
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Table 1. Initial Values at the MCU Reset

Initial

Registers value Description
Program Counter (PC) $0000 The program is executed from address $0000
Status (ST) 1 The program branches by branch instruction
Stack Pointer (SP) $3FF The stack level is set to O
Interrupt Interrupt enable flag (I/E) (0] Any interrupts are masked
flag/mask Interrupt request flag (IF) [0} No interrupt request occurs

Interrupt mask (IM) 1 Interrupt request is masked
/O Port data reg. (PDR) (o] Output O is enabled

(high voltage pin)

Port data reg. (PDR) 1 Output 1 is enabled

(standard pin)

Data controf reg. (DCR) 0] Output buffer is OFF (in high impedance)

Port mode reg. A (PMRA) 0000 See port mode register A section
Port mode reg. B (PMRB) 0000 See port mode register B section

interrupt mode reg. (IMR) 0000 See interrupt mode register section
Timer/ Timer mode reg. A (TMA) 0000 See timer mode register A section
serial Timer mode reg. B (TMB) 0000 See timer mode register B section
Timer mode reg. C (TMC) 0000 See timer mode register C section
Serial mode reg. (SMR) 0000 See serial mode register section
Prescaler S $000 -
Prescaler W $00 -
Timer counter A (TCA) $00 e
Timer counter B (TCB) $00 -
Timer counter C (TCC) $00 T
Timer load reg. B (TLR) $00 -
Timer load reg. C (TCR) $00 -
Octal counter 000 T
VFD VFD segment reg. (FSR) 0000 See VFD segment register section
VFD digit reg. (FDR) 0000 See VFD digit register section
VFD dimmer mode reg. {(DMR)0000 See VFD dimmer mode register section
VFD control reg. (VCR) 0000 See VFD control register
PWM PWM data reg. (PWDR3-0) 0000 See PWM data register
Bit Low speed ON flag (LSON) O See low power dissipation mode section
register Watchdog timer ON flag [¢] See timer C section
(WDON)
Miscellaneous reg. (MIS) 0000 See miscellaneous register section

The following is the state of other registers and flags at the MCU reset:
In canceling Stop mode by the MCU

Registers reset In other cases at the MCU reset
Carry (CA) The value before the MCU reset may be The value before the MCU reset may be
Accumulator (A) changed. changed.

B register (B) In this case the MCU must be initialized In this case the MCU must be initialized
W register (W) by software. by software.

X/SPX register (X/SPX)
Y/SPY register (Y/SPY)

Serial data register (SR) Same as above Same as above
RAM The value before the MCU reset (the Same as above
value before the STOP instruction exe-
cution)
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Table 2. Vector Addresses and Interrupt
Priority

Vector
Reset and interrupt Priority _address
Reset $0000
INTo 1 $0002
INT,y 2 $0004
Timer A 3 $0006
Timer B a4 $0008
Timer C 5 $000A
Serial, INT2 6 $000C
KEY SCAN, INT3 7 $O00E

$ 000.0

743

Sequence Control
« Push PC/CA/ST]

A T

* Reset {/E
+ Jump to Vector
Address |

$002.0

Priority Control PLA L

$023.0

f

Figure 6. Interrupt Control Circuit Block Diagram
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Table 3. Interrupt Service Conditions

Interrupt Source

Serial, Key Scan,
Interrupt Control Bit INTo INT, Timer A Timer B Timer C INT, INT3
I/E 1 1 1 1 1 1 1
IFO - IMO 1 o] o] (9] o 0 0
IF1 « IM1 * 1 0 0 o 0 0
IFTA - IMTA * * 1 (o] (0] [¢] 0
IFTB - IMTB * * * 1 o} 0] o]
IFTC - IMTC * * * * 1 0o 0
IFS « IMS + IF2 - IM2 * * * * * 1 0
IFKS - IMKS + IF3 - IM3 * * * * * * 1
*: Don’t care
Instruction
Cycles
1 2 3 4 5 6
I i i L L i |
r T T T T T 1
Instruction
execution
. Stacking.
Interrupt Stacking. Vector address
accepted Reset of I/E is generated
JMPL instruction execution on the
vector address
Instruction
execution at
starting address
of the interrupt
routine
Figure 7. Interrupt Servicing Sequence
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INTERRUPT

Interrupt
Accept

I/E— O

Stack+—{PC)
Stack«—(CA)
Stack—{ST)

(— PC—$ 0002

le—{  PC—s 0004

TIMER A
] PC+—$ 0006 interrupt

=1 PC—$ 0008

l— PC—$000A

of
| PC.—$ 000C Yes INT; >
interrupt
e
te—  PC—$ 000E No
KEYSCAN
r
()
interrupt

X

< ACTIVE ’

Figure 8. A Flowchart of Interrupt Servicing
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Interrupt Enable Flag (I/E: $000, 0): The
interrupt enable flag controls all interrupts.
This flag is reset by interrupt service and set
by the RTNI instruction.

External Interrupts (INTo — INT3): The
external interrupt input is activated by the
port mode register (PMRA:$004, PMRB:$005).
The external interrupt request flags IFO and
IF1 are set at the falling edge of INTo and INT;.
IF2 and IF3 are set at the rising and/or falling
edge of INT2 and INT; respectively. The con-
tents of the interrupt mode register (IMR :
$014) specify the active edges. Figure 9
shows the interrupt mode register.

The INT; can be used as a clock signal input
to timer B. Then, timer B counts up at each
falling edge of the INT:. In this case, the
external interrupt mask flag (IM1) must be set
so that INT; should not request an interrupt.

External Interrupt Request Flags (IFO:
$000, 2, IF1:5001, 0, IF2:5023, 0, IF3:5023,
2): The external interrupt request flags, IFO
through IF3, are set depending on the edge of
INT, through INT; respectively.

External Interrupt Mask (IMO0:S000, 3,
IM1:$001, 1, IM2:5023, 1, IM3:5023, 3): The
external interrupt mask bits mask an inter-
rupt request caused by the external interrupt
request flags.

Timer A Interrupt Request Flag (IFTA:
$001, 2): The timer A interrupt request flag is
set when an overflow occurs in timer A.

Timer A Interrupt Mask (IMTA:$001, 3):
The timer A interrupt mask bit masks an
interrupt request caused by the timer A
interrupt request flag.

Timer B Interrupt Request Flag (IFTB:
$002, 0): The timer B interrupt request flag is
set when an overflow occurs in timer B.

Table 4. Interrupt Enable Flag

Interrupt enable flag (1/E) Interrupt
o Disable
1 Enable

Table 5. External Interrupt Request

Table 7. Timer A Interrupt Request

Flag
Timer A interrupt request interrupt
flag (IFTA) requests
(0] Disable
1 Enabte

Flag Table 8. Timer A Interrupt Mask Flag
External interrupt request Interrupt Timer A interrupt mask flag Interrupt
fiag (IFO, IF1, IF2, IF3) request {(IMTA) request
0] Disable 0] Enable
1 Enable 1 Disable {mask)

Table 6. External Interrupt Mask Flag

Table 9. Timer B Interrupt Regquest

Flag (IFTB)

External mask flag Interrupt
(IMO, IM1, IM2, IM3) request Timer B interrupt request flag Interrupt
0 Enable ({IFTB) request
(0] Disable
1 Disable (mask)
1 Enable
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Timer B Interrupt Mask (IMTB:$002, 1):
The timer B interrupt mask bit masks an
interrupt request caused by the timer B
interrupt request flag.

Timer C Interrupt Request Flag (IFTC:
$002, 2): The timer C interrupt request flag is
set when an overflow occurs in timer C.

Timer C Interrupt Mask (IMTC:$002, 3):
The timer C interrupt mask bit masks an
interrupt request caused by the timer C
interrupt request flag.

Serial Interrupt Request Flag (IFS:$003,
0): The serial interrupt request flag is set
when the octal counter counts eight transfer

clock cycles or when data transfer is halted
intermediately and the counter is reset.

Serial Interrupt Mask (IMS:$003, 1): The
serial interrupt mask bit masks an interrupt
request caused by the serial interrupt request
flag.

Key Scan Interrupt Request Flag (IFKS:
$003, 2): The key scan interrupt request flag
is set when the VFD controller is put in the
key scan mode.

Key Scan Interrupt Mask (IMKS:S003, 3):
The key scan mask bit masks an interrupt
request caused by the key scan interrupt flag.

Table 10. Timer B Interrupt Mask Flag
Timer B interrupt mask fiag Interrupt

Table 13. Serial Interrupt Request Flag

Serial interrupt request flag Interrupt

(IMTB) request {IFS) request
0 Enable o] Disable
1 Disable (Mask) 1 Enable

Table 11. Timer C Interrupt Request

Flag
Timer C interrupt request flag Interrupt
{IFTC) request
(o] Disable
1 Enable

Table 12. Timer C Interrupt Mask Flag

Table 14. Serial Interrupt Mask Flag
Serial interrupt mask flag Interrupt

(1IMS) request
o] Enable
1 Disable (Mask)

Table 16. Key Scan Interrupt Request
Flag

Key scan interrupt request Interrupt

Timer C interrupt mask flag Interrupt flag (IFKS) request
(IMTC) request o Disable
o] Enable
1 Enable
1 Disable (Mask)
Table 16. Key Scan Interrupt Mask Flag
Key scan interrupt mask flag Interrupt
{IMKS) request
(o] Enable
1 Disable (Mask)
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]IMRB[IMRZ’IMFH ‘IMRO!
i i The edge selection for INT2
The edge selection for INT3
IMR
Bit 3 Bit 2 The edge of INT3 to be detected
0] [0} No detection
1 the falling edge
1 [0 the rising edge
1 both the rising and falling edge
IMR
Bit 1 Bit 0 The edge of INT2 to be detected
o] [¢] No detection
1 the falling edge
1 0 the rising edge
1 both the rising and falling edge
Figure 9. Interrupt Mode Register
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Operating Modes

The MCU has two internal oscillation circuits.
The oscillation clocks are used in the state
shown in figure 10. Five operating modes are
available according to how the clock is used.

Tables 17, 18, 19, show low power dissipation
modes, the operations of low power dissipa-
tion modes, and I/0 state in low power dissi-
pation modes, respectively. Figure 10 shows
the transition of the MCU operation modes.

Table 17. Low Power Dissipation Modes

¢cpu"°" 2
Active Stop
$pealNote 1 Active Active mode Standby mode
(LSON = 0}
Stop Sub Active modeNote 3 Watch mode (TMA3 = 1)
(LSON = 1)

Stop mode (TMA3 = 0)

Notes: 1. &rer : Clock signal for peripherat function except for time base.

2. ¢cpu : System clock
3. Sub Active mode is an optional mode.
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RESET
Standby Mode Active Mode Stop Mode
i— ____________ ‘i i— ____________ I (TMA3=0)
]
: fosc Oscillate { SBY (Standby) : fosc Oscillate : STOP fosc Stop
1| feu Oscillate 1 ; feL Oscillate ¥ foL Oscillate
I écpu =  Stop { 1| écpu = feve | dcpu = Stop
i| fox = foxe + Hodok = foe : dak =  Stop
I drer = foye : Interrupt i| dper = forc ! deer =  Stop
! ! [
I | ! TMA3= 0 |
I
: : : : Watch Mode
I ' 1 !
| e
: i lTmMA3 = 1 ! [(TMA3= 1. LSON= 0 )]
| I I
: fosc Oscillate | SBY (Standby) || fosc Oscillate { STOP fosc Stop :
I feo Oscillate ; foL Oscillate : TS 1 fe Oscillate :
| #eru = Stop I H depu = fope | Time-Base* 1) || 4cPu = Stop '
t| $cx = fsus v ek = fsus ,1= o dox = fsus :
I deer = fope i Interrupt | gpe = foye [ dper = Stop !
e ] b ' | [
sToP | {
R o SBY [ |
| fosc : Main System Oscillator : I
feL : Sub System Oscillator l Sub Active Mode sTop ! I
for Time-Base : I(TMA3= 1, LSON= 1)
. |
fore : fosc/4 : fosc Stop fosc Stop |
fsus ~ /8 U e Oscillate H fo Oscillate !
dcru = : System Clqck 0 depy = fsus INT,, : écpy = Stop !
dox = : Clock for time-Base | boik = fsus Time-Base® 1) | gk = fsue |
iépeR = : Clock for other | dren = Stop 4 = Stop |
Peripheral Function. I stop || e !
LSON : Low Speed ON Flag ! SBY Tt TT T N
LSON= O : $cpu =Main Oscillator }
LSON= 1 : écpu =Sub Oscillator _1‘ “1): Interrupt Source

Figure 10. The Transition of the MCU Operation Modes
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Table 18. The Operations of Low Power Dissipation Modes

Standby Sub Active
Function Stop Mode | Watch Mode Mode Active Mode | ModeNote 7
System Oscillator Stop Stop Stop
Subsystem Oscillator Note 2
CPU Instruction Stop Stop Stop
Operation Execution
{(pcx)
RAM Hold Hold Hold
Registers, Reset Hold Hold
Flags
|/QNote 3 Reset Hold Hold
Peripheral INTo Reset Hold Hold
Function,
Interrupt INTq1- INT3 Reset Hold Hold
(¢ PeR)
Timer A Reset Hold Hold
Timer B Reset Hold Hold
Timer C Reset Hold Hold
Serial Reset Hold Hold
VFD Reset Hold/ /Note 8 Hold/
Reset”‘-’"e 4 ResetNote 4
PWM Reset Hold/ Hold/
ResetNote 4 Resethte 4
Time-Base | INTo Reset Note 5 Not Note 6 Noteb
Function,
Interrupt Time-Base Reset Note Note Note Noteb
{HPer)
Notes: V74 indicates active.

1

2. When decreasing Icc, stop oscillation by an external circuit.

3. Refer to Table 19.

4. Only timing generator is reset. The contents of the mode registers are retained.

5. Refer to section interrupt frame.

6. If TMA3 is set to 1, Timer A and INTo are switched to time-base function and interrupt,
respectively.

7. Sub Active mode is an optional mode.

8. VFD is active, but it displays nothing because the display data RAM stops working.
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Active Mode: In Active mode, the MCU
operates based on the clock generated by the
system oscillator.

Standby Mode: The SBY instruction causes
the MCU to enter Standby mode. In this
mode, the oscillator remains active and an
interrupt, the timer/counter and serial inter-
face are enabled. The CPU is halted, since the
clock which executes instructions has
stopped. The state of the the registers, RAM
and I/O pins remains unchanged even after
the MCU recover from Standby mode.

A RESET input or an interrupt request can-
cels Standby mode. In the case of the RESET
input, the MCU is also reset. When an inter-
rupt is requested, the MCU enters Active
mode and an instruction next to the SBY
instruction is executed. After this instruction
is completed, if the interrupt enable flag is
set, an interrupt is serviced,; if the flag is reset,
the interrupt request is suspended and the
program routine is resumed. Figure 11 shows
a flowchart of Standby mode.

Stop Mode: When the STOP instruction is
executed while TMA3 = 0, the MCU enters
Stop mode. In this mode, the system oscillator
is halted, and the MCU enters stopped state.

Stop mode is canceled by the RESET input, as
shown in figure 12. In this case, the RESET
input must be applied for a trc (stabilization

time) (See AC characteristics section.). During
Stop mode, the RAM holds its contents before
the MCU entered this mode. After canceling
Stop mode, the contents of the accumulator,
B register, W register, X and SPX registers, Y
and SPY registers, carry flag and serial data
register can be changed.

Watch Mode: The MCU enters Watch mode
by the STOP instruction during Active mode
and TMA3 = 1 or by the STOP or SBY instruc-
tion during Sub Active mode. Watch mode
can be canceled by the RESET input or timer
A/INTo interrupt request. For a detailed
description of the RESET input in canceling
mode, see Stop mode section. If Watch mode
is canceled by the timer A/INT; interrupt
request, the MCU enters either Active mode
or Sub Active mode depending on the state of
the LSON bit. When the MCU enters Active
mode, the interrupt request is delayed for a
half of the interrupt frame period (trc) in
order to wait stabilization of the system
oscillation (figure 13). In this case, MCU
operation is the same as that when canceling
Standby mode (figure 11).

Sub Active mode: When entering Sub
Active mode, the MCU operates based on the
clock generated by the 32.768 kHz oscillator
through CL; and CL2. Table 19 shows MCU
operation in Sub Active mode. As Sub Active
mode is optional mode, the selection must be
made in mask version orders.

Table 19. The State of Input/Output in Low Power Dissipation Modes

Output Input

Stop/Watch/ All Modes
Sub Active Mode (input state)

Standby Mode

Do — Dis Hold/Peripheral function output High impedance Input enable
RO — RA Hold/Peripheral function output High impedance input enable
Note: Applying Vcc — 0.3 to GND + 0.3V to the input state pins generates current between Vc¢c and
GND.
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WATCH/STBY

Oscillator Active
Periprieral Clocks  Stop/Active
Ali Other Clocks  Stop

{SBY Only}

{SBY Only)
{SBY Only)
{SBY Only)

{SBY Only)

Restart Restart
Processor Clocks Processor Clocks

i

Hardware NOP
Execution

1 RESET } RECOVER {Execute Next Instruction)

{dummy cycle}

Figure 11. A Flowchart of Watch and Standby Mode
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RESET

Internal clock —rl—rl-——r

Stop mode

b=

-l
=1

e

\

5

T

STOP instruction execution

|

=

tres

I
—

{more than stabilization time: tgc)

Figure 12. Timing Diagram When Canceling Stop Mode

interrupt
strobe

Interrupt
request

(only in
entering

Watch mode

Oscillation
stabilization
time

Active mode

—

Active mode}

4

trc

At CEEE LRl

T=2xtge: Interrupt frame period

!

tgc = Oscillation stabilization time

Figure 13.

Interrupt Frame

MIS : $00C

MIS3

MIS2

MIS1

MISO

L

1
J

Select trc

MIS
Bit 1 Bit O T/2, tpe
o] o} 0.12207 ms
(o] 1 7.8125 ms
1 [¢] 62.5 ms
1 1 Not Used

* Only when 32.768 kHz oscillation

T: Interrupt frame period

trc: Oscillation stabilization time

Figure 14. Miscellaneous Register

o

HITACHI

Hitachi America Ltd. ® Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 e (415) 589-8300

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003

909



HD404708/HD404709/HD4074709

Interrupt Frame: In Watch mode and Sub
Active mode, the time-base clock (écrk) is
applied to timer A and the INTp circuit. Pres-
caler W and timer A operates as the time-
base and generate the timing clock for the
interrupt frame. The interrupt frame period
(T) depends on the state of the miscellaneous
register as shown in figure 14.

In Watch mode and Sub Active mode, the
timer A/INT, interrupt occurs synchronously
with the interrupt strobe timing clock. When
the MCU wakes up to Active mode from
Watch mode, the interrupt request is delayed
for a half of interrupt frame period (trc). The
falling edge of INTy, which is input regardless
of the interrupt frame clock cycle, is equiva-

lent to that synchronous with the interrupt
strobe clock just after the falling edge. An
overflow and interrupt request in timer A
occurs synchronously with the interrupt
strobe clock. But, when MCU transfers the
watch mode to the active mode through the
timer A interrupt, INTo pin has to be high
level.

MCU Operation Sequence

Figures 15, 16 and 17 show the MCU operation
sequence. The RESET is an asynchronous
input, which resets the MCU regardless of the
MCU state.

‘ Power ON ’

No

RESET= 1
?

RESET

Reset
MCU

1.

ACTIVE

[} MCU ]
: operation cycle |
A

~PITE

Figure 15. A Flowchart of MCU Operation (1)
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‘ ACTIVE ’

Interrupt
request

1 RECOVER

Instruction
Fetch

PC
-— Next
location

Fetch
Complete

Instruction
Excution

STOP/SBY
?

LOW POWER

| antetetabae ettt b} r """"""" 3
! Low Power Dissipation } 1 Interrupt 1

! (o] tion H
: Mode Operation : ' pera '
e ———— I. _____ ] | I e ———— J

Figure 16. A Flowchart of MCU Operation (2) (MCU operation cycle)

G HITACHI
Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300 9N

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD404708/HD404709/HD4074709

LOW POWER

SBY/STOP/WATCH

SBY/STOP/WATCH
mode

Restart
Processor Clocks

y

Hardware NOP
Execution

RECOVER

Figure 17. A Flowchart of MCU Operation (Low power dissipation mode operation)
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Internal Oscillation Circuit oscillator through OSC; and OSC2, and with
the 32.768 kHz crystal oscillator through CLy
Figure 18 shows the internal oscillation cir- and CL..

cuit. The MCU can be connected with the

CL, CL, 0sc, 0SC,
Subsystem oscillator System Oscillator
l foL l fosc
Divider (1/8) Divider (1/4)
tsuscye fsue toe 1 feye
Timing Generator Timing Generator

{

time-base clock system clock
TMA3 -] selection selection LSON
! [ Prer depu
CPU
. . Peripheral function - ROM - RAM
time-base/interrupt Jinterrupt -1/0
- Register, Flag
Figure 18. Internal Oscillation Circuit
Figure 19. Layout of Crystal and Ceramic Filter
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Table 20. Examples of Oscillation Circuit

Oscillation circuit Constant
External clock £ .
{0SC1, OSC3) xtorna
Oscillator
—osc,

Open —{0SC,

Ceramic filter Ceramic filter: CSA4.00MG (Murata)
osciliator . Rf = 1MQ £20%, C1 = C2 = 30pF +20%
(OSC», 0SC2) ; osc,

}
coame L
<R
filter T.’ d
b

} 0sC,
C;

GND
Crystal oscillator Rf = 1MQ *20%,
(OSC,q, 0OSC») [ Cy = C2 = 10—22pF +20%
0SC4 Crystal: equivalent to circuit shown below
Crvstal & 2Ry Co = 7pF max.
¢ 0SC._ Rs = 1000 max.
2 f=1.0-4.5MHz
L Cs Rs
Co
Crystal oscillator & U Cy = C2 = 15pF *5%
(CLy, CL2) CL1 Crystal: MX38T(Nippon Denpa)
Co = 1.5pF typ. Rs = 14kQ typ.
Crstal 22 f = 32.768 kHz
cL2
C;
GND
T
Co

Notes: 1. Since the circuit constant changes depending on the crystal and ceramic filter resonator and
stray capacitance of the board, it is recommended that the user should consuit with the
engineers of crystal or ceramic filter maker to determine the circuit parameter.

2. Wiring among OSC;, OSCz, CLi, CL2 and elements should be as short as possible, and
never cross other wiring (see figure 19).

3. If the 32.768 kHz crystal oscillator is not used, CL1 pin must be fixed to GND and CL2 must
be open.
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Input/Output

The MCU has 50 input/output pins and six
input pins including 32 high-voltage, high-
current pins which are multiplexed with the

VFD controller pins. The state of the output
buffer of the standard pins depends on a
combination of the port data register (PDR)
and the data control register (DCR).

| < t PDR

3)———‘ CPU input
—

Input control

Vee
Vee 34
Pullup
MOS PMOS
Mask Option
Q (B) type only
®
NMOS
with Pull-up  without Pull-up
Mask option MOS (B) MOS (C)
DCR 0 1 0 1
PDR 0O 1 01 0 1 O
CMOS PMOS - - - ON- - -
buffer NMOS - - ON- - - ON -
Pullup MOS ONONONON - - -
Notes: 1. [—] : OFF
2

register (MIS2) to 1.
MIS R42/S0O pin

bit2  pmos
) ON
1 OFF

For R42/S0 pin, PMOS (A) is OFF when setting bit 2 of the miscellaneous

Power ed by | Cm ner.

Figure 20. Input/Output Buffer
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D Ports: The D ports are input/output ports
addressed by bit. The SED and SEDD instruc-
tions set the ports, and the RED and REDD
instructions reset them. The TD and TDD
instructions test these pins. Port pins Do
through Dis are multiplexed with the VFD
controller pins FS;s through FSo, respectively.

R Rorts: The R ports are ports addressed by
4 bits. The LAR and LBR instructions input
data through these ports, and the LRA and
LRB instructions output data through the
ports. The state of the output buffer of R4
through R8 depends on the data control reg-
ister (DCR4 to DCR8). R4o, R41, R4, R43, R6o to
R63, R7o are multiplexed with SCK, SI, SO
PWM, INT, — INT3 and BUZZ, respectively.
Table 21 shows the R port circuit types.

Mask Options: The HD4074709 selects a C
type circuit (without pullup MOS) or a D type
circuit (without pulldown MOS), as shown in

table 21. The HD404709/HD404708 can also
select the B type circuit (with pullup MOS) or
the E type circuit (with pulldown MOS). In
this case, however, these MCUs are not com-
patible with the HD4074709. If the
HD404709/HD404708 selects the E type
(with pulldown MOS), the source of the pull-
down MOS are connected to the Vdisp power
supply through the RA;/Vdisp pin by the
mask option.

How to Deal with Unused I/O Pins: The
state of unused pins must be fixed to Vcc in
order to prevent the LSI from malfunctioning
due to noise. Note the following cautions
before connection. Without pulldown MOS
and without pullup MOS are selected for high
voltage pins and standard pins, respectively.
The contents of PDR and DCR of target pins
must be retained as in reset state. The target
pins must not be selected as a peripheral
function I/O pins.
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Table 21. Input/Output Pin Circuit Type
With puliup MOS (B) Without pullup MOS (C) Pin name
/0 R4o — R43
pins Input R50 — R53
corﬁw_‘D’——-v CPU input ot — R6o — R63
CONtre input R70 - R73
Vee (Vg < R80 — R8;
Input R90 — R93
pins
Vee
® ot comrol — L CPU input @m——— CPU input
Peripheral SCK (output) Note 1
/0
Pins CPU input
8CK
1]
£
a
B {7 ]
3
c
o} B
n
Peripheral SO
output PWM
Pins ::nopn‘::ol CPU input .c':)pl::ol CPU input BUZZ
—@
By N
Peripheral SCK (input)} Note 1
input Sl
Pins INTo
INT,
%: - >. INT,
input input ] NT3
Input conteol CPU input Input control [ CPU input
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Table 21. Input/Output Pin Circuit Type (Continued)
Without pulidown MOS (D) With pulidown MOS (E) Pin name
1/0 Vee Vee Do — Dis
pins (] [ATr ] o] m ROo — RO3
0} [ron ] O [7on ] R1o — R13
Ve R20 — R23
Vam R30 — R33
Input RAo — RA;q
c |Pins
‘a Input
g Input control CPU input
g ( ) control Y= CPU input Vee
o
3
< Voo
= (Rag only}
T
Peripheral FSo — FS1s
output FDo — FD1s
pins Vee
Vo F
a1 | @y T
S
O Be
Voo
Input comtrol P> CPU input
Input co_mrol_—l)—_' CPU input
Notes: 1. If the external clock is selected to the MCU as the clock source for the serial interface, SCK
is used as an input pin.

2. In Stop mode the MCU is internally reset and the selected peripheral function is canceled.
The HLT signal goes to 1 and the 1/O pins are put in high impedance.

3. InWatch/Sub Active mode the HLT signal is 1 and the output pins are put in high impedan-
ce. During these modes the pins selected to peripheral input or input/output must be fixed
to input level, otherwise the current through Vcc and GND is generated.

4. The mask option of the circuit type is shown in the following. The mask ROM type MCU is
compatible with the ZTAT type only when the mask ROM type selects the C and D circuit
type.

Circuit type
B C D E
Product type
Mask ROM
type .
(HD404709 option
HD404708)
ZTAT type X
{(HD4074709) fixed
@ HITACHI
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MIS3

MIS2 | MIS1

MISO

MIS (Miscellaneous Reg.) ADR=$00C

SMR3

SMR2 | SMR1

SMRO

l

SMR (Serial Mode Reg.) ADR=$005

PMRA3[PMRA2|PMRA1

PMRAOQ|

PMRA (Port Mode Reg. A) ADR=%004

R4, /SO pin PMOS mode selection
R7,/BUZZ pin mode selection

R4, /SCK pin mode selection

l————— R4, /SO pin mode selection

PMRB (Port Mode Reg. B) ADR=8$015

R4, /Si pin mode selection
R6q /INTy pin mode selection
R6, /INT, pin mode selection

PMRB2/PMRB1[PMRBO]
I——— R6, /INT, pin mode selection
R63 /INT3 pin mode selection
R43; /PWM pin mode selection
SMR Port MIS Port
bit 3 Select bit 3 Select
[o] R4, o] R7,
1 SCK 1 BUZZ
PMRA Port PMRA Port PMRA Port PMRA Port
bit 3 Select bit 2 Select bit 1 Select bit O Select
(o] R6, (] R6g o] R4, (o] R4,
1 INT, 1 NT, 1 S 1 o]
PMRB Port PMRB Port PMRB Port
bit 2 Select bit 1 Select bit O Select
[0} R4 (o] R6; o] R6,
1 PWM 1 INT, 1 INT,

Figure 21. Pin Mode Selection Registers
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Timer

The MCU contains two prescalers (prescaler
W and prescaler S) and three timer/counters
(timer A, timer B, timer C). Figures 22 and 23
show the block diagrams of the timers. The
function of the timers depend on the state of
the bits as shown in table 22.

Prescaler S: Prescaler S is driven by the
system clock. This prescaler, after being
initialized to $000 by the MCU reset, divides
the system clock frequency. During Watch
mode and Sub Active mode, dividing opera-
tion stops and count value is retained. When
the mode is canceled, dividing operation re-

starts. From among the prescaler outputs the
input clock of the timer and the transfer clock
of serial interface are specified by timer mode
registers (TMA, TMB, TMC) and serial mode
register (SMR) respecitively.

Prescaler W: Prescaler W is driven by the
CL1 input clock divided by 8. This prescaler,
after being initialized to $00 by the MCU
reset, divides the input clock frequency. The
input clock of the timer A may be specified
from among prescaler W outputs, depending
on the state of timer mode register A. In this
case, prescaler W and timer A can be reset by
software.

Table 22. Selecting Functions of Timers

A/B/C
Timer A Timer C
Condition Function Condition Function
TMA3 = 0 system clock base WDON = 0 automatic reloading
interval timer (MIS3 = 1) timer
TMA3 = 1 time-base for watch (square wave output
circuit using R7¢/BUZ2)
Timer B WDON = 1 watchdog timer
Condition Function
TMB2 - 0 X 111 automatic reloading
timer
TMB2 — 0 = 111 event counter
PMRA3 = 1 {using R61/INT,)
37 kHz (tsuBeyc!
Crystal Prescaler-W (5 bit)
Oscillator
NG
Il Bl B
Timer A MPX,
3 ON:TMA3 = 1t
TMA {4 bit) TCA (8 bit)
Timer Counter A I_“‘I IFTA
Interrupt
3 Request Flag
ON:TMA3= 0 of Timer A
[ Timer A MPX, J———
< | @
~(212(8]12
~N |- @| ™|~ |nv -~
Il A B Bl el il el I
I (s:‘l'::“‘ {tore) Prescaler-S (11 bit) ]
Figure 22. Timer A Block Diagram
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| Internal Bus Line (S1) ]
4
TMB (4bit} l
Timer Mode Reg. Bl TLB (4 bit) Ya
3 Timer Latch Reg. B
Bl | REE
< TCB (8bit) T8
@—— Timer B MPX Timer/Event Counter B
{ , * { } * * ’ Interrupt Request Flag
wla g TLR (8bit) of Timer B
~lelw $ N “u;‘, i Timer Load Reg. B
| (T e
ta ta
I Internal Bus Line {S2) |
System Prescaler-S (11 bit)
Clock
| Internal Bus Line (S1) 1
x4a
< |® BUZZ
ol NN -
~lelo|285]18]8 TLC (4bit) 14
S RN R R R R R Timer Latch Reg. C Pulse Width Modulation Out
F Ty -
Timer C MPX TeC (8biv hY%
Timer Counter C L 3 Interrupt Request
IEEEEEREE o Flag of Timer C
43 MPX
TCR (8bit)
TMC (4 bit) Timer Load Reg. C System
Timer Mode Reg. C (Watch Dog) |Reset
P ra
L Internal Bus Line (S2) |
$020, 1 4
'WDON
(SET only)
Figure 23. Timer B/Timer C Block Diagram
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Timer A Operation: Timer A is initialized to
$00, and then counts up at every input clock.
If an input clock is applied to timer A after the
timer is $FF, an overflow occurs and timer A
is set to $00. The overflow causes timer A
interrupt request flag (IFTA: $001, 2) to go to
1, and the timer continues to count up from
$00. Timer A is an interval timer in which an
overflow occurs every 256 clock inputs.

Timer A can also be used as the watch time
base when the TMAZ3 bit of timer mode reg-
ister A is set to 1. The timer is driven by the
32.768 kHz oscillator clock frequency divided
by prescaler W. In this case, prescaler W and
timer A can be initialized by software. The
input clock of timer A is controlled by timer
mode register A.

Timer B Operation: Automatic reloading,
input clock source and prescaler dividing
ratio of timer B depend on the state of timer
mode register B. When using the external
event input as the input clock source of timer
B, the R6,/INT; pin must be defined as INT,,
by the port mode register (PMRA: $004) and
an interrupt must be masked by the external
interrupt mask bit (IM1).

Timer B is initialized to the value set in timer
load register by software, and is then in-
cremented by one every clock input. If an

input clock is applied to timer B after the
timer is $FF, an overflow occurs. In this case,
if automatic reloading is enabled, timer B is
initialized to the initial value; if reloading is
disabled, the timer is initialized to $00. The
overflow sets the timer B interrupt request
flag (IFTB: $002, 0).

Timer C Operation: The automatic reload-
ing, and the prescaler dividing ratio of timer
C depend on the state of timer mode register
C. Timer C is initialized to the value set in the
timer load register by software, and is then
incremented by one every clock input. If an
input clock is applied to timer C after the
timer is $FF, an overflow occurs. In this case,
if automatic reloading is enabied, timer C is
initialized to the initial value; if reloading is
disabled, the timer is initialized to $00. The
overflow sets the timer C interrupt request
flag (IFTC: $002, 2).

Timer C also functions as a watchdog timer.
When the program routine goes out of control
and an overflow occurs while the WDON flag
is set, the MCU is reset. Moreover, timer C
provides a variable-duty pulse output (BUZZ).
The output waveform depends on the state of
timer mode register C and timer load register,
as shown in figure 24. During the pulse out-
put, the R70/BUZZ pin must be defined as
BUZZ by the miscellaneous register.

TX(TCR + 1)
TMC3=0
T Tx256
TMC3=1
Tx(256-TCR)
T: Input clock period to the counter.
TCR: the value of timer load reg. C
Figure 24. Variable-duty Pulse Output Waveform
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Timer Mode Register A (TMA: $008):
Timer mode register A is a 4-bit write-only
register which controls timer A as shown in
figure 25. This register is initialized to $0 by
the MCU reset.

Timer Mode Register B (TMB: S009):
Timer mode register B is a 4-bit write-only
register which determines whether or not the
MCU provides automatic reloading and
selects the input clock and the prescaler
dividing ratio. This register is initialized to $0
by the MCU reset. The contents of the regis-
ter can be changed at the second instruction
cycle following write instruction execution.
Timer B must be programmed not to be

initialized by the write instruction to timer
load register until the timer mode is enabled.

Timer Mode Register C (TMC: S00D):
Timer mode register C is a 4-bit write-only
register which determines whether or not the
MCU provides the automatic reloading and
selects the prescaler dividing ratio. This reg-
ister is initialized to $0 by the MCU reset. The
contents of the register can be changed at
the second instruction cycle after write
instruction execution. Timer C must be pro-
grammed so as not to be initialized by the
write instruction to timer load register until
the timer mode is enabled.

TMA: $008

|TMA%ITMAZITMA1’TMA(#
[
K Select timer A

input clock

Select timer A
input prescaler

TMA3 TMA2 TMA1 TMAO

Source prescaler, input Clock
period, operation mode

(o] (V] 0 O PSS, 2048 teyc
1 PSS, 1024 t¢,. Timer A
1 O PSS, 512 teye mode
1 PSS, 128 tgy
1 0 0O PSS, 32 teye
1 PSS, 8 teye
1 (0] PSS, 4 toyc
1 PSS, 2 toye
1 o (o} 0 PSW, 32 tsypeye
1 PSW, 16 tsugeye TimMme
1 0 PSw, 8 tsuscyc  base
1 PSW, 2 tsyscyc Mode
1 0 O PSW, TCA reset
I
1 o]
1

tsuBcye =244 .14yus (when using 32.768 kHz
crystal oscillator)

1cyc=0.9536us (when using 4.1943 MHz
crystal oscillator with divide-by-4)

Timer counter overflow output period (s) =
Input clock period (S) x 256

Figure 25. Timer Mode Register A

G HITACHI

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300

923

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD404708/HD404709/HD4074709

Timer B (TCBL: $00A, TCBU: $00B, TLRL:
SO00A TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit
read-only timer/event counter. Each has a
low digit (TCBL: $00A, TLRL: $00A) and a
high digit (TCBU: $00B, TLRU: $00B).

The timer/event counter is initialized by
writing data to the timer load register. In this
case, the user must write data to the lower
digit first. The timer/event counter is initial-
ized to the value set in the timer load register
with a write cycle of the higher digit. The
timer load register is initialized to $00 by the
MCU reset.

Timer B count value is obtained by reading
the timer/event counter. In this case, the user
must read the higher digit first. The count
value is latched at the time when the higher
digit is read.

Timer C (TCCL: $00E, TCCU: SOOF,
TCRL: $O00E, TCRU: SO0F): Timer C consists
of an 8-bit write-only timer load register and
an 8-bit read-only timer/counter. Each of
them has a lower digit (TCCL: $00E, TCRL:
$00E) and a higher digit (TCCU: $00F, TCRU:
$00F). Timer C operation is the same as that
for timer B.

TMB: $009
’TMB:ﬂH‘MBZ}TMBqTMBCi
pm——————i
[ Seiect timer B
input clock
Select automatic
reloading
automatic
TMB 3 reloading
[¢] disabled
1 enabled
Input clock period and
TMB 2 TMB 1 TMB 0 input clock source
(o] (] (o] 2048 tcyc
0 o 1 512 teye
o] 1 o} 128 teye
o 1 1 32 teye
1 0 (o] 8 teye
1 0o 1 4 teye
1 1 0 2 teye
1 1 1 INT; (external event
input)
teye=0.9536us (when using 4.1943MHz crystal
oscillator with divide-by-4)

Figure 26. Timer Mode Register B

TMC: $000
FMCC*‘MCZ‘TMMITMCO
e
[ Select timer C
input clock
Select automatic
reloading
automatic
TMC 3 reloading
0 disabled
1 enabled

TMC 2 TMC 1 TMC 0 Input clock period
0 0 2048 teyc

1 1024 teye
0 512 teye
1 128 teye
) 32 toyc
;

0

1

8 teye
4 tCYC
2 teye

teye =0.9536us (when using 4.1943MHz crystal
oscillator with divide-by-4)

Figure 27. Timer Mode Register C

alalalalololo|lo

= =(0|lO|=]|=|0O
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Serial Interface

The serial interface transmits/receives 8-bit
serial data. It consists of the serial data regis-
ter, the serial mode register, the port mode
register A, the octal counter and the multi-
plexer (figure 28). The R40/SCK pin and the
transfer clock signal are controlled by writing
data to the serial mode register. The serial
data register can by read and written by
software. The contents of this register can be
shifted synchronously with the transfer clock

signal.

The serial interface is activated by the STS
instruction. The octal counter, which is
initialized to $0 by the STS instruction, starts
to count at the falling edge of the transfer
clock signal (SCK) and is incremented by one
at the rising edge of the clock signal. When
the counter is reset after eight clock signals
are input or when data transmission is dis-
continued, the serial interrupt request flag is
set.

Table 23. Serial Interface Operation Modes

SMR 3 PMR 1 PMR 0 Serial interface operation modes

1 (o} (0] Clock Continuous Output mode
1 [} 1 Transmit mode
1 1 (o] Receive mode
1 1 1 Transmit/Receive mode
System . OC (3 bit) SROF
Octai iF
Clock Prescaler {11 bit) o S
I interrupt
(3 Request Flag
NEE B of Serial Inter-
L ld face
SERIAL MPX ., MPX | Internal Bus Line s |
i 14 14
SCKI"SR (8 bit)
3 Serial Data Register
SMR (4 bit) PMRA (4 bit)] Ta Ta
" Senglazode . Pogtegl\{llo\de I Internal Bus Line  ({S2) I
SCKI
l Internal Bus Line {82) J £ 2
i 1
R4,/5CK R4,/S R4,/SO
Port 'Port Port
= O @
Figure 28. Serial Interface Block Diagram
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Serial Mode Register (SMR: $006): The
serial mode register is a 4-bit write-only reg-
ister which controls the R40/SCK pin and the
transfer clock signal. When data is written to
this register, the serial interface is internally
initialized. Write signal to the serial mode
register discontinues the transfer clock to the
serial data register and octal counter, resets
the counter to $0, and sets the serial interrupt
request flag if previous value of octal counter

was not $0 (figure 29).

The contents of the serial mode register is not
valid until the second instruction cycle after
the write instruction execution. The user
must program the STS instruction to be
executed after this instruction cycle. The
serial mode register is initialized to $0 by the
MCU reset.

SMR: $005

FMR SMRﬂngFMFq
I Select transfer clock

Select R4o/SCK pin mode

SMR3 R49/SCK
(0] Used as R4g port input/output pin
1 Used as SCK input/output pin

Transfer Clock

Pr ! Ti fer Clock
SMR2 SMR1 SMRO R4¢/SCK Port Clock Source Divide Ratio Period
0 (o] (o] SCK Output Prescaler + 2048 4096 tcyc
0 0 1 SCK Output Prescaler + 512 1024 teyc
o] 1 0 SCK Output Prescaler + 128 256 teye
(o] 1 1 SCK OQutput Prescaler <+ 32 64 tcye
1 o} (o] SCK Qutput Prescaler + 8 16 teye
1 (o} 1 SCK Output Prescaler = 2 4 teye
1 1 [o] SCK Output System clock 1 teye
1 1 1 SCK Input External clock
teye=0.9536us (when using 4.1943MHz crystal oscillator with divide-by-4)
Figure 29. Serial Mode Register
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Serial Data Register (SRL: $006, SRU:
$007): The serial data register is an 8-bit
read,/write register which consists of a lower
digit (SRL: $006) and a higher digit (SRU:
$007). The data in this register is output from
the least significant bit (LSB) through the SO
pin synchronously with the falling edge of
the transfer clock. External data is then writ-
ten to the register from the LSB through the
SI pin synchronously with the rising edge of
the tranfer clock. Figure 30 shows the timing
chart for the transfer clock and data input/
output clock.

The serial data register must not be read or
written until the data transmission is com-
pleted. If the register is read or written dur-
ing the data transmission, the data may be
changed.

Serial Interface Operation Modes: Table
23 lists the serial interface operation modes.
The user must specify the state of the port
mode register and serial mode register as
listed in the table. In changing the operation
modes, the serial interface must be internally
initialized by writing data to the serial mode
register.

The State of Serial Interface: The serial
interface is provided with three different
states as shown in figure 31. In STS waiting
state, the serial interface is internally initial-
ized. In this case, even the transfer clock

input does not enable the serial interface.
When the STS instruction is executed during
this state, the serial interface system enters
SCK waiting state. If the transfer clock is
applied to the MCU during this state, the
interface system enters transfer state, which
enables the octal counter and the serial data
register. In this case, if the system is in the
clock continuous output mode, the system
remains in SCK waiting state and the transfer
clock is continuously output.

If eigth transfer clock cycles are applied to
the MCU or the STS instruction is executed
during the clock transfer state, the octal
counter is reset to 000 and the interface sys-
tem enters the SCK waiting state. When the
system is changed from the transfer state to
another state, the counter is reset to 000,
which sets the serial interrupt request flag.

When the internal transfer clock is used, the
STS instruction triggers the transfer clock
output. The clock output is stopped after
eight clock cycles. When data is written to
the port mode register during the SCK wait-
ing state or transfer state, the serial interface
must be internally initialized by writing data
to the serial mode register. After performing
a write to the serial mode register, the serial
interface system is put in the STS waiting
state.

e LUUUUUUY

Serial Output Data

Serial Input Data
Latch Timing

Figure 30. Serial Interface Timing Diagram
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Example of Transfer Clock Error Detec-
tion: The serial interface system malfunc-
tions when an external noise pulse is super-
imposed over the transfer clock pulse. Such
errors can be detected through the procedure
shown figure 32.

For example, if, after eight clock cycles, the
transfer clock continues to be applied to the
MCU during transfer clock wait state, the

state of the serial interface system is changed
to transfer state. This state remains un-
changed for next eight clock cycles, and the
system is then changed to SCK waiting state
again. The serial interrupt request flag must
be reset before entering the serial interface
system into the STS waiting state by writing
data to the serial mode register. This proce-
dure sets the interrupt request flag again.

STS Waiting State

(Octal Counter =000 )
Transfer Clock Disable

Transfer Clock

SCK Waiting State
{Octal Counter =000}

STS Instruction

Transfer State

(Octal Counter +000)

(IFS<1)

Figure 31.

Serial Interface Operation State

Transmit/Receive
(IFS« 1)
I
Interrupt
I Disable l

l

[ IFS <0 ]

|

Write to
SMR

<z

No

Normal End

Transfer Clock
Error Processing

Figure 32.

Example of Transfer Clock Error Detection
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VFD (Vacuum Fluorescent Display)
Controller

The MCU has a controller which controls up
to 16 digit pins and 16 segment pins and a
high-voltage, high current driver, which
enables easy VFD display operation. The
controller part consists of the VFD data RAM,
the VFD control register (VCR), the dimmer
mode register (DMR) and the display timing
generator. The driver part consists of 32 high-

voltage, high current pins, the VFD segment
register (FSR) and the VFD digit register
(FDR), which specifies the display format
from 8 segments X 2 digits up to 16 segments
X 16 digits.

One display frame is divided into 17 periods.
16 periods are used for VFD, and 1 period is
used for key scanning. When key scanning is
enabled, the CPU can control all the segment/
digit pins as D port/R port.

[ inTERNAL BUS (52}

[ INTERNAL BUS (51)

1 r1 P &3 L 4 y X4 s
ESF ! :“’ f,';“;oh;l:e'" DMR (4 bit) Display Data FOR (4 bit) FSR (4 bit)
F;;sca bit Dimmer Mode Reg. RAM VFD Digit Reg. VFD Segment Reg.
(64 digit x 4 bit)
7 V4 14
System
Clock
1
IFKS ~ VFD Timing Generator -
16 16
data control data control

Digit Signal Output Terminal
0 1 2 3 4 8 9 10 1112 13 14 15

Segment Signal Outpyt Terminal
15 14 13 12 11 10 8 8

[+]

Hnnnn

Roo Ro1 Roz Roa Rio Ry1 Riz Riz Rzo Ray R2z R2a R3o Ray Raz Rag

T

l

14 s

Figure 33. VFD Controller Block Diagram
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Example of Connection with the VFD

Figure 34.
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VFD Data RAM: Table 24 lists the addresses
of the VFD data RAM. The RAM area unused

in the display mode can be assigned for gen-
eral purpose.

Table 24. The VFD Data RAM Addresses

Do | D1 | D2 | D3| Ds|Ds | De | D7 | Dg | Dg |D1o|D11|D12| D13 D14 | D1s
Pin Segment
Digit 15114 (13 (1211 /10| 9 8 7 6 5 4 3 2 1 o

ROo (o] $090 $080 070 06

RO, 1 $091 $081 $071 $061

RO2 2 $092 $082 $072 $062

RO3 3 $093 $083 $073 063

R1o 4 $094 $084 $074 $064

R14 5 $095 $085 $075 $065

R12 6 $096 $086 5076 $066

R13 7 $097 $087 $077 $067

R2o 8 $098 $088 078 068

R2;4 9 $099 $089 $079 $069

R2, 10 $09A J$08A Q7 O6A:

R23 11 $098B $088 078 $068

R3o 12 $09C $08C $07C $06C

R3, 13 $08D $08D $07D $06D

R32 14 $O09E $08E $07E $06E

R33 16 $09F $08F $07F $O6F

Notes: 1. In each segment, the right end corresponds to the LSB and the left end to the MSB.

data. In this example, other locations can be used for general purpose.
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The halftone indicates the VFD data RAM location used in displaying 8-segment x 12-digit

The contents of RAM addresses $07C — $07F and $06C — $O6F (not display data) are
output from segment pins at the timing of digit 12 —15.
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VFD Control Register (VCR: $013): The
VFD control register consists of a write-only
bit and a read/test-only bit.

The VFD mode bit (FLMO: $013, 0) is a write-
only bit which selects a frame period of either
3264 or 6528 instruction cycles. This bit is
initialized to O by the MCU reset.

The key scan flag (KSF: $013, 3) is a read/test-

only flag. This flag indicates either the display
period or the key scan period. The key scan
period is one-seventeenth of the frame
period. During the key scan period, the D port
and RO through R3 port pins are controlled by
the CPU for general purpose. When using
these pins, key scanning can be enabled by
software. At the rising edge of the key scan
flag the key scan interrupt request flag is set
to 1.

VCR: $013
3 2 1

e DS pwd

[

VCR

bit 3 Period

0 display period

1 key scan period

VCR

bit 0 T frame: fr: period

Selects VFD frame period

Selects key scan period

T dimmer: dimmer r

T digit: key scan/digit period

1 3264 to,, 3113 us” 192 toye

183.1 us*

12 teye 11.44 us*

0 6528 toye 6226 us* 384 toye

366.2 us*

24 teyc 22.89 us*

* teye = 0.9536 us (when using fosc = 4.1943MHz crystal oscillator with divide-by-4)

Figure 35. VFD Control Register
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Dimmer Mode Register (DMR: $012): The
dimmer mode register is a 4-bit write-only
register which controls the VFD driver pin
mode and the digit signal output waveform.
The register can specify the waveform from
among eight types as shown in figure 36. The
dimmer mode register is initialized to $0 by
the MCU reset. When specifying the

waveform, the user must take into consider-
ation the waverform resolution. For detailed
description of the resolution, see the VFD
control register section. DMR3 is used as a
master bit for the VFD controller. During
DMRS3 is 0, Do — Dyjs and RO — R3 function as
general purpose ports, and the display timing
generator is in reset state.

DMR: $012
3 2 1 "]
e
[
{ Selects digit signal waveform
Controls Do — D15 and RO — R3 mode
Controls display timing generator
DCR
bit 3 Do—D15and RO — R3 mode
(o] Used as general purpose ports
1 Used as VFD driver depending on
the state of FDR and FSR
DMR sl .
bit2 | bit1 | bit0 Digit signal waveform
S I Y e S T T
0 e R N
vl o e
ot ] ]
o | o bttt | | | | | |
1 1}Il%i{llllllﬁli{{
10}}{.EEJ||II‘{{{§%4
1%%%:%1}Jllﬁliiii%
* *
Tdigit
T dimmer
-
Note: indicates a timing of segment signal. For Tdigit and Tdimmer, see VFD
control register section.
Figure 36. Dimmer Mode Register
® HITACHI
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VFD Digit Register (FDR: $011), VFD
Segment Register (FSR: $010): The VFD
digit register and the VFD segment register
are 4-bit write-only registers which control
the VFD driver pins. The pins selected by the
these registers are used for the VFD driver or

general purpose, depending on the state of
bit 3 of the dimmmer mode register and the key
scan flag. All other pins are used for general
purpose. These registers are initialized to $0

by the MCU reset.

FDR: $011 FSR: $010
[FDR3IFDR2]FDR1,FDRO| }FSRC!IFSRZIFSFH[FSRO}
?I_ Select the number v\_ Select the number

of VFD digit pins of VFD segment pins
FDR The b Digit signal output FSR The number Segment signal
3210 ofdigit pins 3210 ofsegment output pins
0000 O none 0000 O none
0001 2 FDo/ROg — FD1/RO4 0001 8 FSo/D1s — FS7/Dg
0010 3 FDo/ROg — FD2/RO2 0010 9 FSo/D1s — FSg/D7
oo0t1 4 FDo/R0Oo — FD3/RO3 0011 10 FSo/D1s — FSg/Dg
0100 5 FDo/ROo — FD4/R1o 0100 M1 FSo/D1s — FS10/Ds
0101 6 FDo/ROg¢ — FDs/R1; 0101 12 FSo/D1s — FS11/Da
0110 7 FDo/ROo ~ FDe/R132 0110 13 FSo/D1s — FS12/D3
0111 8 FDo/ROo — FD7/R13 0111 14 FSo/D1s — FS13/D2
1000 9 FDo/R0Oo — FDg/R2o 1000 15 FSo/D1s — FS14/D1
1001 10 FDo/ROg — FDg/R2, 1001 16 FSo/D1s — FS1s/Do
1010 11 FDo/ROo — FD10/R22 1010 Notused
1011 12 FDo/ROo — FD11/R23 1011
1100 13 FDo/ROg — FD12/R30 1100
1101 14 FDo/ROg — FD13/R31 1101
1110 15 FDo/ROo — FD14/R32 1110
1111 16 FDo/ROo — FD15/R33 1111

Figure 37. VFD Digit Register and Segment Register
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PWM (Pulse Width Modulation) D/A
Converter

The PWM D/A converter is used to generate
DC voltage which controls the VTR tuner
using the voltage synthesizer method. This
converter provides 14-bit pulse-divided PWM
(Pulse Width Modulation) which realizes high
resolution and high speed response.

The D/A converter consists of four registers
and a pulse width modulator. When data is
written to the PWM data register 3, the data
is latched into the modulator and the PWM
data is then output synchronously with the
internal clock signal. It should be noted that
bits 2 and 3 of PWM data register 3 are inva-
lid. Figure 39 shows the flowchart of PWM D/
A converter operation.

Data Register Name and Address Bit Number READ/WRITE
PWM data register PWDR 3 ($019) 2 wW
PWM data register PWDR 2 ($018) 4 w
PWM data register PWDR 1 ($017) 4 w
PWM data register PWDR 0 ($016) 4 w
PWDR 3 PWDR 2 PWDR 1 PWDR O
($019) ($018) {($017) ($016)

XM END

3E

3k

o]

!

O—

system clock

Pulse Width Modulator

PWM wave output

_——c

R4,/PWM pin

Figure 38. PWM D/A Converter Block Diagram

‘ Start )

I;NM lower word dat:

a— PWDR2—-PWDRO]

PWM higher word data — PWDR3

Figure 39. A Sequence of PWM D/A Converter Operation
@ HITACHI
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PWM Registers PWM data register 3 (PWDR3: $019)
PWM data register 0 (PWDRO: $016) a 2-bit write-only data register
a 4-bit write-only data register 1 0
T T
3 0 | DA13 . DA12
T T T
DA3 DA2 . DA1 \ DAO
1
PWM Operation
PWM data register 1 (PWDR1: $017) Figure 40 shows the PWM waveform. One
. . . frame period has 64 clock pulses. The rela-
a 4-bit write-only data register tionship between total pulse width at low
level in one frame and the data value is re-
3 T - . 0 presented by the following equation; in the
DA7 DA6 DAS DA4 equation, tcyc indicates the instruction cycle
1 1 1 time.
PWM data register 2 (PWDR2: $018) T. = (PWDR value+64) X —%&

1 frame period = 8192 tcyc

a 4-bit write-only data register
tin = 128 teye

3 0o
T T T
DA11 DA10 | DA9 l DAS8 —|
1

resolution = —tczyc—

teye = 0.9536 us (when using 4.1943 MHz
crystal oscillator with divide-by-4)

| one frame period —{

e B e R R i

Te=ty +to + trg o + tiga

Tpy Shyp S hggmcreereneessenennraene =tea

Figure 40 PWM Waveform
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PROM Mode Pin Description

Table 25 and figure 41 describe the pin func-

tion in PROM mode.

Table 25. PROM Mode Signals

Pin No. MCU mode PROM mode Pin No. MCU mode PROM mode
DC-64S Pin DC-64S Pin
DP-64S FP-64B Pinname (/0 name /O DP-64S FP-64B Pin name 1/0 name 1/0
1 59 D11/FSa 1/0 33 27 R40/SCK  1/0

2 60 D12/FS3  1/O 34 28 R41/SI 1/0  Oa 1/0
3 61 D13/FS2  1/0 35 29 R4,/S0O /0 O3 1/0
4 62 D14/FSs 1/0 36 30 R43/PWM 1/0 Oz 1/0
5 63 D1s/FSo  1/0 37 31 R70/BUZZ /O Q. 1/0
6 64 ROo/FDo  1/O0 A4 ) 38 32 R71 1/0 Os /0
7 1 RO,/FD;  I/O Az | 39 33 R72 /0 Og 1/0
8 2 RO2/FD2 /0 A3 | 40 34 R73 1/0 07 1/0
9 . 3 RO3/FD3 1/O0  As I 41 35 R8o /0 O, 1/0
10 4 R1o/FDs  1/0  As i 42 36 R8, /0 Oo 1/0
1 5 R1:/FDs 1/0 Ae | 43 37 RS | Vep

12 6 R12/FDg 1/0 Az | 44 38 R91 | Ao I
13 7 R13/FD; 1/O0  As 1 45 39 R9; 1 Mo |
14 8 R20/FDg 1/O Ao ! 46 40 R93 | M, 1
15 9 R2:/FDg 1/0 Aio | 47 41 RESET | RESET |
16 10 R22/FD1o /0 An | 48 42 0SC2 o}

17 11 R23/FD11  1/0  As2 i 49 43 0SC;, 1

18 12 RAG | Vee 50 44 GND GND

19 13 RA:/Vdisp | 51 45 CLy i GND

20 14 R30/FD12 I/O  Aqz I 52 46 CL o

21 15 R31/FD13 /O  Ass [ 53 47 TEST 1 TEST |
22 16 R32/FD1a  1/0 54 48 Do/FS15 /O

23 17 R33/FD1s 1/O 55 49 D1/FS1a  1/O

24 18 R50 /0 CE | 56 50 D2/FSi3  1/O

25 19 R5, /0 OE 1 57 51 D3/FS12 1/0

26 20 R5; /0 Vee 58 52 Da/FS11 1/0

27 21 R53 1/0 Vee 59 53 Ds/FS10 1/0

28 22 R60/INTo 1/0 Qo /0 60 54 De/FSg 1/0

29 23 R6:/INT: 1/0 O /0 61 55 D7/FSs 1/0

30 24 R62/INT2 1/0 O /0 62 56 Ds/FS7 1/0

31 25 R63/INT3 1/0 Oa 1/0 63 57 Dg/FSe 1/0

32 26 Vee 64 58 D1o/FSs  1/0

Notes: 1. I/0: Input/Output Pins, |: Input Pins, O: Output Pins

2. Connect each pair of Os4, O3, O2, Oy and Oo. Hitachi supplies the socket adapter on which
these pairs are internally connected.
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Pins for PROM Mode (HD4074709)
Vep

Apply the programming voltage (12.5V + 0.3
V) to Vep.

CE

Program the internal PROM and input the
control signal to enable verify.

OE

Input the data output control signal when

Ao — An

Ap — Ay are address input pins of the internal
PROM.

O — O7

Oo — O7 are data bus I/O pins of the internal
PROM.

M, M:
These are for PROM mode specification. To

put the MCU into the PROM mode, pull My,
Mj, and TEST to low level, and RESET to high

verify. level.
o P <
Czo s3] T3S 8BRE ARSI TG
ImE) 62 AT %
d- 61 A2 s0
ds 80 a]s P
al]e s ME 4 4
A s As s 47| _'___|1'E§|‘
As[]s s7) alge ]
56 A]7 4s{_]6GND
A ‘9 ss: ) uf" JanD
AsLJr0 | An[]® )
:-E" 5‘%@ I HD4074709FS Pl
7 12 53] 12 "
¥ k] s2[ ] :ccE :; M;%:nisn
Ao+ HD40747095 ' [ JGND E E) 39 :M;‘
T,,Eu HD4074709C sogsno Au: it 8 JA
18 49 A 5 o
A\‘z‘E 7 ag] [ :5'(\;.,
Vee Cle 47 JRESET [ 4 [ Jo,
jm [T s JM, CE[: n 34 0,
Ao 4s[ 1Mo oE( e 3 %0.
Aul] 441 A, RESRIJERNETRRF D
o B LI
C!E:: 42| gu L0665 8 5SS S
GE[Jos 4o o;
3885833523838 8358¢9
Ve Be A N=
0o[J2e 37[ ] 0. :5E ; =
0,[J2s 3810, ABE . ]
02Joo 5[0, 7 s ) TesT
[ocNm ) El ] AsLH s “B
Vee 32 n:]o‘ Aol & 43[JGND
cc A} 7 42[J GND
AnC} s HDA4074709H M=
Az[C] 9 40[7]
Vee o 39[] RESET
O 8™,
A2 »[I™M,
An[Jra 36 A,
e 5[] Ve
s 4[] 0,
ﬁ ‘ah DO~ NN DB 8 -~ JJ: o‘
I 1818 8
BEfssssd ogs855s
{FP-64A) G: GND (Vsg Level)
(Top View) Normai: Open
Figure 41. Pin Assignment in PROM Mode
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Programmable ROM (HD4074709)

The PROM mode of the HD4074709 internally
halts the MCU operation and allows the
PROM to be programmed. The MCU enters
the PROM mode when the TEST, Mo and M,
pins go to low and the RESET pin goes to
high. The specifications for the PROM are the
same as for the EPROM 27256; therefore, the
PROM is programmed with a general-pur-
pose ROM writer using a 64-to-28 pin socket
adapter.

In order to program the PROM with using a
general-purpose PROM writer, the HD407
4709 incorporates the conversion circuit
which divides a 10-bit HMCS series instruc-
tion into 5 higher bits and 5 lower bits. One
MCU address is assigned to two PROM ad-
dresses. For example, in programming an 8k-
word PROM with a general-purpose PROM
writer, the user must assign 16 kbyte address
locations.

Programming and Verification

The HD4074709 can perform high-speed
programming without causing voltage stress
or degrading data reliability. Figures 44 and
45 show the procedure for high-speed pro-
gramming and timing chart, respectively. For
details of PROM programming, see Precau-
tions on PROM Programming.

Erasing
PROMs in ceramic window packages can be
erased by ultraviolet light. All erased bits

become 1s.

Erasing conditions are: ultraviolet (UV) light

with wavelength 2537A with a minimum
irradiation of 156W - sec/cm? These conditions
are satisfied by exposing the LSI to a 12,000
#W/cm? UV source for 156-20 minutes, at a
distance of 1 inch.

Precautions

1. The user must specify address locations
$0000- through $7FFF when program-
ming the PROM with a general-purpose
PROM writer. If $8000 or higher locations
are addressed, the PROM cannot be pro-
grammed or verified. It should be noted
that the plastic package type of the
PROM cannot be erased and repro-
grammed due to this error. The data
written in unused address locations must
be $FF. )

* The ceramic package type of the PROM
can be erased and reprogrammed by
ultraviolet light in the event of pro-
gramming errors.

2. If any index of the PROM socket, socket
adapter and LSI does not match, an
overcurrent can occur, resulting in LSI
destruction. Verify that the LSI is properly
connected to the PROM writer before
programrming.

3. In general, the PROM is provided with a
programming voltage (Vpp) either 12.5V
or 21V. The Vpp of the HD4074709 PROM
is 12.5V. If the user applies 21V to the
PROM, this may permanenty damage the
LSI. The PROM writer in Intel's 27256
specifications selects 12.5V as Vpp.

Table 26. Mode selection

Pin
Mode CE OE Vg Oo — Oy
Programming low High Vpp Data input
Verify High Low Vpp Data output
High High Vpp High impedance

Programming
inhibited
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Table 27. PROM Programmers and Socket Adapters

PROM Programmer Socket Adapters
Maker Type name Package Maker Type name
DATA 1/0 22B DP-64S Hitachi
298 DC-64S HS470ESS11H
FP-648B Hitachi HS470ESFO1TH
FP-64A Hitachi HS470ESHO1TH
AVAL CORP PKW-1000 DP-64S Hitachi .
PKW-7000 DC-64S HS470ESS21H
FP-64B Hitachi HS470ESFO1H
Vce
Vee T
L ReseT  VC le——  OF
TEST
Mo le——— CE
™ (o]
(]
Vepe ﬂ Data
T | -
o, 0Oo0~07
Ao
vV Address
e P K et
Aia
GND
Figure 42. PROM Mode
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$0000 t, o bitd  bit3 | bit2 | bitl |, bit0 )l ower 5 bitn} | JmPL Innmcnu;! | so000
" (Jump to RESET Routine)

30001 ' (4, 1 buS , bith , bit7 | bit6 | bit Upper § bits $0000 b ' u ,m;

| JMPL Instruction | $000:
S [ Vector Address (Jump ta INTo Routine} $0003
$SO001F $O00F JMPL instruction _| $0004
$0020 $0010 [~ {Jump to INT: Routine) $0005
Zero-Page Subroutine JMPL Instruction | sooos
S {84 Words) [ (Jump 10 TIMER A Routine) | 0007
| JMPL Insteuction .| sooos
$O07F $O03F {Jump to TIMER B Routine) | $0009
$0080 $0040 | JMPL Instruction | so00a
> Pattern : {Jump to TIMER C Routine) | $000B
§ (4096 Words} IMPL Instruction ] soooc
I (Jump to SERIAL/IRT; Routine) $000D

S1FFF SOFFF JMPL inatruction _| soo0e
$2000 $1000 [ (ump 1o KEYSCAN/INT; Routinel 7| $000F

L Program
{18384 Words)
STFFRF R . N . N SaFFF
fe————
Three bits are not used.
(Setto 111)

Figure 43. PROM Memory Map

Set Prog./Verify Mode
Vep=12.5+0.3V, Vec=60+0.25V
Address=0

Program tew = 1ms * 5%

I Address + 1 — Address

Last
Address ?

NO

Set Read Mode
Vee=5.0%0.5V, Vep=Vcc10.6V

Read
All Address

—\ NOGO
Fail

Figure 44. A Sequence of High Speed Programming
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Programming Electrical Characteristics

DC Characteristics

(Vee=6V £ 0.25V, Vep=125V 0.3V,

Vss=0V, Ta=25°C * 5°C, unless otherwise

notes.)
Item Symbol Min Typ Max Unit Test Condition
Input high voltage 0o—07, Aop—Ars, OE, CE Vi 2.2 Vec+0.3  V
Input low voltage 00—07, Ao—A1a, OE, CE Vi -0.3 0.8 \Y
Output high voltage 0¢—07 Vor 2.4 \% lon=—200xA
Qutput low voltage 00—07 Vou 0.4 \ lo,=1.6mA
Input leakage current Oo—OQ7, Ao—A1a, OE, CE |lu| 2 uA  Vin=5.25V/0.5V
V¢c current Icc 30 mA
Vpp current lpp 40 mA

AC Characteristics

(Vee=6V £ 0.26V, Vep=125V * 0.3V,

Vss=0V, Ta=25°C * 56°C, unless otherwise

notes.)
Item Symbol Min Typ Max Unit Test Condition
Address set-up time tas 2 us Figure 45"
OE set-up time toes 2 us
Data set-up time tos 2 us
Address hold time taH o] us
Data hold time toH 2 us
Output disable delay time tor 130 ns
Vpp set-up time tvps 2 us
Program pulse width tpw 0.95 1.0 1.06 ms
CE pulse width when overprogramming topw 2.85 78.75 ms
Ve set-up time tvcs 2 us
Data output delay time toe o] 500 ns
Note : 1. Input Pulse level—0.8 to 2.2V
Input rising/falling time =20ns
Timing reference level { input 1.0V, 2.0V
output : 0.8V, 2.0V
@ HITACHI
942 Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 « (415) 589-8300

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD404708/HD404709/HD4074709

Program Verify .
|
Address I
tas tan l
Data Data In Stable Data Out Valid
tos 1OH tor
Ve }
Ver VEC o /| vpPs
Vee }
Vec
GND .._J tves
CE E—
tew t0ES t0E
OF .
topw }

Figure 45. PROM Programming/Verifying Timing Diagram

Switching characteristics

Input pulse level --ooeeeeeeeeees 0.8V to 2.2V
Input rising/falling time -+ =220 ns
Output loading -:--eemeeeeeeeeees 1TTL Gate + 100pF

input/output timing reference level - Output: 1V, 2V
Input: 0.8V, 2V

v p
Address >< X

K /]
53 _ /

tce —»
OF /
TOE ——on la— tDF —9d
toH

Data Out ﬂ/ljl Data Out Valid N
AN\

[ #—————— tACC ™

]

Figure 46. PROM Read Timing Diagram
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Read Operation Electrical Characteristics

DC Characteristics
(Vee=5V * 10 %, Vpp=Vecc +0.6 V, Vss=0V, Ta=25'C * 5 C, unless otherwise notes.)

Item Symbol Min Typ Max Unit Condition
Input Leak It 1 uA Vee=5.6V, Vin=GND to Vcc
Current
Output Leak o 1 uA Vee=5.5V, Vout=GND to Vcc
Current
Programming Ipp 1 100 uA Vep=Vcec+0.6V
Vpp Current
Operating lec* 30 mA f=1MHz, lout=0mA
Vce Current
Input Vi -0.3 0.8 A
Voltage
ViH 2.2 Vcc+0.3  V
Output VoL 0.4 \% loL=1.6mA
Voltage
VoH 2.4 % lon= —2004A

* Input through current is excluded.

AC Characteristics
(Vee=5V *10%, Vep=Vcc 0.6 V, Vss=0V, Ta=25°C * 5 °C, unless otherwise notes.)

Item Symbol Min Max Unit Condition
Access Time tace 500 ns CE=0E=V;_
CE Output tce 500 ns OE=Vi,
Delay Time

OE Output toe 10 150 ns CE=VyL
Delay Time

Output Disable tor* (¢} 105 ns CE=V,
Delay Time

Data Output ton 0o ns CE=0E=V_
Hold Time

* tpr is determined when the output reaches open state and output level cannot be referred.
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Precautions on PROM Program-
ming

Principles of PROM Programming/
Erasing

The ZTAT microcomputer has the same type
of the memory cell as the EPROM. The PROM
is programmed by applying high voltage to
the control gate and drain and injecting hot
electrons into the floating gate, in the same
way in the EPROM programming. The elec-
trons in the floating gate remains stabilized,
surrounded by the energy barrier of SiO; film.
By this electrons, the threshold voltage in the
memory cell changes and the corresponding
bit goes to 0.

The hot electrons are reduced as over time.
This reduction is caused by:

1. Ultraviolet light -«-ror-ereeereeneees The electrons
are discharged by the ultraviolet light
(erasure principle)

2. HEAL -r-ererrermreraririniiin, Theelectrons,
which are excited by heat, are discharged

3. Application of high voltage---The number
of electrons is reduced due to the high
voltage which is applied to the control
gate and drain

If there is any failure in the oxide film, the
charge is markedly reduced; however, in
general, such reduction does not occur, since

during screening tests.

When the memory cell does not have any hot
electrons in the floating gate, the corre-
sponding bit goes to 1.

PROM Programming

PROM programming should be performed
under specified voltage and timing condi-
tions. The higher the program voltage (Vep)
and the longer the program pulse width
(tpw), the more electrons will be injected into
the memory cell. If an overvoltage is applied,
a P-N junction may be permanently
damaged. It is especially important to note
that an overshoot occurs in the PROM writer.
Moreover, negative voltage noise causes a
parasitic transistor effect, which can reduce
the apparent breakdown voltage.

During PROM programming, the ZTAT

microcomputer is electrically connected with

the PROM wrriter via the socket adapter. The
user should ensure the following:

1. Confirm that the socket adapter is firmly
connected to the PROM writer before
beginning PROM programming.

2. Do not touch the socket adapter and the
LSI during programming; this can cause
faulty contacts, resulting in programming

devices which failed are usually excluded errors.
Control gate Control gate
Floating gate Floating gate
Source seeses Drain Source L Drain
N+ N+ N+ @} N+
Programming ( O ) Erasing ( 1)

Figure 47. Cross Section of PROM Memory Cell
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PROM Reliability after Programming

In general, semiconductor devices retain
their reliability, if some initial failures can be
rejected. Initial failures can be rejected by
adequate screening. Baking the device under
high-temperature conditions is a screening
method which eliminates initial short-time
data hold failures in the memory cell. (See
Principles of PROM Programming/Erasing).
ZTAT microcomputer devices realize good
reliability because they have been subjected
to such screening during the water fabrica-
tion process. It is recommended that the user
expose the device to 150°C at one atmosphere
after programming in order to verify device
performance.

Figure 48. shows the recommended screen-
ing procedure.

Window-Type Package Precautions

Glass Erasure Window: If the glass win-
dow comes in contact with plastic or any-
thing with a static charge, the LSI may mal-
function due to the electrostatic charge on
the surface of the window. If this occurs,
exposing the LSI to ultraviolet light for a few
minutes neutralizes the charge, and restores
the LSI to normal operation. However, charge
stored in the floating gate decreases at the
same time, so reprogramming is recom-
mended.

Electrostatic charge buildup on the window
is a fundamental cause of malfunctions.
Measures for its prevention are the same as
those for preventing electrostatic break-
down:

{od

Operators should be grounded when
handling equipment.
. Do not rub the glass window with plastics.
. Be careful of coolant sprays, which may
contain a few ions.
The ultraviolet shading label (which
includes conductive material) effectively
neutralizes charge.

A WN

Ultraviolet Shading Label: If the LSI is
exposed to fluorescent light or sunlight, its
memory contents may be erased by the small
quantity of ultraviolet light in these sources.
In strong light, the MCU may fail under the
influence of photocurrent. To prevent these
problems, it is recommended that the device
be used with an ultraviolet shading label
covering the erasure window after pro-
gramming.

Special labels are sold for this purpose. They
contain metal to absorb ultraviolet light.
When choosing a label, note the following:

1. Adhesion (mechanical intensity)—Re-use
and dust reduce adhesion. Peeling off a
label may cause static electricity. There-
fore, erasing and rewriting is recom-

Programming
Verification

|

Exposure in high temperature
without applying any power
150°C £ 10°C, 48 Hr + 8 Hr*

— OHr

Confirmation of reading
Vec=4.5Vor 5.5V

+ Exposure time is the period starting from
when the temperature in the baking furnace
reaches 150°C.

Figure 48. Recommended Screening
Procedure

(note) If programming errors occur se-
quentially during PROM programming, the
user should suspend programming and
determine whether there is any trouble with
the PROM writer or the socket adapter when
using the window-package-type of the
EPROM. If programming verification indi-
cates errors in programming or after high-
temperature exposure, please inform Hitachi
of the trouble.
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mended after peeling. Sticking a new label window when the label is removed.
over the old one is better than replacing a 3. Moisture resistance—The allowable mois-
label. ture range and environmental conditions
2. Allowable temperature range—The of the label should be noted. It is difficult
allowable environmental temperature to find a shade label applicable to all con-
range of the label should be noted. If it is ditions. The proper label should be
used under conditions outside this range, selected depending on the intended use of
the paste may stiffen or adhere to the the MCU.

label, causing paste to remain on the

Addressing Mode

RAM Addressing Mode ister addressing.
As shown in figure 49, the MCU has three Register Indirect Addressing: The W reg-
RAM addressing modes: register indirect ad- ister, X register, and Y register contents (10
dressing, direct addressing, and memory reg- bits) are used as the RAM address.
W Register X Register Y Register
r— N I VA Y

Wi |Wo] X3] X2f X1]Xof YajYa] Yi]VYo

RAM Address

PAs[PAs|PA, IPAG|PASIPAPA;[PA,|PA, PA,

Register Indirect Addressing

1st Word Instruction 2nd Word
~ N\ A}
OP Code
PN NS TS S N N SR B | de |de | dy | de J ds [da | d3 | d2 | d+ |do

RAM Address |PAo|PAs|PA; [PAG|PASIPALIPA; |PA,IPA, [PA,

Direct Addressing

Instruction

OP Code
1 1 1 1 1

o 0 o0 1 O

T

RAM Address |pa|paglPA,|PAs|PASIPA,| pAs_EA2 PA, PAO]

je— O

Memory Register Addressing

Figure 49. RAM Addressing Modes
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Direct Addressing: A direct addressing
instruction consists of two words, with the
word (10 bits) following the opcode used as
the RAM address.

Memory Register Addressing: The mem-
ory register (16 digits from $040 to $04F) is
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Mode and P Instruc-
tions

The MCU has four ROM addressing modes, as
shown in figure 50.

Direct Addressing Mode: The program can
branch to any address in the ROM memory
space by executing a JMPL, BRL, or CALL
instruction. These instructions replace the 14
program counter bits (PC13 to PCo) with 14-bit
immediate data.

Current Page Addressing Mode: The ROM
memory space is divided into pages, with 266
words in each page. Page zero begins at ad-
dress $0000. By executing a BR instruction, the
program can branch to an address in the current
page. This instruction replaces the low-order
eight bits of the program counter (PC; to PCy)
with the 8-bit immediate data.

When BR is on page boundary (266n + 2565)
(figure 52), executing a BR instruction trans-
fers the PC contents to the next page accord-
ing to the hardware architecture. Conse-

quently, the program branches to the next
page when the BR is used on a page bound-
ary. The HMCS400 series cross macro assem-
bler has an automatic paging facility for ROM
pages.

Zero Page Addressing Mode: By executing
a CAL instruction, the program can branch to
the zero page subroutine area, which is lo-
cated at $0000-$003F. When a CAL instruction
is executed, 6-bits of immediate data are
placed in the low-order six bits of the pro-
gram counter (PCs to PCo) and Os are placed
in the high-order eight bits (PCi3 to PCe).

Table Data Addressing: By executing a
TBR instruction, the program can branch to
the address determined by the contents of
the 4-bit immediate data, accumulator, and B
register.

P Instruction: ROM data addressed by table
data addressing can be referred to by a P
instruction (figure 51). When bit 8 in the
referred ROM data is 1, 8 bits of ROM data are
written into the accumulator and B register.
When bit 9 is 1, 8 bits of ROM data are written
into the R1 and R2 port output register. When
both bits 8 and 9 are 1, ROM data are written
into the accumulator and B Register and also
to the R1 and R2 port output register at the
same time.

The P instruction has no effect on the pro-
gram counter.
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(UMPL)
(BRL)
(CALL)
Instruction 1st Word Instruction 2nd Word
/7~ NS N\
L] T L) L] T T A T T L] L] L] T L} L] L g
Opcode rpil p2 de ds d7 dé ds da ds d2 di do
1 1 Il

CTTT T LI LI T Ed

Program Counter[PCu PC12 PCn1 PCwJ PCsJPCs , PCy PC51PC5. PCs PC3 PC2 PCy . PCo
1 1 'l . il 1 L

Direct Addressing

Instruction
a N\
T L T T T T L)

(BR)] Opcode | b; bs bsl bs bz bz b1 bo
1 ] 1 i 1 i
T

v
Program Counter {PC13 PC12 PC11 PCio PCs PCs PC7; PCs PCs PCs PCs PC2 PC1 PCo
1 1 1 i 1 1 1 1 1 1 A — L

Current Page Addressing

Instruction
— ~N
T T T T T

[CAL]' :OPC:Ode: las‘aal as  az a ao
SRR A

Program Counter PC1::PC12IPC||IPC10' PCs.PCs|PC7 PCs PC5IPC4IP03 PCz2 PCi PCo
1 1 1 4 i

Zero Page Addressing

Instruction
r )

L) L T T T
[TBRJI , Opcode
A H

l - 1 pa N pr  Pe Register B Accumulator

i
. 1 4 e 2\

T T Y L Rd T

IB:« B2 B1 BoIAa A2 A1 Ao

A N O N N I A

T
Program CounterlPCw‘PCu PCanCw PCs PCs PCy PCs. PCs . F‘C4l PC3 ‘PCz ‘PC| . PCo

Table Data Addressing

Figure 50. ROM Addressing Modes
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Instruction

v Ll Ll L) L L} T L
(P) Opcode I ps Pz P po
1 i 1 A A

i 1

Register B Accumulator

—

L L T L] L Ll
Bs B2 Bi Bo| A3 Az A1le

I TITTITT

T T

Al L) T
Referred ROM Address |RA1a RA1z RA11RA1cRAs RAs RA; RAs RAs RA:s RA3 RAz RA: IRAo
A L 'l 1 L 1 1 1 1 ' 1 1

Address Designation

ROM Data IRT)e IRO:! R07 ROs ROs|R04|R03 ROz RO1 ROﬂ

P T N T 2

Accumulator, B Register | B3 le B1 Bo | Aa |Az , A Ao If ROs=1
1 1 |

T

ROM Data rOs ROa R07 ROo ROs ROA‘ RO:IRO'& RO!IROO
R T S T T

Qutput Register R1, R2 [R23 R2:2 R2| RZoth Rtz R1| R1ol If RO9=1

Pattern

Figure 51. P Instruction

[ N

256(n—1)+255

[:‘ BR AAA 256n
AAA NOP

{ BRAAA 256n+254
—+ BR BBB 256n+255

256(n+1})
—= 8BB NOP

Figure 562. The Branch Destination by
BR Instruction on the Boundary
Between Pages
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Instruction Set

The MCU provides 101 instructions which are (6) Compare instructions

classified into 10 groups as follows: (7) RAM bit manipulation instructions
(1) Immediate instructions (8) ROM address instructions
(2) Register-to-register instructions (9) Input/output instructions
(3) RAM address instructions (10) Control instructions

(4) RAM register instructions
(6) Arithmetic instructions

Tables 28-37 list their functions, and table 38
is an opcode map.

Table 28. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from immediate LAl 10001 1 i3z it ip i—A 1/1
Load B from immediate LBl i 1 0000 Oi3iz2i1ip i—B 1/1
Load Memory from LMID i,d 01 101 0i3i2iip i—=M 2/2
immediate dg dg d7 de ds dgq d3 d2 dq do
Load Memory from LMIIY i 10100 1 i3ipirio i=M, Y+1=Y NZ 1/1
Immediate, Increment Y
Table 29. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B—A 1/1
Load B from A LBA 0011001000 A—8B /1

0100000000 . 2/2

Load A from W LAW 0000000000 W — A (Note)
Load A from Y LAY 0010101111 Y-A 1/1
Load A from SPX LASPX 0001101000 SPX—A 1/1
Load A from SPY LASPY 0001011000 SPY—-A 1/1
Load A from MR LAMR m 10011 1 mmmm MRm — A 1/1
Exchange MR and A XMRA m 10111 1mmmm MRmMm — A 1/1

Note: An operand is provided for the

automatically.
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Table 30. RAM Address Instructions

Words/
Operation M i Operation Code Function Status Cycles
Load W from Immediate LWI i 00111100 i—W 1/1
Load X from Immediate LXti 1 '0 001 0i3iz2i1ig i—X 1/1
Load Y from Immediate LYl 1 0000 1 igigiqig 1—Y 1/1
Load W from A LWA 9239882888838 a-w ﬁéite)
Load X from A LXA 0011101000 A*S( 1/1
Load Y from A LYA 0011011000 A=Y 1/1
increment Y Y 0001011100 Y+1—Y NZ 1N
Decrement Y DY oo0110111 11 Y-1-Y NB 1/1
Add Ato Y AYY 0001010100 Y+A-Y OVF 1/1
Subtract A from Y Syy 0011010100 Y-A-Y NB /1
Exchange X and SPX XSPX 000000O0OO1 X-—SPX 1/1
Exchange Y and SPY XSPY 0000000010 Y-—SPY 1/1
Exchange X and SPX,Y XSPXY 0000O0O0OOT1 1 X-—SPX Y-SPY 1/1
and SPY

Note: An operand is provided for the second word of LAW and LWA instruction by assembler
automatically.
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Table 31. RAM Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M—A,(X—=SPX Y=SPY) 1/1
Load A from Memory LAMD d 0110010000 M—-A 2/2
dg dg d7 dg ds dgq d3 dz di do
Load B from Memory LBM(XY} 00010000y x M-B,({X~SPX, Y—~SPY) 1/1
Load Memory from A LMA(XY) 00100101y x A—M,(X=SPX, Y-SPY) 1/1
Load Memory from A LMAD d 0110010100 A—M 2/2
dg dg dy de ds da d3 d2 dq do
Load Memory from A, LMAIY(X) 000101000 x A-MY+1-Y(X-SPX) NZ 1/1
Increment Y
Load Memory from A, LMADY/{X) 001101000 x A—-MY-1-Y(X-SPX} NB 1/1
Decrement Y
Exchange Memory and A XMA(XY) O01 00000y x M—A, (X~SPX, Y=SPY) 1/1
Exchange Memory and A XMAD d 0110000000 M~—A 2/2
dg dg d7 dg ds dg d3 d2 di do
Exchange Memory and B XMB(XY) 00110000y x M-—B, (X—SPX, Y-SPY) 1/1

Note: (XY) and (X) have the following meaning:
(1) The instructions with (XY) have four mnemonics and four object codes for each {example of
LAM (XY) is given below).
The op-code X or Y is assembled as follows:

Mnemonic vy x Function

LAM 0 (o]

LAMX (0] 1 X —~ SPX

LAMY 1 (o] Y — SPY
LAMXY 1 1 X—~SPX, Y—SPY

(2) The instructions with (X) have two mnemonics and two object codes for each {(example of
LMAIY(X) is given below).
The op-code X is assembled as follows:

Mnemonic x Function
LMALIY 0
LMALIYX 1 X — SPX
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Table 32. Arithmetic Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Add Immediate to A Al i 1 0100 O0i3izi1 io A+i—A OVF 1/1
Increment B B 0001001100 B+1—8B NZ 1/1
Decrement B DB oo011001111% B-1—B NB 1/1
Decimal Adjust for Addition DAA 0010100110 1/1
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1—A 1/1
Complement 8 coms 0101000000 B—B 1/1
Rotate Right A with Carry ROTR 00101 000O00O0 11
Rotate Left A with Carry ROTL 0010100001 1/1
Set Carry SEC 0011101111 1—~CA 1/1
Reset Carry REC 0011101100 0-CA 1/1
Test Carry TC O001101T 111 CA 1/1
Add A to Memory AM 0000001000 Mt+tA—A OVF 1/1
Add A to Memory AMD d 0100001000 M+tA—A OVF 2/2
dg dg d7 dg ds da d3 d2 dq do
Add A to Memory with Carry AMC 0000011000 M+A+CA—~A OVF 1/1
OVF—CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA—A OVF 2/2
dg dg dy dg ds d4 d3 d2 dy dp  OVF—CA
Subtract A from Memory SMC 0010011000 M-A-CA-A NB 1/1
with Carry NB—CA
Subtract A from Memory SMCD d 0110011000 M—-A—CA—A NB 2/2
with Carry dg dg d7 dg ds dg d3 d2 dy do NB—~CA
OR Aand B OR 0101000100 AUB—A 1/1
AND Memory with A ANM 0010011100 ANM—A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM—A NZ 2/2
dg dg d7 dg ds ds d3 d2 dq do
OR Memory with A ORM 0000001100 AUM—A NZ 11
OR Memory with A ORMD d 0100001100 AUM-—A NZ 2/2
dg dg d7 dg ds d4 d3 d2 di do
EOR Memory with A EORM 0000011100 A®dDM—-A NZ 1/1
EOR Memory with A EORMD d 0100011100 ADM—A NZ 2/2

dg dg d7 dg ds da d3 d2 d1 do

Note: N : Logical AND
U : Logical OR
® : Exclusive OR
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Table 33. Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Immediate Not Equal INEM i 00001 0i3ip i io i*=M NZ 11
to Memory
Immediate Not Equal INEMD i,d 01 00 1 0iziz i1 ipg i M NZ 2/2
to Memory dg dg d7 dg ds daq d3 d2 dq do
A Not Equal to Memory ANEM 00000001100 A=M NZ 1/1
A Not Equal to Memory AMEMD d 0100000100 A=M NZ 2/2
dg dg d7 dg ds d4 d3 d2 dy do
B Not Equal to Memory BNEM 0001000100 B+M NZ 1/1
Y Not Equal to Immediate YNEI i 00011 1izi2i1io Y=i NZ 11
Immediate Less or Equal ILEM i 00001 13z ig i=M NB 1/1
to Memory
Immediate Less or Equal ILEMD i,d 01001 1 32 i1 ig i=M NB 2/2
to Memory dg dg d7 dg ds d4 d3 d2 dq do
A Less or Equal to Memory  ALEM 0000O0O11TONTOO =M NB 1/1
A Less or Equal to Memory ALEMD d 010001011tO00O = NB 2/2
dg dg d7 dg ds da d3 d2 dq do
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEl i 101 01 132 i1 ig Asi NB 1/1
Table 34. RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Memory Bit SEM n 00100001 mn 1 - M(n) 1/1
Set Memory Bit SEMD n,d 0110000 1tmnm 1 — M(n) 2/2
dg dg d7 dg ds d4 d3 d2 dy do
Reset Memory Bit REM n 0010001 0mnmng 0 — M{n) 1/1
Reset Memory Bit REMD n,d 0110001 0mnmn 0 — M(n) 2/2
dg dg d7 dg ds dg d3 d2 dq do
Test Memory Bit TM n 0010001 1nmmg M(n) 1/1
Test Memory Bit TMD n.d 0110001 1TmMmn M(n) 2/2
dg dg d7 de ds dg d3 d2 dq do
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Table 35. ROM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Branch on Status 1 BR b 1 1 by bg bs ba bz bz by bg 1 1/1
Long Branch on Status 1 BRL u 01011 1 p3p2pP1PO 1 2/2
dg dg d7 dg ds d4 d3 d2 dq do
Long Jump Unconditionally JMPL u 0101 0 1p3pzprPiPo 2/2
dg dg d7 dg ds dg d3 d2 di do
Subroutine Jump on Status 1 CAL a O 1 1 1 agagazazas ap 1 1/2
Long Subroutine Jump on CALL u 0101 1t O0papzpP1PO 1 2/2
Status 1 dg dg d7 dg ds da d3 d2 dy do
Table Branch TBR p 00101 1p3p2pP1PO 1/1
Return from Subroutine RTN 000001 00O00O0 1/3
Return from Interrupt RTNI 0000010001 1 —I/E ST 1/3
CA recovery
Table 36. Input/Output Instructions
Words/
Operation Mnemonic Operation Code Functi S Cycles
Set Discrete /O Latch SED 0011100100 1 — D{Y) 1/1
Set Discrete 1/0 Latch Direct SEDD m 10111 0mmmm 1 — D{m) 1/1
Reset Discrete 1/0 Latch RED 00011001 00 0 — D{Y) 1/1
Reset Discrete I/O Latch Direct REDD m 10011 0mgmmng 0 — D{m) 1/1
Test Discrete 1/0O Latch TD 0011100O0O0OO0 D(Y) 1/1
Test Discrete I/0 Latch Direct TDD m 10101 0mgmmnp D(m) 1/1
Load A from R Port Register LAR m 100101 mgmmm R(m) - A 1/1
Load B from R Port Register LBR m 1001 0 O0mmmmg R(m) - B 1/1
Load R Port Register from A LRA m 10110 1mmmm A — R{m) 1/1
Load R Port Register from B LRB m 10110 O0mmmmg B — R(m) 1/1
Pattern Generation Pp 01101 1 p3p2pP PO 1/2
Table 37. Control Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
No Operation NOP 0O0000000O0OO00O 1/1
Start Serial STS 0101001000 /1
Standby Mode/
Watch mode SBY 0101001100 1/1
Stop Mode/Watch mode STOP 01010017101 1/1
G HITACHI
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Table 38. Opcode Map

\|R8 o 1
TINREIERE _:244 sle|7]8]9la[B]c|D]E|F]|O 1[2]3]a[s[e][7][8][9]a]B]C o[efF
O INOPXSPXXSPY XXY Ag‘ AM IOAM LAW] h JAMD| ORMD
1 |[RTNIRTNI ALEM amMc JEOAM WA ! 0 D {EORMD
2 INEM i(4) INEMD i(4)
3 ILEM i(4) ILEMD i(4)
4| LBMIXY) P ™ 18 aw| __—Jor] __— [sts [_— [sevpo
5 LMAIY{X) AYY)| LASPY] N4 JMPL p(4)
6 hecy RED = TC CALL p(4)
017 YNEI! i(4) BRL pl{4)
8 XMA(XY) SEM n(2) REM n(2) TM n{2} w0 SEMD n(2) IREMD n(2) TMD n(2)
9| LAMxY) | WMA(XY) Fm b _— [l o
A Wonl/[ou[/]msl/‘mv LMID i(4)
B TBR pi4) P p(4)
C| XMB(XY) puM LBA 0B
D {tMADY(X) ISYY| LYA oy
E|TD SED LxA REC SEC cAL 2(6)
F LWt i(2)
o} LBt i(4)
1 LYi i(4)
2 LXI i(4)
3 LA} i(4)
4 L8R m(4)
5 LAR m(4)
6 REDD m(4)
117 LAMR m(4) BR b(8)
8 Al i(4)
9 LMItY i(4)
A TDD m(4)
B ALE! i(4)
C LRB m(4)
D LRA m(4)
E SEDD m(4)
F XMRA m(4)
(T }-1-word/2-cycle [ Y}--1-word/3-cycle [ }-RAM Direct Address [ }-2-word/2-cycle
Instruction instruction Instruction Instruction
{2-word/2-cycle)
=] is not available, the undifined instruction.
@ HITACHI
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Absolute Maximum Ratings

Item Symbol Constant Unit Notes
Supply Voltage Vee -0.3t0o + 7.0 \
Programming Voltage Vep -0.3t0 + 14.0 \2 12
Terminal Voltage V1 —0.3to Ve + 0.3 \ 3
Vee — 42 to Ve + 0.3 Vv 4
Total Allowance of Input Current S lo 50 mA 5
Total Allowance of Output Current — X lo 150 mA 6
Maximum Input Current lo J5 mA 7.8
Maximum Output Current - lo 4 mA 9,10
30 mA 9, 1
Operating Temperature Topr —20to + 75 °C
Storage Temperature Tstg -55t0 + 125 °C
Storage Temperature (bias) Toias —-25to + 80 °C 12

Notes: 1.
2

3

4

5

6

7

8

9

10

11

12

958

Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation
should be under the conditions of electrical characteristics. If these conditions are exceed-
ed, it may cause a malfunction or affect the reliability of LSI.

. All voltages are with respect to GND.

. Standard pins

. High voltage pins

. Total allowance of input current is the total sum of input current which flows in from alt I/

O pins to GND simultaneously.

. Total allowance of output current is the total sum of the output current which flows out

from Vce to all 1/0 pins simultaneously.

. Maximum input current is the maximum amount of input current from each |/0 pin to GND.

. R4-R8

. Maximum output current is the maximum amount of output current from Vcc to each 1/O
pin.

. R4-R8

. Do—D1s, RO—R3

. HD40747089

G HITACHI
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Electrical Characteristics
HDA404708, HD404709 Electrical Characteristics

DC Characteristics
(Vecc =3V to6V,GND = 0V, Vaisp = Voc — 40 V to Vg, Ta = —20 to + 75°C, unless otherwise

noted)
item Symbol Pins Min Typ WMax Unit Test Condition Note
input High Vin RESET, 0.8 Vec - Vec + 03V
Voltage SCK,INTo
— INT3
Sl 0.7Vcc - Vgc + 0.3V
0SCy Vgg - 0.5 — Vec + 0.3V Vcc=3.5V to 6.0V
Vee — 0.3 - Vee + 0.3 V
Input Low ViL RESET, - 0.3 - 0.2 Vce v
Voltage SCK.INTo
— INT3
Sl - 0.3 - 0.3 Vce v
0SCy - 0.3 - 0.5 Vv Vee=3.5V to 6.0V
- 0.3 e 0.3 \Y
Output High VoH SCK. SO, Vec-1.0 -~ - v —lou=1.0mA,
Voltage PWM, BUZZ Vce=3.5V to 6.0V
Vec—0.5 - - Vv —lon=0.5mA,
Vee=3.5V to 6.0V
—loy=0.3mA
Output Low VoL SCK,S0, - - 0.4 v loL=1.6mA,
Voltage PWM,BUZZ Vec=3.5V to 6.0V
lop=0.4mA
Input/Output m RESET, - - 1 uA Vin=0V to Vcc 1
Leakage SCK,INTo
Current — INT3
S1,80,
PWM,BUZZ
0SC4
Power Dissipation |¢c Vee - - 5.0 mA Vee =5V, 2,5,8
in Active Mode fosc=4MHz,
8.0 MA  pivide-by-4 9
- - 3.0 mA Vec=3V, 2,5,8
fosc=2MHz,
4.5 ™A Divide-by-4 o
Power Dissipation (ggy Vee - - 2.0 mA Vee=5V, 3.5
in Standby Mode fosc=4MHz,
Divide-by-4
_ - 1.0 mA  Vec=3V, 3.5
fosc=2MHz,
Divide-by-4
@ HITACHI
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item Symbol Pins Min Typ Max Unit Test Condition Note
Power Dissipation |g,, Vee - - 30 rA Vec=3V,when 4,6.8
in Subactive Mode _ _ 80 A using 32.768kHz 9
crystal
Vin(TEST) =Vce -
0.3V to Vce,
Vin(RESET)=0V to
0.3v
Power Dissipation ya¢ch Vee - - 15 rA Vee=3V,when 4,6,7
in Watch Mode using 32.768kHz
crystal,
Vin(TEST) =Vee—
0.3V to Ve,
Vin(RESET)=0V to
0.3V
Power Dissipation s Vee - - 10 uA Vin(TEST}=Vee— 4
in Stop Mode 0.3V to Vce.
Vin(RESET)=0V to
0.3Vv
not using
32.768kHz
crystal
Watch Mode Vwatch Vee 3 - 6.0 \4 Vec=3.5V to 6V 6,7
Retain Voltage 0 _ 6.0
Stop Mode Vstop Vee - - \Z not using
Retain Voltage 32.768kHz
crystal
Notes: 1. Excluding puli-up MOS current and output buffer current.
2. The MCU is reset and input/output current does not flow.
Pin conditions: ® RESET, TEST----- Vee
® R4_R9 ...... VCC
® Do-Dys, RO-R3, RA------ Visp
3. The timer/counter is enabled and input/output current does not flow.
MCU conditions: @ /O« same as at reset
® Serial interface----- halt
® Standby mode
Pin conditions: ® RESET-------- GND
® TEST---- Vce
® R4-R9----- Vee
® Do-Dis, RO-R3, RA---- Vdisp
4. Excluding pull-down MOS current to Vaisp.
5. Power dissipation in MCU operation or in Standby mode is in proportion to fosc; each
current value when fosc =x[MHz] is given by the following equation:
Maximum value (fosc=x[MHz]) =x/4 x Max. value (fosc=4[MHz])
6. Applied to the product with 32 kHz CPU operation selected by optional function.
7. Applied to the product with no 32 kHz CPU operation, TIME-BASE operation selected by
optional function.
8. HD404708
9. HD404709
G HITACHI
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Input/Output Characteristics for Standard Pins

(Vec = 3V t0 6 V,GND = 0 V, Vgiep = Ve — 40 V to Vee, Ta = ~20 to + 75°C, unless otherwise

noted)
item Symbol Pins Min Typ Max Unit Test Condition
Input High Vi R4-R9 0.7 Vee Ve + 0.3V
Voltage
Input Low ViL R4-R9 - 0.3 - 0.3 Vcc \
Voitage
Output High VoH R4-R8 Vee-1.0 - - \Z —lou=1.0mA,
Voltage Vec=3.5V to 6.0V
Vec—0.5 - - \4 —lop=0.5mA,
Vcc=3.5V to 6.0V
—loy=0.3mA
Output Low VoL R4-R8 - - 0.4 v lot=1.6mA,
Voltage Vcc=3.5V to 6.0V
lor=0.4mA
Input/Output [ R4-R9 - - 1 uA Vin=0V to Vcc
Leakage
Current
Pull-Up MOS - 1p R4-R9 30 70 150 A Vee=5V,Vin=0V
Current
10 20 50 #A Vee=3V.Vin=0V
Notes: 1. Pull-up MOS current and output buffer current are excluded.

2. Applied to 1/0 pins with pull-up MOS selected by mask option.

Hitachi America Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300
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Input/Output Characteristics for High Voltage Pins

(Vec =3V to6V,GND = 0V, Vaisp = Vecc — 40 V to Vee, Ta = —20 to + 75°C, unless otherwise

noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Input High Vi Do-D1s,RA, 0.7 Vcc - Vee + 0.3V
Voltage RO-R3
Input Low ViL Do-D1s,RA, Vgc—40V  — 0.3 Vee \
Voltage RO-R3
Output High Vo Do-D1s. Vee—-3.0 - - \ —lon=16mA,
Voltage RO-R3 Vee=5V+20%
Vec—-2.0 - - A —lon=10mA,
Vec=5V+20%
Vee—1.0 - - v —loH=4mA
Output Low Vou Do-D1s. - - Vec—34 v Vdisp=Vec—40V 1
Voltage RO-R3
Do-Dis, - - Vee~37 v 150k to Vec— 40V 2
RO-R3
Input/Output el Do-Di5,RA  — - 20 #A  Vip=Vgc—-40Vto 3
Leakage RO-R3 Vee
Current
Pull-Down MOS |4 Do-D1s.RA, 200 400 800 uA Vgisp=Vcc— 35V 4
Current RO-R3 Vin=Vcc

Notes: 1. Applied to {/0 pins with pull-down MOS selected by mask option.
Applied to I/0 pins without puli-down MOS {PMOS open drain) selected by mask option.
2. Pull-down MOS current and output buffer current are excluded.
Applied to 1/0 pins with pull-down MOS selected by mask option.

@ HITACHI
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AC Characteristics
(Vcc =3V to6V,GND = 0V, Vaisp = Vec — 40 V to Ve, Ta = —20 to + 75°C, unless otherwise

noted)
item Symbol Pins Min Typ Max Unit Test Condition Note
Osciliation fosc 0SC,,08C, 0.4 4 4.5 MHz  Vcc=3.5V to 6V 7
Frequency
. 4 4.5 MH.
(Divide-by-4) '8 b
0.4 2 2.25 MHz 7
1.6 2 2.25 MHz
Oscillation foL CLy,CL2 - 32.768 - kHz
Frequency
{Divide-by-8)
Instruction teye 0.89 1 10 us Vcc=3.5V to 6V 7
Cycle Time 0.89 1 25 s
1.78 2 10 us 7
1.78 2 2.5 us
Instruction tsUBeye - 244 .14 - us 8
Cycle Time
Oscillation tRe 08C,,08C, — - 40 ms Vec=3.5V to 6V 1
Stabilization
- - 60 ms
(Crystal)
Oscillation tac 0SCy,08C2  — - 20 ms Vcc=3.5V to 6V 1
Stabilization
{Ceramic Filter) 60 ms
Oscillation tRe CLy,CLa - - 2 s 2,89
Stabilization
External tCPH. 0SC, 92 - - ns Vcc=3.5V to 6V 3
Clock High, Low  tep
Level Width 203 ns
External tePr, 0SC, - - 20 ns Vee=3.5V to 6V 3
Clock Rising, teps
Falling Time 20 ns
-I-N—To High, Low tioH, mo 2 - - teye/ 4,6,8,9
Level Width tioL tsuBcyc
INT1 High, Low  ty1p, INT,-INT3 2 - - teye 4
Level Width WL
RESET High tRSTH RESET 2 - - teye 5
Level Width
input Cin All pins - - 30 pF f=1MHz,V,, =0V
Capacitance
RESET tRSTY RESET - - 20 ms 5
Falling Time

Notes: 1. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V
(3.5V, in case of Vcc=3.5V —6.0V) after Power on, or after RESET goes high. RESET must
be kept high for at least trc to obtain oscillation time.

Oscillation stabilization time depends on the crystal or ceramic filter’s circuit constant and
stray capacitance. In employing the resonator, please consuit with the engineers of the
crystal or ceramic filter marker to determine the circuit parameter.
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Crystal Ceramic Filter

1

| ° o
1} I 0sc;, ——]C i 0sC,

= 3& R
4 I | 4 } . .
eno i ' 0SC. ano ot 0SC.
r —— b7
Xtal: Under the equivalent circuit Ceramic Filter: CSA4.00MG (MURATA)
Re: 1M Q £20% Re: TMQ +20%
Cq: 10pF£20% Cy: 30pF+20%
C,: 10pF£20% C»: 30pF£20%
—"A—
L Cs Rs
p-——
11
Colﬁ
Co=7pF max

Rs=100Q max
f =1.0-4.5MHz

2. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V
after power on.
Oscillation stabilization time depends on the crystal circuit constant and stray capacitance.
In employing the resonator, please consult with the engineers of the crystal maker to
determine the circuit parameter.
Il °
Al I Cl
L G . Rs
Crystal 1 ) .
[ Coyy
'L—C—l } L 4 CLz AT
2
777
GND
Xtal: MX38T {(Nihon denpa kogyo) Co=1.5pF typ
Right the equivalent circuit Rs=14kQ typ
Cy: 15pF+£5% f =32.768kHz

C,: 15pF£5%

CON DOr®

964

See figure 53.

See figure 54. Unit t.c is applied when MCU is Standby or Active mode.

See figure 55.

See figure 54. Unit tsuscyc is applied when MCU is in Watch or Sub-Active mode.

tsuecye =244 .14yus (when using 32.768kHz crystal oscillator)

Apply the data in parenthesis when subsystem oscillator is not used.

Applied to the product with 32kHz CPU operation selected by optional function.

Applied to the product with no 32kHz CPU operation, TIME-BASE operation selected by
optional function.
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Serial Interface Timing Characteristics

(Vecc = 3V to 6 V, GND = 0O V, Vaisp = Vec — 40 V to Ve, Ta = —20 to + 75°C, unless otherwise

noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Output Transfer tscye SCK 1 - - teye Loading 1,2
Clock {note 2)
Cycle Time
Output Transfer tSCKH. SCK 0.4 - - tseye Loading 1.2
Clock High, Low  tgckq {note 2)
Level Width
Output Transfer tscKr, SCK - - 80 ns Loading 1,2
Clock Rising, tsckf {note 2)
Falling Time
Input Transfer tSCKHD SCK 1 - - teye 1,2,3
Clock Completion
Detect Time
Input Transfer tSCKH» SCK 0.4 - - teye 1
Clock High, Low  tgeiL
Level Width
Input Transfer tsCKr. SCK - - 80 ns 1
Clock Rising, tsckf
Falling Time
Serial Output tpso SO - - 600 ns Loading 1,2
Data Delay (note 2}
Time
Serial Input tss| Sl 200 - - ns 1
Data Setup
Time
Serial Input tHs) S| 400 - - ns 1
Data Hold
Time
Notes: 1. See figure 56.

2. See figure 57.

3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003

clock are inputted. SCl interrupt request flag is not set when the next transfer clock is input
before transfer clock completion detect time has passed.
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(Vec = 3.5V to 6 V)

Item Symbol Pins Min Typ Max Unit Test Condition Note
Output Transfer tscye SCK 1 - - teye Loading 1,2
Clock {note 2)

Cycle Time

Output Transfer tSCKH. SCK 0.4 - - tseye  Loading 1.2
Clock High, Low  tgckr (note 2)

Level Width

Output Transfer tsckr. SCK - - 40 ns Loading 1,2
Clock Rising, tscKf {note 2}

Falling Time

Input Transfer tSCKHD SCK 1 - - teye 1,2,3
Clock Completion

Detect Time

Input Transfer tSCKH, SCK 0.4 - - teye 1
Clock High, Low  tgckL

Level Width

Input Transfer tscxe. SCK - - 40 ns 1
Clock Rising, tscKs

Falling Time

Serial Output tpso SO - - 300 ns Loading 1,2
Data Delay {(note 2)

Time

Serial Input tssi S 100 - - . ns 1
Data Setup

Time

Serial input ths) SI 200 - - ns 1
Data Hold

Time

Notes: 1. See figure 56.
2. See figure 57.
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input
before transfer clock completion detect time has passed.
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Electrical Characteristics
HD4074709 Electrical Characteristics

DC Characteristics
(Vec =3V t05.56 V,GND = 0V, Vaisp = Vecc — 40 V to Vee, Ta = —20 to + 75°C, unless otherwise

noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Input High ViH RESET, 0.8 Vce - Vee + 0.3V
Voltage SCK,INTo
— iNT3
SI 0.7Vcce - Vee + 0.3V
0OSCy Vee ~ 0.5 Vee + 03V Vee=3.5V to 6.5V
Vee — 0.3 -~ Vee + 0.3V
Input Low Vir RESET, - 0.3 - 0.2 Ve v
Voltage SCK.INTo
— INT3
St - 0.3 - 0.3 Vce v
0SCy -03 - 0.5 v Vee=3.5V to 5.5V
- 0.3 - 0.3 \"
Output High Vo SCK, S0, Vee—1.0 -~ - A —lon=1.0mA
Voltage PWM,BUZZ Vec=3.5Vto 6.5V
Vec—-0.5 — - v ~loH=0.5mA
Veec=3.5Vto 5.5V
—loH=0.3mA
Output Low Vou SCK,SO, - - 0.4 v lop=1.6mA
Voltage PWM,BUZZ Vcc=3.5V to 6.5V
lor=0.4mA
input/Output Iy RESET, - - 1 uA Vin=0V to V¢¢ 1
Leakage SCK,INTo
Current — INT3
S1,S0,
PWM,BUZZ
0SC,
Power Dissipation Icc Vee - - 8.0 mA Vee=5V, 2,4
in Active Mode fosc=4MHz
Divide-by-4
- - 4.5 mA Vee=3V, 2,4
fosc=2MHz
Divide-by-4
Power Dissipation |ggy Vee - - 2.0 mA Vee=5V, 3.4
in Standby Mode fosc=4MHz
) Divide-by-4
- - 1.0 . mA Vee=3V, 3.4
fosc=2MHz
Divide-by-4
G HITACHI
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Item Symbol Pins Min Typ Max Unit Test Condition Note

Power Dissipation g, Vee - - 150 uA Vcc=3V,when

in Subactive Mode using 32.768kHz
crystal,
Vin(TEST)=Vcc—
0.3V to Ve,
Vin(RESET)=0V to
0.3v

Power Dissipation |ya.ch Vee - - 15 HA Vee=3V,when

in Watch Mode using 32.768kHz
crystal,
Vin(TEST)=Vcc—
0.3V to Vce,
Vin(RESET)=0V to
0.3v

Power Dissipation |5, Vee - - 10 #A Vin(TEST,R90)} =

in Stop Mode Vec—0.3V to Ve,
Vin(RESET) =0V to
0.3v
not using
32.768kHz crystal

Watch Mode Viwatch Vee 3.5 - 5.5 \ Vec=3.5V to 6.5V

Retain Voltage 3.0 _ 55 v

Stop Mode Vstop Vee 2 - - \ not using

Retain Voltage 32.768kHz crystal

Notes: 1. Excluding Pull-up MOS current and output buffer current
2. The MCU is reset and input/output current does not flow.

Pin conditions: ® RESET, TEST:---- Vce

® R4-R9------ Vee

® Do-Dis, RO-R3, RA:----+ Vdisp

3. The timer/counter is enabled and input/output current does not flow.

MCU Conditions: & 1/0O----- same as at reset

® Serial interface----- halt

® Standby mode
Pin conditions: ® RESET-------- GND

® TEST-- Vee

® R4-R9------ Vee

)

4. Power dissipation in MCU operation or in Standby mode is in proportion to fosc; each
current value when fosc =x[MHz] is given by the following equation:
Maximum value {fosc=x[MHz])=x/4 x Max. value (fosc=4[MHz])
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Input/Output Characteristics for Standard Pins

(Vec =3V to55V,GND = 0V, Vaisp = Vec — 40 V to Vee, Ta = —20 to + 75°C, unless otherwise

noted)
item Symbol Pins Min Typ WMax Unit Test Condition Note
Input High Vin R4-R9 0.7 Vee - Vee + 0.3V
Voltage
Input Low ViL R4-R9 - 0.3 - 0.3 Vee \'%
Voltage
Output High VoH R4-R8 Vee—1.0 - - \% —loH=1.0mA
Voltage Vcc=3.5V to 5.6V
Vee—0.5 - - Vv —lop=0.5mA
Vcc=3.5Vto 5.5V
—loy=0.3mA
Output Low VoL R4-R8 - - 0.4 A\ loL=1.6mA
Voltage Vcc=3.5V to 6.5V
lo=0.4mA
Input/Output [he! R4-R8, - - 1 uA Vin=0V to Vcc¢ 1
Leakage Current R9¢1-R93
R9o - - 20 uA Vin=0V to Vgc

Note: 1. Output buffer current are excluded.

Input/Output Characteristics for High Voltage Pins

(Vcce =3V to55V,GND = 0V, Vaisp = Vecc — 40 V to Vee, Ta = —20 to + 75°C, unless otherwise

noted)

Item Symbol Pins Min Typ Max Unit Test Condition Note

Input High ViH Do-D1s,RA, 0.7 Vee - Vge + 0.3V

Voltage RO-R3

input Low ViL Do-D3s.RA, Vcc—40 - 0.3 Vee \

Voltage RO-R3

Output High Vo Do-D1s, Vee—3.0 - - \ —lon=15mA

Voltage RO-R3 Vee=4V to 5.5V
Vee—2.0 - - Vv —lon=10mA

Vec=4V to 5.5V

Vee—-1.0 - - \% —lon=4mA

Output Low Vou Do-D1s. - - Vee—37 v 160kQ to Ve~ 40V

Voltage RO-R3

Input/Output It Do-D1s,RA, — - 20 #A Vin=Vcc—40V to 1

Leakage RO-R3 Vce

Current

Note: 1. Output buffer current are excluded.
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AC Characteristics
(Vec =3V 1055 V,GND = 0V, Vaigp = Vcc — 40 V to Vee, Ta = —20 to + 75°C, unless otherwise

noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Oscillation fosc 0SC;,08C; 0.4 a4 4.5 MHz  Vec=3.6t05.5v 7
Frequency
. . MH
Divide-by-4 64 4.8 z
0.4 2 2.25 MHz 7
1.6 2 2.25 MHz
Oscillation feL CL4,CL2 - 32.768 - kHz
Frequency
(Divide-by-8)
Instruction teye 0.89 1 10 us Vec=3.5t05.5V 7
Cyele Time 0.89 1 2.5 us
1.78 2 10 us 7
1.78 2 2.5 us
Instruction tSuBcye - 244 .14 - us
Cycle Time
Oscillation tre 0SC41,08C;  — - 40 ms Vee=3.5to 5.5V 1
Stabilization
- - 1
{Crystal) 60 ms
Oscillation tae 0SC;,05C; — - 20 ms Vcc=3.5t06.5v 1
Stabilization
(Ceramic Filter) B B 60 ms !
Oscillation tRe CLy,CL2 - - 2 s 2
Stabilization
External tCPH. 0SCy 92 - - ns Vec=3.5 t0 5.5V
Clock High, Low
. 203 - -
Level Width teeL ns
External tcer, 0SCq - - 20 ns Vcc=3.51t0 5.5V
Clock Rising,
- - 20
Falling Time tept ns
INTo High, Low  tiow, INTo 2 - - teye/ 4.6
Level Width tioL tsuBcyc
INT; High, Low  ti7m, INT1-INT3 2 - - toye 4
Level Width L
RESET High tRSTH RESET 2 - - teye 5
Level Width
Input Cin Except RSp — - 30 pF f=1MHz, V=0V
Capacitance R9o - - 180 PF f=1MHz, V=0V
RESET tRST RESET - - 20 ms 5
Falling Time

Notes: 1. Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V
(3.5V, in case of Vcc=3.5V-5.5V) after Power on, or after RESET goes high. RESET must
be kept high for at least trc to obtain oscillation time.

Oscillation stabilization time depends on the crystal or ceramic filter's circuit constant and
stray capacitance. In employing the resonator, please consult with the engineers of the
crystal or ceramic filter marker to determine the circuit parameter.
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Crystal
—C{F I osc,
1
= R
GN[;; 02” J OSC.
- ‘

Xtal: Under the equivalent circuit

Re: TMQ £20%
Ci: 10pF+20%
C2: 10pF+20%

Ceramic Filter

r —H ' ' 0SC,
1 l
- R
I
ono T . 0sC;
v —

Ceramic Filter: CSA4.00MG (MURATA)
Ry TMQ £20%
C,: 30pF£20%
Ca: 30pF£20%

f__w\/\,—

Cs Rs

{}+
Co!

Co=7pF max
Rs=100Q max
f =1.0-4.5MHz

2.

Oscillation stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.0V
after power on.

Oscillation stabilization time depends on the crystal circuit constant and stray capacitance.
In employing the resonator, please consuit with the engineers of the crystal maker to
determine the circuit parameter.

Coyy
17{ CL, F

1L .
Al I Cly
Cs |

Crystal 1 L Rs |

777

GND

Xtal: MX38T (Nihon denpa kogyo) Co=1.5pF typ

Right the equivalent circuit Rs=14kQ typ
Cy: 15pF£5% f =32.768kHz
C,: 15pF+5%
3. See figure 53.
4. See figure 54. Unit tc,c is applied when MCU is Standby or Active mode.
5. See figure 55.
6. See figure 54. Unit tsyscyc is applied when MCU is in Watch or Sub-Active mode.
tsuseye=244.14us (When using 32.768kHz crystal oscillator)

7. Apply the data in parenthesis when subsystem oscillator is not used.
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HD404708/HD404709/HD4074709

Serial Interface Timing Characteristics
(Vece =3V 1to565V,GND = 0V, Vaigp = Vecc — 40 V to Ve, Ta = —20to + 75°C, unless otherwise

noted)

Item Symbol Pins Min Typ Max Unit Test Condition Note
Output Transfer  tgc ¢ SCK 1 - - teye Loading 1,2
Clock {note 2)

Cycle Time

Output Transfer  tgcku, SCK 0.4 - - tseye  Loading 1,2
Clock High, Low  tgckL {note 2)

Level Width

Output Transfer tSCKr» SCK - - 80 ns Loading 1.2
Clock Rising, tscke {note 2)

Falling Time

Input Transfer tsckvp  SCK 1 - - teye 1,2,3
Clock Completion

Detect Time

Input Transfer tSCKH, SCK 0.4 - - teye 1
Clock High, Low  tgck

Level Width

Input Transfer tsckr, SCK - - 80 ns 1
Clock Rising, tscks

Falling Time

Serial Output tpso SO - - 600 ns Loading 1,2
Data Delay {note 2)

Time

Serial Input tss) Sl 200 - - ns 1
Data Setup

Time

Serial Input tHs) Si 400 - - ns 1
Data Hold

Time

Notes: 1. See figure 56.
2. See figure 57.
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer
clock are inputted. SCi interrupt request flag is not set when the next transfer clock is input
before transfer clock completion detect time has passed.
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(Voc = 3.5 V to 55 V)

Item Symbol Pins Min Typ Max Unit Test Condition Note
Output Transfer tseye SCK 1 - - teye Loading 1,2
Clock (note 2)
Cycle Time
Output Transfer 1SCKH. SCK 0.4 - - tseyc  Loading 1,2
Clock High, Low  tgckL (note 2)
Level Width
Output Transfer  tgck;, SCK - - 40 ns Loading 1,2
Clock Rising, tsckf (note 2)
Falling Time
Input Transfer tSCKHD SCK 1 - - teye 1,2,3
Clock Completion
Detect Time
Input Transfer tSCKH, SCK 0.4 - - teye 1
Clock High, Low  tgckL
Level Width
Input Transfer tsCKrs SCK - - 40 ns 1
Clock Rising, tsckf
Falling Time
Serial Output tpso SO - - 300 ns Loading 1,2
Data Delay {note 2)
Time
Serial Input tss1 Si 100 - - ns 1
Data Setup
Time
Serial Input tHs| Sl 200 - - ns 1
Data Hold
Time
Notes: 1. See figure 55.

2. See figure 56.

3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input
before transfer clock completion detect time has passed.
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Vee=3.5—6V, Vec=3.5-5.5V

1 /fcp
Vee—0.5V \
l— t
0SCs 0.5V CPH tepL
tcpr tces
Vee= 3-3.5v
1/fep
Vee—0.3V
0S¢, — tcpH tepL
0.3v
tcer tept
Figure 53. Oscillation Stabilization Time
0.8Vcc
INTo,INT,, tion. tirw tio, i RESET
TN, INT, _0-2Vec S

Figure 54. Interrupt Timing

Figure 55. Reset Timing

Sck  Vec—2.0V(0.8Vco)®
0.8V(0.2Vcc)*

tsckHD B—

SO

X

e

r'tSSI"

I thsi -'

St

0.7Vee
0.3V

* Vec—2.0V and 0.8V are applied when transfer clock is output.
0.8 V¢c and 0.2 V¢ are applied when transfer clock is input.

Vee
R =2.6k2
Test
Point
c R 152074®@
30pF 12ka X ©F Equiv.

Figure 57. Timing Load Circuit

Figure 56. Serial Interface Timing
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HD404708/HD404709/HD4074709

HD404708/HD404709 Order date
Option List Company name
* Please enter check marks in (1, for example w, x or /. Department
(1) ROM size (2) Package type (3) Optional Function Name
O HD404708 O DP-64S [ 32kHz CPU operation ! ROM code
C HD404709 || OFP-64B O no 32kHz CPU operation ‘ LS| type HD40470
(4) ZTAT compatibility (5) ROM media
[ 1/0 circuit compatibility with the HD4074709 [0 EPROM: emulator type
O No 1/0 circuit compatibility with the HD4074709 [JHD4074709
(Note} ZTAT comapatibility is enabled only when all pins use C or D type
circuit. In this case do not check the list item (6) and (7).
(6) 1/0 option (1/0O options masked by are not available) (7) RA1/Vdisp
Pin name| 170 1/0 option Pin name o 1/0 option O RA+: without pull-down MOS (D)
B[c|D[E B[c|D]E] [T Va
Do /0 R3|R3o Ea_’ I/0 Note: RA3/Vgisp has to be selected as Vyisp
D1 1/0 R3, % 1/0 pin exept the case that all high voltage
D2 1/0 R3, § 1/0 pins are option D.
Ds 1/0 R3s| £ [0
b. | [0 RalRao| |10
Ds 1/0 R4, 1/0
De 1/0 R4, /0 (1) OSC; and OSC; oscillator
D7 1/0 R43 1/0 O Ceramic filter f= MHz
Ds 1/0 R5 [R50 1/0 0 Crystal f= MHz
Do 170 R5: 1/0 (3 External clock f= MHz
Dio 1/0 R52 1/0
all @ I/0 R53) 10 (2) CLy and CL; oscillator
Di2 |&|l/O R6 | R6¢ -g_ 1/0 Z
Ds_| BV~ Rew B I _ ngs::m =32 ;(58 KH
D |B|1/O) R62| 2 [1/0 ikl Z3< z
Di1s g’ 1/0 R63| & [I/0
RO |ROg | T |1/O R7 |R7¢ 1/0
RO 1/0 R71 1/0
ROz 1/0 R72 1/0
RO3 1/0 R73 1/0 7
R1|R1g 1/0 R8 | R8¢ 1/0 7
R14 1/0 R8; 1/0
R12 1/0 47 R9 | R9g [
R13| [1/0}/ RY, I
R2 | R2¢ /O V47 RS> t
R2; Y R9; ]
R2; 1/0 RA |RAg P g,w i
R23| |1/0 RA{|£88] | | Check 7
Check 1/0 option you select.
B: with pull-up MOS C: without puli-up MOS
D: without pull-down MOS E: with pull-down MOS
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