HMCS402 Series/

HMCS404 Series/
HMCS408 Series

Description

The HMCS402/404/408 Series are HMCS400 series
CMOS 4-bit single-chip microcomputers. Each
device incorporates a ROM, RAM, [/O, serial inter-
face, two timer/counters, and high-voltage 1/0 pins
including high-current output pins to directly drive
fluorescent display tubes.

Features

2048-word x 10-bit ROM (HM(CS402)

4096-word x 10-bit ROM (HMCS404)

8192-word x 10-bit ROM (HMCS408)

160-digit x 4-bit RAM (HM(CS402)

256-digit x 4-bit RAM (HMCS404)

512-digit x 4-bit RAM (HMCS408)

58 1/O pins, including 26 high-voltage 1/O pins

(Vcc—40 \'/ max.)

Two timer/counters

— 8-bit free-running timer

— 8&-bit auto-reload timer/event counter

Clock-synchronous 8-bit serial interface

Five interrupt sources

— Two by external sources

— Two by timer/counters

— One by serial interface

Subroutine stack up to 16 levels, including inter-

Tupts

Low-power dissipation modes

— Standby mode

— Stop mode

On-chip oscillator

—Crystal or ceramic oscillator (an external
clock also possible)

— Resistor (HMCS402C/HMCS404C)

C-type: 5-V operation version

CL-type: 3-V operation version

AC-type: high-speed operation version
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« Package

— 64-pin shrink dual-inline plastic package
— 64-pin flat plastic package

e ZTAT™ versions

(HD4074008, HD4074019)

Ordering Information

Series Product
Name Name Model Name  Package
HMCS402 HMCS402C HD614023S DP-64S
HD614023F FP-64
HMCS402CL  HD614026S DP-64S
HD614026F FP-64
HMCS402AC HD614029S DP-64S
HD614029F FP-64
HMCS404 HMCS404C HD6140435 DP-64S
HD614043F FP-64
HMCS404CL  HD614046S DP-84S
HD614046F FP-64
HMCS404AC  HD614049S DP-64S
HD614049F FP-64
HMCS408 HMCS408C HD614081S DP-64S
HD614081F FP-64
HD614081H FP-64A
HMCS408CL HD614086S5 DP-64S
HD614086F FP-64
HD614086H FP-64A
HMCS408AC  HD614089S DP-64S
HD614089F FP-64
HD614089H FP-64A

89 Hitachi




HMCS402 SeriessHMCS404 SeriessHMCS408 Series

Pin Arrangement
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Pin Functions

GND, Vi, Vdisp (Power): These are the power
supply pins for the MCU. Connect GND to ground
(0 V) and apply the V- power supply voltage to
the V¢ pin. The Viisp Pin (multiplexed with RA,)
is a power supply for high-voltage I/O pins with a
maximum voltage of 40 V (Vce - 40 V). For
details, see the Input/Output section.

TEST (Test): TEST is for test purposes only.
Connect it to Ve

RESET (Reset): RESET resets the MCU. For
details, see the Reset section.

08Cy, OSC, (Oscillator Connections): OSC, and
OSC, are input pins for the internal oscillator cir-
cuit. They can be connected to a crystal, ceramic,
or external oscillator circuits. For details, see the
Internal Oscillator Circuit section.

Dy to Dy5 (D Port): The D port is an input/output
port addressed by its bits. These 16 pins are all
input/output pins. Dy to D, are standard, and D, to
D5 are high-voltage pins. The circuit type for each
pin can be selected using a mask option. For
details, see the Input/Output section.

B 4496204 004?022 073 WM

R00 to R03, Ri, to R13, R20 to R2,, R3o to R3,,
R4y to R43, RS to R5;, R6, to R63, R7; to R7;,
R8, to R85, R9 to R9;3, RA(, RA; (R Ports): RO
to R9 are 4-bit IO ports. RA is a 2-bit port. RO, R6,
R7, and R8 are output ports, R9 and RA are input
ports, and R1 to RS are 1/O ports. RO, R1, R2, and
RA are high-voltage ports, and R3 to R9 are
standard ports, Each pin has a mask option which
selects its circuit type. The pins R3,, R3;, R4y,
R4, and R4, are multiplexed with INT,, INT,,
SCK, SI, and SO, respectively. For details, see the
Input/Output section.

INTy, INT; (Interrupts): INT; and INT; are
external interrupts for the MCU. INT; can be used
as an external event input pin for timer B. INT and
INT, are multiplexed with R3, and R3;, respec-
tively. For details, see Interrupt section.

SCK, SI, SO_(Serial Interface): The transmit
clock 1/0 pin (SCK), serial data input pin (SI), and
serial data output pin (SO) are used for serial
interface. SCK, SI, and SO are multiplexed with
R4y, R4y, and R4,, respectively. For details, see the
Serial Interface section.

81 Hitachi
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Block Diagram
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Memory Map
ROM Memory Map

The MCU includes the following ROM size shown
in table 1. The ROM is described in the following

paragraphs with the ROM memory map shown in
figure 1.

Vector Address Area (50000 to $000F ):
Locations $0000 through $000F are reserved for
JMPL instructions to branch to the starting address
of the initialization program and of the interrupt
programs. After reset or an interrupt, the program
is executed from the vector address.

Zero-Page Subroutine Area ($0000 to $003F):

Locations $0000 through $003F are reserved for
subroutines. The CAL instruction branches to sub-
routines.

Pattern Area $0000 to $07FF (HMCS402C/
CL/AC); $0000 to $OFFF (HMCS404C/CL/AC,
HMCS408C/CL/AC): These locations are reserved
for ROM data. The P instruction allows reference
to ROM data as a pattern.

Program Area $0000 to $07FF (HMCS402C/CL/
AC); $0000 to $OFFF (HMCS404C/CL/AC);
$0000 to $1FFF (HMCS408C/CL/AC): These
locations can be used for program code.

Table 1 ROM Size

Table 2 RAM Size

Serles Name ROM Size Series Name RAM Size
HMCS402C/CUAC 2048-word x 10-bit HMCS402C/CL/AC 160-digit x 4-bit
HMCS404C/CL/AC 4096-word x 10-bit HMCS404C/CL/AC 256-digit x 4-bit
HMCS408C/CL/AC 8192-word x 10-bit HMCS408C/CL/AC 512-digit x 4-bit
o $0000 0 JMPLinstruction _|$0000
Vector address 1 {jump to reset routine) $0001
15 $000F 2| JMPLinstruction _|$0002
16 $0010 3 (jump to INT, routine) ~ |$0003
Zero-page subroutine 4] JMPL instruction _|$0004
f {64 words) 5 (jump to INT| routine) $0005
63 $003F 6 | JMPL instruction a $0006
64 Patiern $0040 7] (jump to timer A routine} "1$0007
2047 } (2048 words) $07F 8| JMPLinstrucion _|$0008
2048 Pattern $0800 9| (jump to timer B routine) ~ | $0009
4095 {4096 words) $OFFF 10 $000A
4096 $1000 " $0008
12 JMPL instruction $000C
(51P gggj,i',"ds) 13[" (jump to serial routine) ~1$000D
14 $000E
8191 $1FFF 15 $000F
8192 $2000
Not used
16383 $3FFF
Figure1 ROM Memory Map
B 449204 0047024 94k M
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RAM Memory Map

The MCU also contains the following RAM size
shown in table 2 as the data and stack area. In addi-
tion to these areas, interrupt control bits and special
function registers are also mapped on the RAM
memory space. The RAM memory map (figure 2)
is described in the following paragraphs.

Interrupt Control Bits Area ($000 to $003): The
interrupt control bits area (figure 3) is used for
interrupt control. It is accessible only by RAM bit
manipulation instructions. However, the interrupt
request flag cannot be set by software. The RSP bit
is used only to reset the stack pointer.

Special Function Registers Area ($004 to $00B):
The special function registers are the mode or data
registers for the external interrupt, the serial inter-
face, and the timer/counters. These registers are
classified into three types: write-only, read-only,
and read/write, as shown in figure 2. These

registers cannot be accessed by RAM bit manipula-
tion instructions.

Data Area (HMCS402C/CL/AC: $020 to $07F,
HMCS404C/CL/AC: $020 to $0DF, HMCS408C/
CL/AC: $020 to $1DF): The 16 digits of $020
through $02F are called memory registers (MR)
and are accessible by the LAMR and XMRA
instructions (figure 4).

Stack Area ($3C0 to $3FF): Locations $3CO
through $3FF are reserved for LIFO stacks to save
the contents of the program counter (PC), status
flag (ST), and carry flag (CA) when subroutine
calls (CAL or CALL instruction) and interrupts are
processed. This area can be used as a 16-level nest-
ing stack in which one level requires 4 digits.
Figure 4 shows the save condition. The program
counter is restored by the RTN and RTNI instruc-
tions. Status and carry flags are restored only by
the RTNI instruction. This area, when not used as a
stack, is available as a data area.

0 $000 0 $000
RAM-mapped registers ! Interrupt control bits area $oo1
Kl $01F 2 $002
32 M sters (MR ${020 3 $003
ar|[|| Memony registers MR) | gnor 4[Port mode register (PMR): W |$004
48 Data $030 5|Serial mode register (SMR): W |$005
127 (96 digits) $07 6|Serial data register lower (SAL) \R/'W|$006
128 Data $080 7|Serial data register upper (SRU) {R/W|$007
223 f (192 digits) $0DF 8|Timer mode register A (TMA): W |$008
224 Data $0EO 91Timer mode register 8 (TMB): W |$009
479 f (448 digits) $1DF 0] fimers* (TCBUTLRL) :R/W/| $00A
480 $1E0 {TCBU/TLRU) ;R/W|$008B
Not used 12 $00C
959 $3BF
960 $3C0 Not used
Stack 31 $01F
(64 digits)
1023 $3FF
Note: * Two registers are mapped on the same address.
Timer counter B lower ’ Timer load register B lower :
10 (TCBL) R (TLRL) ;W | $00A
R: Read onl . :
W Write onlz 11 Timer counter B upper 'R Timer load register B upper ! w | soom
R/W: Read/write (TCBY) : (TLRU) :

Figure 2 RAM Memory Map
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Bit 3 Bit 2

IF: Interrupt request flag
IM: Interrupt mask

IE: Interrupt enable flag
8P: Stack pointer

instruction.

is tested by the TM or TMD instruction.

Note: Each bit of the interrupt control bits area is set by the SEM/SEMD in
REM/REMD instruction, and tested by the TM/TMD instruction. It is
instructions. Furthermore, the interrupt request flag is not affected by the SEM/SEMD

Bit 1 Bit0

6 MO IFo RSP IE 5000

(IM of INTp) (IF of INT) (Reset SP bit) (Interrupt enable flag)
1 IMTA IFTA M1 IF1_ 5001
(IM of timer A) (IF of timer A) (IM of INT;) (IF of INT;)

IMTB IFTB

2 Not used Not used (IM of timer B) (IF of imer By | $002
IMS IFS

3 Not used Not used (IM of serial) (F of serialy | $003

struction, reset by the
not affected by other

The value of the status flag becomes invalid when unusable bits are tested and the RSP bit

Figure 3 Configuration of Interrupt Control Bits Area

PCy3to PCy: Program counter
ST: Status flag
CA: Carry flag

Notes: 1. Since HMCS402C/CL/AC have 2-k
2. Since HMCS404C/CL/AC have 4-k
3. Since HMCS408C/CL/AC have 8-k

ROM, PC,4, PC,, and PC,3 are not used.
ROM, PC,5 and PC 13 are not used.
ROM, PC,3; is not used.

Memory registers Stack area

32[ MR(0) |$020 960[Level 16$3C0

33 MR (1) ] $021 Lovel 15

34[ MR (2) ]$022 Level 14

35| MR (3) |$023 Level 13

36| MR (4) |$024 Level 12

37[ MR (5) |$025 Lovel 11

38] MR (6) ]$026 Level 10

39 MR (7) |$027 Level 9 Bit3 Btz Bit1  Bitg

40 MR (8) |$028 Level 8 —— 1 L—

1 [R5} 8029 R 1020| ST | PO PGy PGy, |s3rC
42| MR (10) {$02A Level 6 7 r

s MREn; :ozs Covel s 1021) PCw PG PG, G, |sarp
44[MR (12) |$02C Level 4 — —

45| MR (13) |$02D Level 3 1022) OA | PG PG P, |saFE
46[ MR (1) |$02E Level 2 — T T
47[MR(15) |$02F 1023| Level 1 [saFF__ 1023| PCs PG, PG | PCo | $3FF

Figure 4 Configuration of Memory Registers, Stack Area,

MR 4496204 0Qu?026 719 WM 95 Hitachi
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Functional Description
Registers and Flags

The MCU has nine registers and two flags for the
CPU operations (figure 5).

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results of the
arithmetic logic unit (ALU), and transfer data
to/from memory, I/0, and other registers.

W Register (W), X Register (X), Y Register (Y):
The W register is a 2-bit write-only register, and
the X and Y registers are 4-bit registers used for
indirect addressing of RAM. The Y register is also
used for D-port addressing.

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

Carry Flag (CA): The carry flag (CA) stores the
overflow from the ALU generated by an arithmetic

operation. It is also affected by the SEC, REC,
ROTL, and ROTR instructions.

During an interrupt, the carry is pushed onto the
stack. It is restored by the RTNI instruction, but not
by the RTN instruction.

Status Flag (ST): The status flag (ST) holds the
ALU overflow, non-zero, and the results of a bit
test instruction for the arithmetic or compare
instruction. It is a branch condition of the BR,
BRL, CAL, or CALL instruction, The value of the
status flag remains unchanged until the next arith-
metic, compare, or bit test instruction is executed.
The status flag becomes a 1 after the BR, BRL,
CAL, or CALL instruction is either executed or
skipped. During an interrupt, the status flag is
pushed onto the stack and restored back from the
stack by the RTNI instruction, but not by the RTN
instruction.

13

-

PC

Qi

3 0
Accumulator
3 0
1 0
W register
3 0
3 v}
3 0
SPX SPX register
3 0
SPY register
Carry flag
Status flag
0
J Program counter
0
SP l Stack pointer

Figure 5 Registers and Flags

B 4496204 0047027 bS5 -
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Program Counter (PC): The program counter is a
14-bit binary counter which controls the sequence
in which the instructions stored in ROM are
executed.

Stack Pointer (SP): The stack pointer (SP) is used
to point to the address of the next stacking area (up
to 16 levels).

The stack pointer is initialized to RAM address
$3FF. It is decremented by 4 when data is pushed
onto the stack, and incremented by 4 when data is
restored from it. The stack can only be used up to
16 levels deep because the upper 4 bits of the stack
pointer are fixed at 1111,

The stack pointer is initialized to $3FF either by
MCU reset or by the RSP bit reset from the
REM/REMD instruction.

Interrupts

Five interrupt sources are available on the MCU:
external requests (INT),, INT,), timer/counters
(timers A and B), and the serial interface. For each
source, an interrupt request flag (IF), interrupt
mask (IM), and interrupt vector addresses are
provided to control and maintain the interrupt
request. The interrupt enable flag (IE) is also used
to control interrupt operations.

Interrupt Control Bits and Interrupt Processing:
The interrupt control bits are mapped on $000
through $003 of the RAM space. They are accessi-
ble by RAM bit manipulation instructions. The
interrupt request flag (IF) cannot be set by
software. The interrupt enable flag (IE) and IF are
cleared to 0, and the interrupt mask (IM) is set to 1
by MCU reset.

Figure 6 is a block diagram of the interrupt control
circuit. Table 3 shows the interrupt priority and
vector addresses, and table 4 shows the interrupt
conditions corresponding to each interrupt source.

Table 3 Vector Addresses and Interrupt Priority

Reset/Interrupt Priority Vector Addresses
RESET — $0000
INT, 1 $0002
INT, 2 $0004
Timer A 3 $0006
Timer B 4 $0008
Serial 5 $000C
Table 4 Interrupt Conditions
Interrupt Source

Interrupt Control Bit INT, iNT, Timer A Timer B Serial
IE 1 1 1 1 1
IFO - IMO 1 0 0 0 0
IF1 - TMT * 1 0 0 0
IFTA < IMTA * * 1 0 0
IFTB - IMTB * * * 1 0
IFS - MS * * * * 1
Note: * Don't care

B u4y49L204 004?028 591 M 97 Hitachi
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The interrupt request is generated when the IF is set
to 1 and IM is 0. If the [E is 1 at this time, the inter-
rupt will be activated and vector addresses will be
generated from the priority PLA corresponding to
the interrupt source.

Figure 7 shows the interrupt processing sequence,
and figure 8 shows the interrupt processing flow-
chart. If an interrupt is requested, the instruction
being executed finishes in the first cycle. The IE is

reset in the second cycle. In the second and third
cycles, the carry flag, status flag, and program
counter are pushed onto the stack. In the third
cycle, the instruction is re-executed after jumping
to the vector address.

At each vector address, program the JMPL instruc-
tion to branch to the starting address of the inter-
rupt program. The IF which caused the interrupt
must be reset by software in the interrupt program.

Sequence control

:)_ s Push PC/CA/ST
* Reset IE
« Jump to vector address

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

$000,3 -
m G o Vector
Priority control » address
logic
$001,0

Figure 6 Interrupt Control Circuit Block Diagram

B 4496204 0047029 44 WA
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Instruction 1 2 3 4 5 6
CYCIGS | ] l ] ]
— t T T T T L
Instruction
execution
. Stacking;
Interrupt Stacking; vector address
accepted reset of |E is generated
JMPL instruction execution
on the vector address
Instruction
execution at
starting address
of the interrupt
routine

Figure 7 Interrupt Processing Sequence
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‘ Power on ’

\

\ N
RESET = 17

L]

Yes
Interrupt Yes
request?
No N
0 IE =17
Yes
1
Reset MCU Execute instruction Accept interrupt

\

|

PC e« (PC) +1

IE<0
Stack « (PC)

L]

Stack «- (CA)
Stack « (ST)

Yes NT,

interrupt?

Timer A
interrupt?

Timer B
interrupt?

[ PC « $0002
- PC « $0004
— PC « $0006
] PC « $0008
- PC « $000C

(serial interrupt)

B 44965204 0047031 O8bL WM

Figure 8 Interrupt Processing Flowchart
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Interrupt Enable Flag (IE: $000, Bit 0): The
interrupt enable flag enables/disables interrupt
requests as shown in table 5. It is reset by an inter-
rupt and set by the RTNI instruction.

External Interrupts (lNTo, INTI) The external
interrupt request inputs (INTg, INT,) can be
selected by the port mode register (PMR: $004).
Setting bit 3 and bit 2 of PMR causes the R33/INT1
and R3,/INT; pins to be used as INT, and INT,,
respectively.

The external interrupt request flags (IF0, IF1) are
set at the falling edge of INT, and INT; inputs.
(Refer to table 6.)

The INT; input can be used as a clock signal input
to timer B, in which timer B counts up at each
falling edge of the INT; input. When using INT; as
the timer B external event input, the external inter-

rupt mask (IM1) has to be set so that the interrupt

request by INT; will not be accepted. (Refer to
table 7.)

External Interrupt Request Flags (IF0: $000, Bit
2; IF1: $001, Bit 0): The external interrupt request
flags (IFO, IF1) are set at the falling edge of the
INT, and INT; inputs, respectively.

External Interrupt Masks (IMO: $000, Bit 3;

IM1: $001, Bit 1): The external interrupt masks
mask the external interrupt requests.

Port Mode Register (PMR: $004): The port mode
register is a 4-bit write-only register which controls
the R3,/INT;, R3yINT}, R4,/SI, and R4,/SO pins
as shown in table 8. The port mode register will be
initialized to $0 by MCU reset. These pins are
therefore initially used as ports.

Table 5 Interrupt Enable Flag

Table 8 Port Mode Register

IE Interrupt Enabled/Disabled PMR3 R34/INT, Pin

0 Disabled 0 Used as R33 port input/output pin

1 Enabled 1 Used as INT, input pin

Table 6 External Interrupt Request Flags PMR2 R3,/INT, Pin

IFO, IF1 Interrupt Requests 0 Used as A3z port Mputioutput pin

0 No 1 Used as INT, input pin

Y

! hd PMR1 R4,/SI Pin
0 Used as R4, port input/output pin

Table 7 External Interrupt Masks 1P i puitet
1 Used as Sl input pin

IMO, IM1 Interrupt Requests

0 Enabled PMRO R4,/SO Pin

1 Disabled (masked) 0 Used as R4, port input/output pin
1 Used as SO output pin

B yy9L204 0047032 Tic M 101 Hitachi
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Serial Interface

The serial interface is used to transmit/receive 8-bit
data serially. This consists of the serial data
register, the serial mode register, the octal counter,
and the multiplexer as illustrated in figure 9. Pin
R4¢/SCK and the transmit clock signal are con-
trolled by the serial mode register. The contents of
the serial data register can be written into or read
out by software. The data in the serial data register
can be shifted synchronously with the transmit
clock signal.

The STS instruction is used to initiate serial inter-
face operations and to reset the octal counter to $0.
The counter starts to count at the falling edge of the
transmit clock signal (SCK) and increments by one
at the rising edge of SCK. When the octal counter
is reset to $0 after eight transmit clock signals, or
when a transmit/freceive operation is discontinued
by resetting the octal counter, the serial interrupt
request flag will be set.

the prescaler divide ratio, and the transmit clock
source as shown in table 9.

The write signal to the serial mode register controls
the operating state of the serial interface.

The write signal to the serial mode register stops
the serial data register and octal counter from
applying the transmit clock, and it also resets the
octal counter to $0 simultaneously. Therefore,
when the serial interface is in the transfer state, the
write signal causes the serial mode register to cease
the data transfer and to set the serial interrupt
request flag.

The contents of the serial mode register will be
changed on the second instruction cycle after writ-
ing into the serial mode register. Therefore, it will
be necessary to execute the STS instruction after
the data in the serial mode register has been
changed completely. The serial mode register will

Serial Mode Register (SMR: $005): The 4-bit e reset to $0 by MCU reset.
write-only serial mode register controls R4y/SCK,
System| | . OC (3bits) |SROF
clock Prescater (11 bits) Octal counter IFS
L interrupt
w request flag
MR of serial
NME IR IR intertace
ISR IE IS
| Internal bus line {(S1) |
Serial MPX +2 = MPX
sck 1% 14
¥ SR (8 bits)
3 : Serial data register
SMR (4 bits) PMR (4 bits) 14 te
4 Serial mode register 4 Port mode register [ Intemal busline (S2) | |
SCK
[ Internal busline (S2)] | 2
¥ ]
R4y/SCK R4,/SI R4,/SO |[_|
port port port
sﬁ< Si SO

Figure 9 Serial Interface Block Diagram
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Serial Data Register (SDR: $006, SRU: $007);
The 8-bit read/write serial data register consists of
a low-order digit (SRL: $006) and a high-order
digit (SRU: $007).

The data in the serial data register will be output
from the SO pin, from LSB to MSB, synchronously
with the falling edge of the transmit clock signal.
At the same time, external data will be input from

the SI pin to the serial data register, to MSB first,
synchronously with the rising edge of the transmit
clock. Figure 10 shows the I/O timing chart for the
ransmit clock signal and the data,

The read/write operations of the serial data register
should be performed after the completion of data
transmit/receive. Otherwise the data may not be
guaranteed.

Table 9 Serial Mode Register

SMR3 R4y/SCK
0 Used as R4, port input/output pin
1 Used as SCK input/output pin
Transmit Cloék

o Prescaler System Clock
SMR2 SMR1 SMRO R4,/SCK Port Clock Source Divide Ratio Divide Ratlio
) 0 0 SCK output Prescaler + 2048 + 4096
0 0 1 SCK output Prescaler +512 +1024
0 1 0 SCK output Prescaler +128 + 256
0 1 1 SCK output Prescaler +32 +64
1 0 0 SCK output Prescaler +8 +16
1 0 1 SCK output Prescaler +2 +4
1 1 0 SCK output System clock — 1
1 1 1 SCK input External clock — -

Transmit clock ‘ l | l l | | | | I

Serial output data

Serial input data
latch timing

Figure 10 Serial Interface I/O Timing
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Serial Interrupt Request Flag (IFS: $003, Bit 0):
The serial interrupt request flag will be set when
the octal counter counts eight transmit clock
signals, or when data transfer is discontinued by
resetting the octal counter. Refer to table 10.

Serial Interrupt Mask (IMS: $003, Bit 1): The
serial interrupt mask masks the interrupt request.
Refer to table 11.

Selection and Change of the Operation Mode:
Table 12 shows the serial interface operation
modes which are determined by a combination of
the value in the port mode register and that in the
serial mode register. Initialize the serial interface
by the write signal to the serial mode register, when
the operation mode is changed.

Operating State of Serial Interface: The serial
interface has three operating states: the STS
waiting state, transmit clock wait state, and transfer
state, as shown in figure 11,

The STS waiting state is the initialization state of
the serial interface internal state. The serial inter-
face enters this state in one of two ways: either by
changing the operation mode through a data change
in the port mode register, or by writing data into the
serial mode register. In this state, the serial inter-
face does not operate even if the transmit clock is
applied. If the STS instruction is executed, the seri-
al interface shifts to transmit clock wait state.

In this state the falling edge of the first transmit
clock causes the serial interface to shift to transfer
state, initializing the octal counter to count up and
the serial data register to shift simultaneously. As
an exception, if the clock continuous output mode
is selected, the serial interface stays in transmit
clock wait state while the transmit clock outputs
continuously.

The octal counter becomes 000 again after 8 trans-
mit clocks or by the execution of the STS instruc-
tion, so that the serial interface returns to transmit
clock wait state, and the serial interrupt request flag
is set simultaneously.

When the internal transmit clock is selected, the
transmit clock output is triggered by the execution
of the STS instruction, and stops after 8 clocks.

Example of Transmit Clock Error Detection:
The serial interface functions abnormally when the
transmit clock is disturbed by external noise. In this
case, transmit clock error can be detected by the
procedure shown in figure 12.

If more than 8 transmit clocks are applied in the
transmit clock wait state, the state of the serial
interface shifts in the following sequence: transfer
state, transmit clock wait state, and transfer state.
The serial interrupt flag should be reset before
entering into the STS state by writing data to SMR.
This procedure causes the serial interface request
flag to be set again.

Table 10 Serial Interrupt Request Flag

IFS Interrupt Request
0 No
1 Yes

Table 11 Serial Interrupt Mask

IMS interrupt Request
0 Enabled
1 Disabled (masked)

Table 12 Serial Interface Operation Mode

Serial Interface

SMR3 PMR1 PMR2 Operating Mode

1 0 0 Clock continuous output
mode

1 0 Transmit mode

1 1 0 Receive mode

1 1 Transmit/receive mode

B uu96204 0047035 721 WA
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STS waiting state
< octal counter = 000 )
transmit clock disable,

. Write to
Change PMR

Change PMR*

Note: * Change PMR means the change of operation mode as shown below.

Clock + Transmit mode
continuous * Receive mode
output mode *» Transmit/receive mode

: SMR
Write to SMR STS (IFS 1)
instruction
Transmit clock
Transmit clock wait state . Transfer state
{octal counter = 000) 8 transmit clocks, {octal counter = 000)
STS instruction
(IFS « 1)

Figure 11 Serial Interface Mode Transition

Transmit/receive
(IFS « 1)

:

Interrupt
disable

:

IFS «0

!

Write to SMR

Transmit clock
error processing

No

Normal end

Table 12 Transmit Clock Error Detection
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Timers

The MCU contains a prescaler and two timer/
counters (timers A and B) (figure 13) whose func-
tions are the same as the HMCS404C’s. The
prescaler is an 11-bit binary counter, timer A is an
8-bit free running timer, and timer B is an 8-bit

auto-reload timer/event counter.

Prescaler: The input to the prescaler is a system
clock signal. The prescaler is initialized to $000 by
MCU reset, and it starts to count up the system
clock signal as soon as RESET input goes to logic
0. The prescaler keeps counting up except at MCU
reset and stop mode. The prescaler provides clock
signals to timer A, timer B, and the serial interface.
The prescaler divide ratio is selected by timer mode
register A (TMA), timer mode register B (TMB),

and serial mode register (SMR).

signal. When the next clock signal is applied after
timer A is counted up to $FF, timer A is set to $00
again and an overflow output is generated. This
leads to setting the timer A interrupt request flag
(IFTA: $001, bit 2) to 1. Therefore, this timer can
function as an interval timer which periodically
generates overflow output at every 256th clock
signal input.

The clock input signals to timer A are selected by
timer mode register A (TMA: $008).

Timer B Operation: Timer mode register B
(TMB: $009) selects the auto-reload function, input
clock source, and the prescaler divide ratio for
timer B. When the extemnal event input is used as
an input clock signal to timer B, select R35/INT as
'I'N_T—l and set the external interrupt mask (IM1) to

Timer A Operation: After timer A is initialized to ~ prevent an external interrupt request from
$00 by MCU reset, it counts up at every clock input  occurring.

. _ [ Internal bus line (S1) |

Timer mode register B
v 4
TMB (4 bits) TL (4 bits) 4
3 Timer latch register
INT [ EEX, o
cPTB TCB (8 bits) T8
C) Timer B MPX Timer/event counter B IFTB
i © * * + f + + f * Interrupt
PR - TLR (8 bits) request flag
Rk Nk Timer oad register B of timer B
Séztf,?’ Prescaler (11 bits) 4 4

<o [ Internal bus line (S2) ]
[-o1NaVigaNIR: ¢
aie| oSS 528
R I A et A I

CPTA i TAOF
Timer A MPX ﬂ;(;f‘éguz'fgz A IFTA
E 3 Interrupt
request flag

TMA (3 bits) of timer A

Timer mode register A

Figure 13
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Timer B is initialized according to the data written
into timer load register B by software. Timer B
counts up at every clock input signal. When the
next clock signal is applied to timer B after it is set
to $FF, it will generate an overflow output. In this
case, if the auto-reload function is selected, timer B
is initialized according to the value of timer load
register B. If it is not selected, timer B goes to $00.
The timer B interrupt request flag (IFTB: $002, bit
0) will be set as this overflow is output.

Timer Mode Register A (TMA: $008): Timer
mode register A is a 3-bit write-only register. The
TMA controls the prescaler divide ratio of the
timer A clock input as shown in table 13.

Timer mode register A is initialized to $0 by MCU
reset.

Timer Mode Register B (TMB: $009): Timer
mode register B (TMB) is a 4-bit write-only
register which selects the auto-reload function, the
prescaler divide ratio, and the source of the clock
input signal, as shown in table 14. Timer mode
register B is initialized to $0 by MCU reset.

The operation mode of timer B changes at the

second instruction cycle after timer mode register B
is written to. The initialization of timer B by
writing data into timer load register B should be
performed after the contents of TMB are changed.
The configuration and function of timer mode
register B is shown in figure 14.

Timer B (TCBL: $00A, TCBU: $00B, TLRL:
$00A, TLRU: $00B): Timer B consists of an 8-bit
write-only timer load register, and an 8-bit read-
only timer counter. Each of them has a low-order
digit (TCBL: $00A, TLRL: $00A) and a high-order
digit (TCBU: $00B, TLRU: $00B). (Refer to
figure 2.)

Timer counter B can be initialized by writing data
into timer load register B. In this case, write the
low-order digit first, and then the high-order digit.
The timer counter is initialized when the high-order
digit is written. The timer load register is initialized
to $00 by MCU reset.

The counter value of timer B can be obtained by
reading timer counter B. In this case, read the high-
order digit first, and then the low-order digit. The
count value of the low-order digit is latched at the
timer when the high-order digit is read.

Table 13 Timer Mode Register A

Table 14 Timer Mode Register B

TMA2 TMA1 TMAQ Prescaler Divide Ratio T™MB3 Auto-Reload Function
0 0 0 + 2048 0 No
0 0 1 +1024 1 Yes
0 1 0 =512 Prescaler Divide Ratio,
0 1 1 +128 TMB2 TMB1 TMBO Clock Input Source
1 0 0 + 32 0 0 0 + 2048
1 0 1 +8 0 0 1 +512
1 1 0 +4 0 1 0 +128
1 1 1 +2 0 1 1 +32
1 0 0 +8
1 0 1 +4
1 1 0 +2
1 1 1 INT, (external event input)
M 4495204 0047038 430 N 107 Hitahi
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PMR: $004

SMR: $005

PMR3(PMR2{PMR1|PMRO

SMR3|SMR2[{SMR1|SMR0

A

3

. )

—
’—Transmit clock selection
R4/SCK pin mode selection

TMA: $008

R4,/SO pin mode selection
R4,/S| pin mode selection
R3,/INT, pin mode selection
R3,/INT, pin mode selection

TMB: $009

TMA2|TMA1{TMAO

TMB3 | TMB2 | TMB1

TMBO

N -
Y

\ J

Y
L—Timer B input clock selection

Auto-reload function selection

Timer A input clock selection

Figure 14 Mode Register Configuration and Function
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Timer A Interrupt Request Flag (IFTA: $001,
Bit 2): The timer A interrupt request flag is set by
the overflow output of timer A (table 15).

Timer A Interrupt Mask (IFTA: $001, Bit 3):
The timer A interrupt mask prevents an interrupt
request from being generated by the timer A inter-
rupt request flag (table 16).

Timer B Interrupt Request Flag (IFTB: $002,
Bit 0): The timer B interrupt request flag is set by
the overflow output of timer B (table 17).

Timer B Interrupt Mask (IMTB: $002, Bit 1):
The timer B interrupt mask prevents an interrupt
request from being generated by the timer B inter-
rupt request flag (table 18).

Table 15 Timer A Interrupt Request Flag

Table 17 Timer B Interrupt Request Flag

IFTA interrupt Request IFTB Interrupt Request
0 No 0 No
1 Yes 1 Yes

Table 16 Timer A Interrupt Mask

Table 18 Timer B Interrupt Mask

IMTA Interrupt Request IMTB Interrupt Request

0 Enabled 0 Enabled

1 Disabled {masked) 1 Disabled (masked)
M 4496204 OD47040 099 WA 109 Hitachi
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Input/Output

The MCU has 58 1/O pins, 32 standard and 26 high
voltage. One of three circuit types can be selected
by mask option for each standard pin: CMOS, with
pull-up MOS, and without pull-up MOS (NMOS
open drain); and one of two circuit types can be
selected for each high-voltage pin: with pull-down
MOS and without pull-down MOS (PMOS open
drain). Since the pull-down MOS is connected to
the internal Vg, line, the RA/Vy;sp pin must be
selected as V ;o via the mask option when at least
one high-voltage pin is selected as with pull-down
MOS. See table 19 for I/O pin circuit types.

When every input/output pin is used as an input
pin, the mask option and output data must be
selected in the manner specified in table 20.

Output Circuit Operation of With Pull-Up MOS
Standard Pins: In the standard pin option with
pull-up MOS, the circuit shown in figure 15 is used
to shorten the rise time of output.

When the MCU executes an output instruction, it
generates a write pulse to the R port addressed by
this instruction. This pulse will switch the PMOS
(B) on and shorten the rise time. The write pulse
keeps PMOS in the on state for one-eighth of the
instruction cycle time. While the write pulse is 0, a
high ocutput level is maintained by the pull-up
MOS (C).

When the HLT signal becomes 0 in the stop mode,
MOS (A), (B), and (C) turn off.

D Port: The D Port is an I/O port which has 16 dis-
crete 1/O pins, each of which can be addressed
independently. It can be setfreset through the
SED/RED and SEDD/REDD instructions, and can
be tested through the TD and TDD instructions.
See table 19 as for the classification of standard
pin, high-voltage pin, and the I/O pin circuit types.

R Ports: The eleven R ports in the HMCS408 are
composed of 20 I/O pins, 16 output-only pins, and
6 input-only pins. Data is input through the LAR
and LBR instructions and output through the LRA
and LRB instructions. The MCU will not be
affected by writing into the input-only and/or non-
existing ports, While invalid data will be read by
reading from the output-only and/or non-existing
ports.

The R3,, R33, R4y, R4y, and R4, pins are multi-
plexed with the INT,, INT;, SCK, SI, and SO pins,
respectively. See table 19 as for the classification
of standard pins, high-voltage pins, and selectable
circuit types of these 1/O pins.

Unused I/O Pins: If any unused 1/O pins are left
floating, the LSI may malfunction due to noise.
The 1/O pins should be fixed as follows to prevent
malfunction.

High-voltage pins: Select as without pull-down
MOS (PMOS open drain) via the mask option and
connect to V¢ on the printed circuit board.

Standard pins: Select as without pull-up MOS
(NMOS open drain) via the mask option and
connect to GND on the printed circuit board.

R4,/SCK and R4,/SO should be used as R4, and
R4, by the serial mode register and port mode
Tegister, respectively.

Reset

Bringing the RESET pin high resets the MCU. At
power-on or when cancelling the stop mode, the
reset must satisfy ty for the oscillator to stabilize.
In all other cases, at least two instruction cycles are
required for the MCU to be reset.

Table 21 shows the components initializes by MCU
reset, and the status of each.
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Table 19 I/O Pin Circuit Types

Standard Pins
Without Pull-Up MOS With Puli-Up MOS

(NMOS Open Drain) (A) 8) CMOS (C) Pins
lle} I S Dyto D
AT input o to Dy,
common HLT put T 0 Gara ALT Pl R3, to R3,,
pins Vee[ Vee wiie Vee Rdg to R4g,
[ pulse AT R5pt0 R5.
S—W O- KCE@‘HLT ﬁ”” So 10 RS
i bl Quput Output
data
Output R6, to R63,
pins Vee| Vee Write Vee R7° to R73,
o puise AT RB8pto R8,
b& HLT AT HLT 0
Qe
ata Output fo! t
data Quipu
Input R9; to R9,
pins
Vee

HLT AT ___
1o Input HLTW%HLT!: m:t
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- Table 19 1/O Pin Circuit Types (cont)

High Voltage Pins

Without Pull-Down MOS

{PMOS Open Drain) (D) With Puli-Down MOS (E) Pins
/] Vee D4 to D1 5
common R1gto R13,
pins R2, to R2;
Output ROg to RO

. Vee
pins
oCI= 5
QOutput
data
Vee
Vdisp
Input RA,
ins —
P HLT input
AT input data
O———:]:)"data Vee
Viisp

Input RA,
pins
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Table 19 /O Pin Circuit Types (cont) -

Standard Pins
Without Pull-Up MOS (NMOS

Open Drain) or CMOS (A or C) With Pull-Up MOS (B) Pins
/O SCK sck  SCK*
common E\:>c r?cu. (output
pins HLT HLT n mode)
HLT + mode select mode select
O O~
Internal SCK Internal SCK
Output SO
pins
:E Jm
SO
Input INTg,
pins Veo INT,,
— S|,
O—P— anut —o<}——nhLT SCK
ata Input i
i i
HLT

Note: In the stop mode, HLT is 0, HLT is 1, and the I/O pins are in high impedance.

* Ifthe MCU is interrupted by the serial interface in the external clock input mode, the SCK terminai
becomes input only.

Table 20 Data Input from Common Input/Output Pins

/O Pin Circuit Type Input Possible Input Pin State
Standard pins CMOS No —

Without pull-up MOS Yes 1

(NMOS open drain)

With pull-up MOS Yes 1
High voltage pins Without pull-down MOS Yes 0

(PMOS open drain)

With pull-down MOS Yes 0

M 449L204 0ODu7?044 7?34 A 13 Hitachi
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Pull-up MOS (C})

Vee Voo

PMQOS (B)

/ \ Write pulse

(output
instruction)

e

O

NMOS (A)

—CE

Data

On-Resistance Value

HMCS402C, HMCS402AC

MOS Buffer HMCSA404C, HMCS404AC HMCS402CL, HMCS404CL
A Approx. 250 Q Approx. 1 kQ
B Approx. 1 kQ Approx. 5 kQ
Cc Approx. 40 kQ to 160 kQ Approx. 75 kQ to 1 MQ (Ve =3 V)
(Vec=5V) Approx. 40 kQ to 160 kQ (Vg =5 V)
On-Resistance Value
MOS Buffer HMCS408C, HMCS408AC HMCS408CL
A Approx. 250 Q Approx. 1 kQ
B Approx. 1 kQ Approx. 1.7 kQ
C Approx. 30 kQ to 160 kQ Approx. 60 kQ to 1 MQ (Ve =3 V),
(Vec=5V) approx. 30 kQ to 160 kQ (Vec =5 V)
1 instruction cycle
1 1 1 L i 1 L
Output instruction execution
Write pulse

Figure 15 Output Circuit Operation of With Pull-Up MOS Standard Pins
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Table 21 Initial Values After MCU Reset

item Initial Value Contents
Program counter (PC) $0000 Execute the program from the top of
ROM address
Status flag (ST) 1 Enable to branch with conditional
branch instructions
Stack pointer (SP) $3FF Stack level is 0
O pins, Standard (A) Without pull-up 1 Enable to input
output register pins MOS
(B) With pull-up 1 Enable to input
MOS
(C) CMOS 1 —
High voltage (D) Without pull- 0 Enable to input
pins down MOS
(E) With pult- 0 Enable to input
down MOS
Interrupt flags/  Interrupt enable flag (IE) Inhibit all interrupts
mask Interrupt request flag (IF) No interrupt request
Interrupt mask (IM) Mask interrupt request
Mode registers  Port mode register (PMR) 0000 See Port Mode Register section
Serial made register (SMR) 0000 See Serial Mode Register section
Timer mode register A (TMA) 000 See Timer Mode Register A section
Timer mode register B (TMB) 0000 See Timer Mode Register B section
Timer/counters  Prescaler $000 —
Timer counter A (TCA) $00 —
Timer counter B (TCB) $00 —
Timer Ioad register (TLR) $00 —
Octal counter 000 —

Note: MCU reset affects the other registers as shown on the next page.
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Table 21 Initial Values After MCU Reset

After MCU Reset to Recover After MCU Reset to Recover
Hem from Stop Mode from Other Modes
Carry flag (CA) The contents of the items before  The contents of the items before
Accumulator (A) M_CU reset are no.t re.ta.lned. MCU reset are no} (e‘ta.lned.

It is necessary to initialize them It is necessary to initialize them
B register (B) by software. by software.
W register (W)
X/SPX registers (X/SPX)
Y/SPY registers (Y/SPY)
Serial data register  (SR)
RAM The contents of RAM before Same as above for RAM.

MCU reset (just before STOP
instruction) are retained.
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Internal Oscillator Circuit

Figure 16 outlines the internal oscillator circuit,
Through the mask option, either a crystal oscillator
or ceramic oscillator can be selected as the oscilla-

or ceramic oscillator. In all cases, an external clock
operation is available. Three divide ratios, 1/16, 1/8
and 1/4, are selectable via the mask option

tor type. Refer to table 23 for the selection type. In  (table 22).
addition, see figure 17 for the layout of the crystal
Table 22 Internal Oscillation Circuit Mask Option
Oscillation Divider
Series Name Crystal Ceramic Resistor 116 1/8 1/4
HMCS402C Available Available Available — Available —
HMCS402CL Available Available — —_ Available —
HMCS402AC Available Available _ — Available —
HMCS404C Available Available Available — Available —
HMCS404CL Available Available - — Available —
HMCS404AC Available Available — — Available —
HMCS408C Available Available — — Available Available
HMCS408CL Available Available — Available Available —
HMCS408AC Available Available —_ - Available Available
HD4074008 Available Available — — Available —
HD404019 Available Available — — — Available
HD4074019 Available Available — — — Available
Note: — implies not available
0OSCy ®_ Oscillator Divider Timing
(selectable circuit System
with mask {mask option gec?;rle‘aittor clock
0SsC, @_ options) selectable)

Figure 16 Internal Oscillator Circuit

Do
GND
08C,
osc,
TEST
RESET

AAA

Figure 17 Layout of Crystal and Ceramic Oscillator
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Table 23 Examples of Oscillator Circuits

Circuit Constants
HMCS402C HMCS402CL HMCS402AC
Circuit Configuration HMCS404C HMCS404CL HMCS404AC
External Oscilator
clock L | osc,
operation
Open — OSC,
Resistor — R; = 20 kQ +2% —- —
oscillator losc,
Re
OSC,
Ceramic ¢, Ceramic oscillator ~ Ceramic oscillator ~ Ceramic oscillator
oscillator it 0se, CSA 4.00MG CSA 2.000MK CSA 6.00MG
m&é 2R, (Murata) (Murata) (Murata)
. T T Re: 1 MQ12% Ri: 1 MQ +2% Ri 1 MQ +2%
Icz 0sCz C1: 30 pF +20% C1: 30 pF +£20% C1: 30 pF +20%
aND C,: 30 pF +20% C,: 30 pF +20% Co: 30 pF £20%
Crystal ¢, Ry 1 MQ 2% — Ri: 1 MQ +2%
oscillator [ Cy Cy: 10 pFto 22 pF C4: 10 pF to 22 pF
WE 2R +20% 120%
. ) C,: 10 pF to 22 pF C,: 10 pF to 22 pF
A 0SCe +20% +20%
GND Crystal: Equivalent Crystal: Equivalent
AT-cut paraliel to bottom circuit to bottom circuit
resonance crystal C,: 7 pF max. Co: 7 pF max.
osc,-{ u|.“ c:s Rg j»0sc, Rg: 60Q max. Rg: 100 Q max.
& f: 20MHzto f. 20MHzto
4.5 MHz 6.2 MHz

Cy

- 0sC,
crystalé SR

1 I.u

W
C; R
GND

YWy

OSC.

GT-cut parallel
resonance crystal

osc,‘{ L Cs As ¢~0SC;
Co

Rf? 2 MQ 2%

C4: 10 pFto 22 pF
+20%

C,: 10 pF to 22 pF
+20%

Crystal: Equivalent

to bottom circuit

C,: 7 pF max.

Rs: 100 Q max.

f: 20MHzto
2.25 MHz

Notes: 1. The circuit parameters written above are recommended by the crystal or ceramic oscitlator
manufacture. The circuit parameters are affected by the crystal, ceramic resonator, and the
floating capacitance when designing the board. When using the resonator, consult with the
crystal or ceramic oscillator manufacture to determine the circuit parameters.

2. Wiring among OSC,, OSC,, and other elements should be as short as possibie, and avoid
crossing other wires. Refer to the recommended layout of the crystal and ceramic oscillator

(figure 17).
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Table 23 Examples of Oscillator Circuits (cont)

Circuit Configuration

Circuit Constants

HMCS408C HMCS408CL HMCS408AC
External Oscillator
clock | {ose,
operation
Open — OSC,
Ceramic ¢, Ceramic oscillator  Ceramic oscillator ~ Ceramic oscillator
oscillator - _L 0SC, CSA 4.00MG CSA 2.000MK CSA 8.00MT
Cer?ilmic 2R CSA 2.000MK (Murata) CSA 4.00MG
T (Murata) Ry 1 MQ +20% (Murata)
»1.02 0sC, Re 1 MQ +20% C4: 30 pF £20% Ry 1 MQ +20%
& Cy: 30 pF +20% C,: 30 pF +20% Cy: 30 pF £20%
Cy: 30 pF £20% Cy: 30 pF £20%
Crystal c Re 1 MQ +20% — Ry 1 MQ +20%
oscillator ,Ll ose, C4: 10 pF to 22 pF Cy: 10 pF to 22 pF
! +20% +20%
°"'s"‘":'f i Cz: 10 pF to 22 pF Cp: 10 pF 10 22 pF
cf +—+|osc, +20% +20%
- Crystal: Equivalent Crystal: Equivalent
AT-out paraliel 1o bottom circuit to bottom circuit
resonance crystal Co: 7 pF max. Co: 7 pF max.
Rq: 100 Q max. Rs: 100 Q max.
0OSC, L GCsRs 0SC, S S
’C:;m' f. 1.0 MHzto f: 1.0 MHzto
° 4.5 MHz 9.0 MHz

Cy
%é 0SC,
Crystal EE Ry
Lo
} Wo

C2 Ry
GND

0SC,

GT-cut parafiel
resonance crystal

OSC1-{ L CsRs }*OSCQ
Co

Rs: 1 MQ +20% —

C4: 10 pF to 22 pF
120%

Co: 10 pF to 22 pF
+20%

Crystal: Equivalent

to bottom circuit

Cq: 7 pF max.

Rg: 100 Q max.

f. 1.0MHzto
2.25 MHz

Notes: 1. The circuit parameters above are recommended by the crystal or ceramic oscillator manufacture.
The circuit parameters are affected by the crystal, ceramic resonator, and the floating capaci-
tance when designing the board. When using the resonator, consult with the crystal or ceramic
oscillator manufacture to determine the circuit parameters.

2. Wiring among OSC,, OSC,, and other elements should be as short as possible, and avoid
crossing other wires. Refer to the recommended layout of the crystal and ceramic oscillator

(figure 17).
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Operating Modes

The MCU has two low-power dissipation modes,
standby mode and stop mode (table 24). Figure 18

is a mode transition diagram for these modes.

Standby Mode: Executing the SBY instruction
puts the MCU into standby mode. In standby mode,

the oscillator circuit is active, and interrupts and the
timer/counters remain working. On the other hand,
the CPU stops since the clock related to the instruc-
tion execution stops. Registers, RAM, and 1/O pins
retain the states they were in just before the MCU
went into standby mode.

Table 24 Low-Power Dissipation Modes Function

Condition
Timer/

Low-Power Input/ Counters,
Dissipation Osclllator Instruction Registers, Interrupts Output Serial Cancellation
Mode Instruction Circuit Execution Flags Function RAM Pins Interface Method
Standby sBY Active Stop Retained  Active Retained Retained*® Active RESET
mode instruction input,

interrupt

request
Stopmode STOP Stop Stop Reset*! Stop Retained High Stop RESET

instruction impedance*2 input

Notes: 1. The MCU cancels the stop mode by RESET input. Refer to table 21 for the contents of the flags and registers.
2. A high-voltage pin with pull-down MOS is tied to the Ve, power supply through the puli-down MOS. As the pull-down
MOS stays on, a pull-down current flows when a difference between the pin voltage and the Vg, voltage exists. This is
the additionat current to the current dissipation in the stop mode (lstop)-
3. When an I/O circuit is active, an YO current may flow, depending on the state of the I/O pin in standby mode. This is the
additional current for current dissipation in standby mode.

Standby

SBY
instruction

mode

RESET =1

Interrupt
request

RESET =1

RESET =0

STOP
instruction

RESET =1

B uugL204 004?051 S04 W

Figure 18 MCU Operation Mode Transition
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The standby mode may be cancelled by inputting case, the MCU becomes active and executes the
RESET or by asserting an interrupt request. In the  next instruction following the SBY instruction.
former case the MCU is reset. If the interrupt

enable flag is 1 at this time, the interrupt is execut- ~ Figure 19 shows the flowchart of the standby
ed; if it is 0, the interrupt request is put on hold and ~ mode.

normal instruction execution continues. In the latter

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

Restart Restart
processor clocks processor clocks
Execute
next instruction

<>

Yes
Execute Accept
Reset MCU instruction interrupt

Figure 19 MCU Operating Flowchart in Standby Mode
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Stop Mode: Executing the STOP instruction brings
the MCU into the stop mode, in which the oscilla-
tor circuit and every function of the MCU stop.

The stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 20, the
RESET input must be applied for at least tge for

the oscillation to stabilize. (Refer to the AC
Characteristics table.) After stop mode is cancelled,
RAM retains the state it was in just before the
MCU went into the stop mode, but the accumula-
tor, B register, W register, Y/SPY registers, and
carry flag will not retain their contents.

| Stop mode

|
™ |
osanor [N, ....n||II|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIII

({4
2

Internal clock II | I

RESET }

[ L]
I

KUHHHJJJJI [L]1
;

—

STOP instruction
execution

| N
| tres I

tres 2 tre (stabilization time)

Figure 20 Timing of Stop Mode Cancellation

M yy9L204 pou?053 P47
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Addressing Modes
RAM Addressing Modes

As shown in Figure 21, the MCU has three RAM
addressing modes: register indirect addressing,
direct addressing, and memory register addressing.

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

Direct Addressing Mode: A direct addressing
instruction consists of two words, with the word

(10 bits) following the opcode used as the RAM
address.

Memory Register Addressing Mode: The
memory registers (16 digits from $020 to $02F) are
accessed by executing the LAMR and XMRA
instructions.

ROM Addressing Modes and the P Instruction

The MCU has four ROM addressing modes as
shown in figure 22.

Direct Addressing Mode: The program can
branch to any address in ROM memory space by
executing the JMPL, BRL, or CALL instruction.
These instructions replace the 14 program counter
bits (PC,5 to PCq) with 14-bit immediate data.

Current Page Addressing Mode: The MCU has
eight pages of ROM with 256 words per page. By
executing the BR instruction, the program can
branch to an address on the current page. This
instruction replaces the low-order eight bits of the
program counter (PC5 to PCy) with 8-bit immediate
data.

B 4496204 004?054 LA3 WM

R

When the BR instruction is on a page boundary
(256n + 255) (figure 23), executing it transfers the
PC contents to the next page according to the hard-
ware architecture. Consequently, the program
branches to the next page when the BR instruction
is used on a page boundary. The HMCS400 series
cross macroassembler has an automatic paging
facility for ROM pages.

Zero-Page Addressing Mode: By executing the
CAL instruction, the program can branch to the
zero-page subroutine area, which is located at
$0000 to $003F. When the CAL instruction is
executed, 6 bits of immediate data are placed in the
low-order six bits of the program counter (PCs to
PCy) and Os are placed in the high-order eight bits
(PC]3 to PC6)

Table Data Addressing Mode; By executing the
TBL instruction, the program can branch to an
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 the P instruction
(figure 24). When bit 8 in the referenced 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 registers. 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
registers at the same time.

The P instruction has no effect on the program
cournter.
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W register X register

Y register

yau N 7 N7

Wi [Wo [ X3 | Xa| X1 | Xo

Y3

Yo

Yy

Yo

1 Y

RAM address |APg|APg|AP;|APg|APs|AP,

APj3

AP, (AP,

APy

Register Indirect Addressing

Instruction 1st word Instruction 2nd word

Opcode dg |dg |d7 |dg | ds | dy

da

dz

dy

do

RAM address |APg|APg|AP;|APg|AP5|AP,

AP3

AP,

AP,

APq

Direct Addressing

Instruction

Opcode

m3

mz

Mo

0 0 0 0 1 0
B N N I

RAM address |APg|APg|AP,|APg|APs|AP,

AP3

APy

APq

Memory Register Addressing

Figure 21 RAM Addressing Modes
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[YMPL]
(BRL]

[CALL] Instruction 1st word Instruction 2nd word
I T — —

Opcode Pz P2 Py Pofdg dg d; dg d5 d; dy d, d, d,

L i

! |
Program counter |PC,3 PC,, PC,,PC,, PC4 PC4 PC, PC4 PC5 PC, PC, PC, PC, PC,

Direct Addressing

Instruction
7 Y

T T

[BR]| Opcode | b, bg b b, by b, b, b,

A y
Program counter [PC,; PC,, PC,,PC,, PC4 PCq PC, PC4 PC4 PC, PC, PC, PC, PC,

Current Page Addressing

Instruction

T T T T T T T T —
[CAL) Opcode a; a, a; a, a; a,
06 0 0 0 0 O

0 0
bbb bbb !

Program counter |PC,, PC,, PC,,PC,,PC4 PC4 PC;, PC, PC; PC, PC, PC, PC, PC,

Zero Page Addressing

Instruction
I Y

[TBR] ‘Opc‘ode [ ‘ Py P11 Po

L L

B register Accumulator
Y Y

By Bp By Bo|Az Ay Ay A,

0 O
+ A y y

Program counter |PC,3PC,, PC,PC,, PC4 PCg PC; PC, PC; PC, PC, PC, PC, PC,

Table Data Addressing

Figure 22 ROM Addressing Modes

M 4496204 0047056 456 N 125 Hitachi

T




HMCS402 SeriessHMCS404 SeriessrHMCS408 Series

N

256(n — 1) + 255
[‘ BRAAA | 256n

AAA NOP

| BRAAA 256n + 254
—+ BRBBB 256n + 255

256(n + 1)
“» BBB NOP
Figure 23 BR Instruction Branch Destination on a Page Boundary
Instruction
Y . . r . r . . Y
(F] ___Opcode Ps P2 P1 Po B register Accumulator

el Y Y

Bs B; By By|Az Ay Ay Ag

l l ] ]

Referred ROM address |RA;3RA, RA, RA,qRAg RAg RA; RAg RA; RA, RA; RA, RA, RA,

Address Designation

ROM data ROQ: ROB:RO-,: nostnosjno.,:nos: RO';‘ RO,:ROO
TI T T T 1T

Accumulator, B register |[B; B, B, By | Az Ap A; Ag|lfROg=1

ROM data Rogiﬂoelraoinoajnos:no.,:nos:nozlno,:aoo
RN

Output registers R1, R2 [R2; R2, R2, R2,|R13 R1, R1, Riy| fROg = 1

Pattern

Figure 24 P Instruction
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Absolute Maximum Ratings

item Symbol Value Unit Notes

Supply voltage Vee -0.3t0+7.0 \

Pin voltage Vr —0.3t0 Vg + 0.3 v 1
Voo — 4510 Ve + 0.3 v 2

Total permissible input current Zl 50 mA 3

Total permissible output current -2l 150 mA 4

Maximum input current ly 15 mA 56

Maximum output current =iy 4 mA 6,7

mA 7.8

30 mA 7.9

Operating temperature Topr —20to +75 °C

Storage temperature Tstg -5510 +125 °C

Notes: Permanent damage may occur if these absolute maximum ratings are exceeded. Normal operation
should be under the conditions of the electrical characteristics tables. If these conditions are
axceeded, the LS| may malfunction or its reliability may be affected.

All voltages are with respect to GND.

1. Applied to standard pins.

2. Applied to high voltage pins.

3. Total permissible input current is the total sum of input currents which flow in from all VO pins to
GND simultaneously.

Total permissible output current is the total sum of the output currents which flow out from Veg to
all I/0 pins simultaneously.

Maximum input current is the maximum amount of input current from each IO pinto GND.
Applied to Dy to D3 and R3 to R8.

Maximum output current is the maximum amount of output current from V¢ to each 1O pin.
Applied to RO to R2.

Appiied to D4 to Dys.

>

©EN®
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HMCS402C Electrical Characteristics

DC Characteristics (Vcc =4 Vo 6 V,GND =0V, Vyio, = Voo~ 40 V to Ve, Ty = -20°C to +75°C,
unless otherwise specified)

em Symbol Pin Min Typ Max Unit Test Condition Notes
Input high VIH RESET, SCK  0.7Vgc — Veg+03 V
voltage INTq, INT,
Si 0.7Vee —_ Vee+03 V
0SC4 Veg-05 — Ve +03 V
Input low Vi RESET, SCK, -0.3 — 022Vee V
voltage INTy, INT,
Sl -0.3 — 022Vee V
0SC;4 -0.3 — 0.5 v
Output high Vg SCK, SO Vee-10 — — \' =lop =1.0mA
voltage Vec-03 — — V. —lgy=001mA
Output low VoL SCK, SO —_ — 0.4 \") loL=1.6mA
voltage
Input/output  ji | RESET, SCK, — — 1 MA Vi, =0VioVee 1
leakage INT,, INT,,
current Si, 8O, OSC,
Current lec Vee — —_ 2.0 mA  Vgc=5V Crystal or 2,6
dissipation ceramic
in active oscillator
mode fosc =4 MHz
— — 24 mA Resistor 2,6
oscillator
fosc =4 MHz
Current Isgy1 Vee - — 1.2 mA  Maximum Crystal or 3,6
dissipation logic ceramic
in standby operation oscillator
mode Vcc =5V 'OSC =4 MHz
— — 1.6 mA Resistor 3,6
oscillator
fosc =4 MHz
lsy2 Vee — — 09 mA  Minimum Crystal or 4,6
logic ceramic
operation oscillator
Vcc=5V fosc=4MHZ
- — i3 mA Resistor 4,6
oscillator
fosc =4 MHz
Current IsToP Vee — — 10 pA VinesT) = Vec ~ 0.3 Vo Ve,
dissipation in Vin(RESET) =0Vto03V
stop mode
Stopmode  Vgrop Vee 2 - haad \'
retaining
voltage
Refer to notes on the following page.
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Notes: 1.
2.

4.

5.

6.

Pull up MOS current and output buffer current are excluded.
The MCU is in the reset state. The input/output current doss not flow.
Test conditions: MCU state

+ Reset state in operation mode

Pin state

- RESET, TEST: Vg

. Do to D3, R3 to R9: VCC

M D4 to D15, RO to R2, RAo, RA1: VdiSp

. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
* Input/output: Reset state
+ Timer A: Divide-by-2 prescaler divide ratio
+ Timer B: Divide-by-2 prescaler divide ratio
+ Serial interface: Stop

Pin state

» RESET: GND

« TEST: VCC

. Do to Da, R3 to R9: VCC

. D4 to D15. RO to R2, RAo, RA1: Vdisp

The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
+ Input/output: Reset state
« Timer A: Divide-by-2048 prescaler divide ratio
+ Timer B: Divide-by-2048 prescaler divide ratio
+ Serial interface: Stop

Pin state

+ RESET: GND

« TEST: VCC

. Do to D3. R3 to R9: VCC

. D4 to D15, RO to R2, HAO, RA1Z Vdisp

Pull-down MOS current is excluded.

When fogc = x MHZ, the current dissipation in operation mode and standby mode are estimated
as follows:

Maximum value (fogc =, MHz) = % x max. value (fosc = 4 MHz)
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- Input/Output Characteristics for Standard Pins (Vcc=4Vto6 V,GND =0V, Viisp = Vec-40V o
Ve Ty ==20°C to +75°C, unless otherwise specified)

Htem Symbol Pin Min Typ Max Unit Test Condition  Note
Input high VH DgtoD3, 0.7Vge — Vgg+03  V
voltage R3 to RS,
R9
Input low VIL Do to 03, 0.3 —_ 022VCC \%
voltage R3 to R5,
R9
Output high VOH DO to D3. Vcc -1.0 — —_ \'4 —‘OH = 1.0 mA 1
voltage R3to R8
Do to 03, VCC -03 — _— \' —|OH =0.01 mA 1
R3 1o R8
Output low Voo DO to D3, — — 0.4 Vv IOL =1.6 mA
voltage R3to R8
Inputioutput | 1y | Dgto D3, — — 1 KA Vip=0VtoVpe 2
leakage R3 toR9
current
Pull-up MOS  -lp DytoDs, 30 60 120 HA Vee =5V, 3
current R3 to R9 Vin=0V

Notes: 1. Applied to I/O pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/O pins selected as with pull-up MOS by mask option.
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Input/Output Characteristics for High Voltage Pins (Voc=4Vto6 V,GND =0V, Viisp = Voo - -
40 V to Ve, Ty = -20°C to +75°C, unless otherwise specified)
Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high VIH D4 to D1 5 0.7 VCC —_— VCC +03 V
voltage R1, R2,

RA,, RA,
Input low VIL D4 to D15, VCC -40 —_ 0'22VCC \'
voltage R1, R2,

RA,, RA,
Output high Vgy D40 D45 Vee-30 — — \ ~lon =15 mA,
voltage Voo =5V £10%

VCC -20 — —_ Vv —IOH =9 mA
ROtoR2  Vgc-80 —  — V. —loy=3mA,
Voe =5V 10%
VCC -20 - — \ —IOH =1.8mA

Output low VOL D4 to D15, —_— —_ VCC - 37 \' VdiSp = VCC -40V 1
voltage RO to R2

D4to Dy, — —  Vge=37 V. 150kQat 2

RO to R2 Veg =40V
inputioutput  |ly| DstoDy5, — — 2 HA  Vip=Veo-40V 3
leakage RO to R2, o Vee
current RA, RA,
Pull-down  Ipp DstoDy5, 125 250 500 BA  Vggp=Voc—35V, 1
MOS current RO to R2, Vin=Vee

RAg, RA,

Notes: 1. Applied to O pins selected as with pull-down MOS by mask option.
2. Applied to I/O pins selected as without pull-down MOS (PMOS open drain) by mask option.
3. Pull-down MOS current and output buffer current are excluded.
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unless otherwise specified)

AC Characteristics (Vcc =4 V10 6 V,GND =0V, Vg, = Voo =40 Ve Vi, Ty = -20°C to +75°C,

Iitem Symbol Pin Min Typ Max Unit Test Condition Note
Crystal or Oscillation  fogo 0sC,, 04 4 45 MHz
ceramic  frequency 0SC,
oscillator Instruction  tg. 1.78 2 20 us
cycle time
Oscillator e 0sCy, — — 20 ms 1
stabilization 0S8C,
time
Resistor  Oscillation  foge 0sc,;, 1.8 3.0 42 MHz R{=20kQ12%
oscillator  frequency 0S8C,
Instruction  tgye 1.9 266 444 us Ry = 20 k2 +2%
cycle time
Oscillator  tge 0sC,, - — 0.5 ms Ri=20kQ+2% 1
stabilization 0SsC,
time
External  External fep 0sC; 04 —_ 4.5 MHz 2
clock clock
frequency
External tcPH OsC; 100 — — ns 2
clock
high width
External tCPL OSC1 100 -— —_ ns 2
clock
low width
External tcee osCc; — —_ 20 ns 2
clock
rise time
External topy 0sCy — — 20 ns 2
clock
fall time
Instruction  toye 1.78 — 20 ps 2
cycle time
INT,, high width tin INT, 2 — - teye 3
INT low width tw INT, 2 - — teye 3
INT, high width tH INT, 2 — — toye 3
INT, low width t INT; 2 — — toye 4
RESET high width tRSTH RESET 2 — — teye 4
Input capacitance Cin Allpins — —_ 15 pF f=1 MHz,
Vin=0V
RESET fall time tRsT! — —_ 20 ms 4
Refer to notes on the following page.
B 4496204 0047063 b6 WM 132 Hitachi




HMCS402 SeriessrHMCS404 SeriessHMCS408 Series

Notes: 1. The oscillator stabilization time is the period from when Vi reaches 4.0 V at power-on until -
when the oscillator stabilizes, or after RESET goes high by MCU reset to quit the stop mode. At
power-on or recovering from stop mode, apply the RESET input for more than tgg to meet the
necessary time for oscillator stabilization. When using a crystal or ceramic oscillator, consult with
the crystal and ceramic oscillator manufacture since the oscillator stabilization time depends on
the circuit constant and stray capacity.

Crystal oscillator Ceramic oscillator Resistor oscillator
Ci —— Cy —
1
f 0OSCy OSCy osc
CrystaI_L L ’__l . k
(=37 Ceramic 5 < Ry Rs
e 0OSC, 0sC, 0SC;
C, L Cs e
GND GND
Crystal: 4.194304MHz NC-18C Ceramic: CSA4.00MG Ri: 20 MQ 2%
{Nihon Denpa Kogyo) (Murata)
Re 1 MQ 2% Ri: 1 MQ 2%
Cq: 22 pF £20% Cq: 30 pF £20%
Cy: 22 pF +20% Cy: 30 pF +20%
2.
1ffcp
Ve =05V 7= yepy torL
osc
! 05V .‘ - v
- ™~
tcer tept
3.
— 0.7V {
INTo, INT; ce K e
0.22Vce ]L . }
4.
RESET vl 1. tasm ]
0.22Vce jL
| * trsTt
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T, = -20°C to +75°C, unless otherwise specified)

During Transmit Clock Output

Serial Interface Timing Characteristics (Voc=4Vte 6 V,GND =0V, Viisp = Ve —40 Vo Ve,

item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseyc SCK 1 — — tye Seenote?2 1,2
Transmit clock high width  tgexy SCK 05 — — tseye  See note 2 1,2
Transmit clock low width tseKL SCK 05 — — tseye  See note 2 1,2
Transmit clock rise time tscke SCK — — 100 ns  See note 2 1,2
Transmit clock fall time tscke 8K — - 100 ns  Sesnote?2 1,2
Serial output data delay time tpgo SO — — 300 ns See note 2 1,2
Serial input data setup time  tgg, Si 500 — — ns 1
Serial input data hold time ~ tyg Sl 150 — — ns 1
Refer to notes on the following page.
During Transmit Clock Input
Item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time  tgqy, SCK 1 - - teye 1
Transmit clock high width tsckH CK 05 — —_ tseye 1
Transmit clock low width tsckL SCK 05 — — tseye 1
Transmit clock rise time tsckr S8CK — — 100 ns 1
Transmit clock fall time tsoxi S8CK — — 100 ns 1
Serial output data delay time tpgg SO — — 300 ns See note 2 1,2
Serial input data setuptime  1gg, Sl 500 — — ns 1
Serial input data hold time  tyg Si 150 — — ns 1
Refer to notes on the following page.
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Notes: 1. Timing of serial interface

tscye

)
tscxt fa— ] tsoke
B ¥ fsckL
R Vee —2.0 V (0.7V¢g) tsckH ZL__—\*
0.8V (0.22Vee)* A

/2]

-1 =lpso
Voo - 2.
S0 X cc—2.0V X
0.8V
tssi tusi
S > §Lo.7vcc e
-0.22Vec —

Note: * Vgc~2.0 Vand 0.8 V are the threshold voltages for transmit clock output.
0.7Vgc and 0.22V¢c are the threshold voltages for transmit clock input.

2. Timing load circuit

Vee
Ry = 2.6 kQ
Test point
c R 182074@)
or equivalent
12 kQ2
30 pF
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Characteristics Curves (Reference Data)

gt A
Ta =—-20°C to +75°C Ta =-20°C to +75°C
Veg=5V fosc = 4 MHz
3 3
z z Max.
E, ra €,
(4] [&]
2 2
1 1
0 1 2 3 4 5 0 1 2 3 4 5 8
fosc (MHz) Vee (V)
Ice vs. fosc characteristics lcc vs. Vg characteristics
(crystal and ceramic oscillator option) (crystal and ceramic oscillator option)
4 4 l
T,=-20°C to +75°C a=—-20°Cto +75°C
Vec=5V fosc = 4 MHz Max.
3 ®© Max. 3 0S¢ /A
2 g /
£, // £, ]
8 e 8 ~
1 / g 1
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vee (V)
lee vs. fosc characteristics lee vs. Ve characteristics
(resistor oscillator option) (resistor oscillator option)
20 Ta = —20°C to +75°C 20 Ta=-20°C to +75°C lselm
Vee=5V f =4 MHz
162 16 o= max.
z 2 z
‘E;‘ 1.2 P + E 1.2 p.
g IsBy2 g /'savz
K 08 A A max. o 08 A max.
E - =
B ~a :
» 0.4 A R 0.4
=z
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vee (V)
Isgy vs. fosc characteristics Isgy vs. V¢c characteristics
(crystal and ceramic oscillator option) (crystal and ceramic oscillator option)
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Characteristics Curves (Reference Data) (cont) -
I
2. T y ! - T , SBY1
0 Ta=-20°C to +75°C |ss|\'1 20 T, =-20°C to +75°C max.
16 Vcc =5V maix 16 fOSC =4 MHz ISBY2
< Isgy2 < max.
E L~ max. £
= 12 /’ <12 /1
> >
B8 A 2
- 08 v - 08
A
T 04 ~ 04
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vee (V)
lsgy vs. fogc characteristics Ispy vs. Ve characteristics
(resistor oscillator option) (resistor oscillator option)
500 ————————— P e e l
2= —20°C to +75°C 50|12 2°C 10 +75°%C Max.
AT
o
400 400 //
g %00 L 30 y
E 2 / Typ.
T 200 Max. £ 200 ]l ///
Min.
100 1 Typ. 100 ,/
. - Min. /
o 2 3 4 5 [
Vee (V) 0 10 20 30 40 50
—lpy (pull-up MOS current) vs. Vee — Vdisp (V)
Voc characteristics Ipp (pull-down MOS current) vs.
15 . i (Ve — Vdisp) characteristics
Ta=-20°C to +75°C
/‘ Vec=6V
/ i
10 o Vcc =5V
< /| d //
E /
= 4 4 T T J ]
£ /,/ Voo =4V 2= —20°C to +75°C
s A . ey
- , E L Voc=5V
/ﬁ/ g 2 f/ L d Ve =4V
g //—-*
/ 3
0 1 2 3 0 1 2 3
Vou (V) Vee — Vou (V)
loL min. vs. Voo characteristics —loy min. vs. (Vee — Vo) characteristics
(standard pin) (standard pin CMOS)
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Characteristics Curves (Reference Data) (cont)

% L] I l l l Vec=6V
T, = —20°C to +75°C L/
V _ 4 5 V 6 L} T °l T T °l
4 cc =4. Ta =-20°C to +75°C Voo =6V
V.V -l
20 4 - 5 ~
— Ul s Veg=4V /
E 7
g y s
£ yd g I AVec =45V
F c s // A —Avec=av
¥ 10 7 £ v
/ 3 o'
4 T 2
'/ //
ny4 Ry/
0 1 2 3 4 5 0 1 2 3 4 5
Vee = Vou (V) Vee — Vou (V)
=lpx min. vs. (Vg¢ — Von) characteristics —lon min. vs. (Ve ~ Vou) characteristics
(D4 to Dys5 pins) (RO to R2 ports)
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HMCS402CL Electrical Characteristics

DC Characteristics (Vcc=27Vto 6 V,GND =0V, V4, = Voo - 40 V to Ve, T, = -20°C to +75°C,
unless otherwise specified)

ltem Symbol Pin Min Typ Max Unit Test Condition Notes
Input high Vi RESET,SCK 0.85Vg — Vee+03 V
voltage INTy, INT,
sl 0.85Vcc —  Vgg+03 V
0SC, Veg—-03 — Vec+03  V
Input low Vi RESET, SCK, -0.3 — 0.15Vge V
voltage INT, INT,
Si 0.3 — 0.15Vge Vv
0SsC, -0.3 — 0.3 Vv
Qutput high Vo 8CK, 50 Vee-05 — — v ~lon =0.1 mA
voltage
Outputlow Vg SCK, SO — — 0.4 \ lo,=0.4mA
voltage
Inputioutput |l | RESET, 5CK, — — 1 PA Vi =0VioVeg 1
leakage INTy, INT,,
current Sl, SO, OSC;
Current Ico Vee — — 0.6 mA  Vge=3V, 2,6
dissipation fosc =2 MHz
in active
mode
Current IsBy1 Vee — — 0.5 mA  Maximum logic 3,6
dissipation operation
in standby Veg=3V,
mode fosc =2 MHz
Isgyz Vee — — 0.4 mA  Minimum logic 4,6
operation
VCC =3 V,
fosc =2 MHz
Current ISTOP Vcc _— —_ 10 uA vin(ﬁ) = 5
dissipation Vec—0.2Vio Veg,
in stop VinRESET) =
mode OVte02V
Stop mode Vgrop Voo 2 - - \
retaining
voltage

Refer to notes on the following page.
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Notes: 1. Pull up MOS current and output buffer are excluded.
2. The MCU is in the reset state. The input/output current does not flow.

Test conditions: MCU state
* Reset state in operation mode

Pin state

+ RESET, TEST: Ve

. Do to D3, R3 to R9: VCC

. D4 to D15, RO to R2, RAo, RA1 . Vdisp

3. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
* Input/output: Reset state
+ Timer A: Divide-by-2 prescaler divide ratio
» Timer B: Divide-by-2 prescaler divide ratio
» Serial interface: Stop

Pin state

» RESET: GND

- TEST: Vg

* Dgto D3, R3to RY: Vi

. D4 to D15, RO to R2, RAo, RA1: Vdisp

4. The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions: MCU state
« Standby mode
+ Input/output: Reset state
+ Timer A: Divide-by-2048 prescaler divide ratio
« Timer B: Divide-by-2048 prescaler divide ratio
+ Serial interface: Stop

Pin state

+ RESET: GND

+ TEST: VCC

. Do to D3, R3 to RY: VCC

. D4 to D15, RO to R2, HAo, RA«,I Vdisp
5. Pull-down MOS current is excluded.

6. When fggc = x MHz, the current dissipation in operation mode and standby mode are estimated
as follows:

{For divide-by-8 (D-8) option)
Maximum value (foge = x MHZ) = —’é- x max. value (foge = 2 MHz)
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Input/Output Characteristics for Standard Pins (Vec=27Vto 6 V,GND =0V, Vaisp=VYec-40V
to Vi, Ty = -20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit  Test Condition Note
Input high Vik DotoDs,  0.85Vge — Veg+03 V
voltage R3to R5,
R9
input low VIL Do to D3, -03 _— 0.1 5VCC Vv
voltage R3to RS,
R9
Output high  Vgu DotoD;3, Vee-05 — — \' =loy=0.1 mA 1
voltage R3to R8
Outputlow Vg Dgto D3, — — 0.4 \Y loy =0.4 mA
voltage R3to R8
Inputioutput | Iy | DotoD3, — — 1 HA  Vi=0VioVge 2
leakage R3 to R9
current
PU"'Up MOS —|PU Do to D3, 3 15 40 [.LA Vcc =3 V, 3
current R3 to R9 Vip=0V
Doto Dy, 30 60 120 pA Vee=5V, 3
R3to RO Vin=0V

Notes: 1. Applied to I/O pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to i/O pins selected as with puli-up MOS by mask option.
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- Input/Output Characteristics for High Voltage Pins (Voc =27 Vt0 6 V,GND =0V, Vaisp = Yo -
40 V to Vi, T, = -20°C to +75°C, unless otherwise specified)

tem Symbol Pin Min Typ Max Unit Test Condition Note
Input high Vi DstoDqs5. 085Vpe — Veg+03 V
voitage R1, R2,

RAg, RA,
|nput low V||_ D4 to D15, VCC -40 —_ 0.15Vcc \'
voltage R1, R2,

RAq, RA,
OUtpUt high VOH D4 to D15 Vcc -3.0 —_— —_ A" _IOH =15 mA,
voltage Ve =5V +10%

Vcc -1.0 —_ — \"2 -|OH =2.5mA
RO to R2 Vcc -30 — — v —IOH =3 mA,
Ve =5V +10%
Vcc -1.0 —_— _— ' _IOH =0.5mA

Output low VOL D4 to D15, _ —_ Vcc -37 VvV Vdisp = Vcc —-40V 1
voltage RO to R2

D4 to D15, —_ —_ VCC -37 VvV 150 kQ at 2

RO to R2 Vcc -40V
Input/output |1y | DstoDy5, — — 20 PA  Vj=Vgg-40V 3
leakage RO to R2 to Voo
current RA,, RA,
Pull-down lPD D4 to D15, 125 250 500 pA VdiSD = VCC -35V, 1
MOS current RO to R2, Vin=Vee

RAg. RA,

Notes: 1. Applied to I/0 pins selected as with pull-down MOS by mask option.
2. Applied to I/O pins selected as without pull-down MOS (PMOS open drain) by mask option.
3. Pull-down MOS current and output buffer current are excluded.
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AC Characteristics (Voc=27Vto6 V,GND =0V, Viisp = Vec =40 V to Ve, Ty = -20°C to +75°C

k4
unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Oscillation frequency fosc 0SsC,, 04 2 225 MHz

0sC,
Instruction cycle time toye 355 4 20 us
Oscillator stabilization  trg 0sC,, — - 60 ms 1
time 0SsC,
External clock high topH 08C, 205 — —_ ns 2
width
External clock low topL 0SC;4 205 — - ns 2
width
External clock rise teer 0SC;4 — — 20 ns 2
time
External clock fall tops 0SC, — —_ 20 ns 2
time
INT, high width tin INT, 2 _ — teye 3
NT, low width tw INT, 2 — — toye 3
INT, high width tin INT, 2 - — teye 3
INT; low wiclth n INT, 2 — — teye 3
RESET high width tRSTH RESET 2 — — toye 4
Input capacitance Cin Allpins -~ - 15 pF f=1 MHz,

Vip=0V

RESET fall time trsTt — — 15 ms 4

Notes: 1. The oscillator stabilization time is the period from when V¢ reaches 2.7 V at power-on until the
oscillator stabilizes, or after RESET goes high by MCU reset to quit the stop mode. At power-on
or recovering from stop mode, apply the RESET input for more than tre to meet the necessary
time for oscillator stabilization. The circuits used to measure the value are shown below. When
using a crystal or ceramic oscillator, consult with the crystal and ceramic oscillator manufacture
since the oscillator stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic oscillator
Cy ———— Cy
0SCy i 0SCy
Crystal ; L
= Ry Ceramic & =R
0OSC, | 1_ 0SC,
cc Ra L—0u C2 —_—
GND GND
Crystal: 2.097152MHz DS-MGQ308 Ceramic: CSA2.000MK
(Seiko Denshi) (Murata)
Ri: 2MQ 2%, Rg: 2.2 MQ +2% R 1 MQ +2%
01: 10 pF +20% C1: 30 pF +20%
Cz: 10 pF +20% Cp: 30 pF £20%
B 4495204 OOu7?074 471 WA 143 Hitachi
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| ?

1/fcp
Vec-03V A~ ooy tepL Z
0SC; o 33[ J - y

tcpr tcpe

3.
AT S T S Y
0.15Vce j— Jt F
4,
0.85VCC7 tRSTH Jr
RESET o.15vccjt AC
—* [*trsTt
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Serial Interface Timing Characteristics (Ve =27 Vto 6 V,GND =0V, Vaisp=VYec-40 Vo Ve,
T, = -20°C to +75°C, unless otherwise specified)

During Transmit Clock Qutput

ftem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time  tgee 8CK 1 - - toye  See note 2 1,2
Transmit clock high width tsokH SCK 05 — - tscye See note 2 1,2
Transmit clock low width tsoxt SCK 05 — - tseye Seenote 2 1,2
Transmit clock rise time tscxr SCK — — 300 ns Seenote?2 1,2
Transmit clock fall time tscks SCK — — 300 ns See note 2 1,2
Serial output data delay time tpgo SO — — 600 ns See note 2 1,2
Serial input data setup time  1gg, S! 1000 — - ns 1
Serial input data hold time ~ tjg SI 500 — - ns 1
Refer to notes on the following page.
During Transmit Clock Input
item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseyc SCK 1 —_ = toye 1
Transmit clock high width tsckn SCK 05 — — tseye 1
Transmit clock low width tscKL 8CK 05 — — tseye 1
Transmit clock rise time tsckr SCK — - 300 ns 1
Transmit clock fall time tsot SCK — -~ 300 ns 1
Serial output data delay time tpgg SO — — 600 ns See note 2 1,2
Serial input data setup time  tgg, 8! 1000 — — ns 1
Serial input data hold time  thg) Si 500 — — ns 1
Refer to notes on the following page.

R 449,204 0047076 244 M 145 Hitachi

I




HMCS402 Seriess HMCS404 SeriessrHMCS408 Series

- Notes: 1. Timing of serial interface

tsoki
SR Vge - 0.5 V (0.85Vee)*
0.4V (0.15Vee)*

tscyc
lat—  — 4—@0”
tsokL - )
tscku
e N N\
—] l=-tpso
e X X
04V
{ss thst
Ty

si -0.85Vee
: : §r0-1 5Vee

Note: * Vgc~0.5V and 0.4 V are the threshold voltages for transmit clock output.
0.85V¢¢ and 0.15V¢ are the threshold voltages for transmit clock input.

2. Timing load circuit

—_

Vee
RL = 26 kQ
Test point O-T
c 2R 152074@®
or equivalent
12kQ
30 pF
M 449L204 004?077 L840 HA 146 Hitachi
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Characteristics Curves (Reference Data)

Ta = —20°C to +75°C Max., Ta=—20°Cto +75°C e
fosc = 2 MHz fosc = 2 MHz max
1.0 10 o
< SBY2
—_ £ 1// max.
<
E 5 7’
Q P! £ /
© 05 - 05 . /
Z P
o
0 1 2 3 4 5 [3 0 1 2 3 4 5 6
Vee (V) Vee (V)
Isay V8. fogc characteristics lsgy vs. fosc characteristics
(crystal and ceramic oscillator) (crystal and ceramic oscillator)
500 T T T T
Ta =—-20°C 10 +75°C
T T T T T
Ta = —20°C to +75°C |
400 50027 20 10750 Max,
AT
//
= 300 400
3 /
4
T 200 Max. g 300
- £l Typ.
100 £ 200 [ A
7 [—= Min. i
RERE====5 ol /A
oY 2 3 4 5 8 ”
Vee (V)
—lpy (pull-up MOS current) vs.
Ve characteristics 0 1 20 30 40 50
15 . . . VCC - Vdisp (V)
Ta =-20°C to +75°C Ipp (pull-down MOS current) vs.
Voo =6V (Voc — Vdisp) characteristics
//
10 > VCC =5V
2 A
E., / 4 T T T
£ pd Voo =4V Ta = —20°C 1o +75°C
E Vo _~Vec=6V
3 /- g’ T vee-sv
° ) c 2 e
r g ” Veg=4V
// E /_,__——-——-—' cc
Vcc =27V 8 1
P /, T
Vol Voo =27V
0 1 2 3 0 1 2 3
Vo (V) Vee = Von (V)
low min. vs. Vg characteristics —lon min. vs. (Ve — Vou) characteristics
(standard pin) (standard pin CMOS)
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Characteristics Curves (Reference Data) (cont)

307 "_T50°C to 475°C
AVcc=6V
)4 cc ] '
v Ta = —20°C to +75°C
L Vec=6V
X CAVee =5V 5 )
E 7T L AVec=5V
~ / . 2 4 ,1
£ AN | Voo =4V E / |/
/ £ 3 =
3 o 7 e F Voo =4V
gd Ve =27V 3,
/, 7 I V'
1/ — . 7/ /__..-—-—-Vcc=2.7v
e ]
0 1 2 3 4 5 0 1 2 3 4 5
Vee — Vou (V) Vee — Vou (V)
~loy min. vs. (Vgc — Von) characteristics ~lon min. vs. (Vgc — Von) characteristics
(D4 to D45 pins) (RO to R2 ports)
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HMCS402AC Electrical Characteristics

DC Characteristics (Vcc =4.5Vt0 6 V,GND =0V, Vi, = Ve —40 V to Ve, T, = -20°C to +75°C,
unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Notes
Input high Vi RESET, SCK  0.7Vge — Veg+03 V
voltage INTy, INT,
Si 0.7Vee —_— Ve +03  V
OSC1 VCC -05 — VCC +0.3 \
Input low VIL R_ESET,_SCK, -0.3 —_ 0.22Vcc \
voltage INT,, INT,
Sl -0.3 — 0.22Vge V
0S8C, -0.3 - 0.5 \Y
Output high Vgy SCK, SO Veg—-1.0 — — v —loy=1.0mA
voltage Vec-03 — — V. —loy=0.01mA
Output low Vg SCK, SO — — 0.4 v loL =1.6 mA
voltage
Input/output iy | RESET, SCK, — — 1 BA  Vi3=0VioVee 1
leakage INT,, INT,,
current Sl, SO, 0SC,
Current |cc Vcc -— -— 3.0 mA VCC =5V, 2,6
dissipation fosc = 6 MHz
in active
mode
Current Isey1 Vee —_ — 1.8 mA  Maximum logic 3,6
dissipation operation
in standby Vec =5V,
mode fosc =6 MHz
Ispyz Voo —_— — 1.35 mA  Minimum logic 4,6
operation
Vec=5V,
fosc =6 MHz2
Current Istop Vee —_ — 10 HA  ViyTEST) = 5
dissipation Vee - 0.3 Vio Vee,
in stop Vin(RESET) =
mode 0Vto 03V
Stop mode VSTOP VCC 2 —_— —_ Vv
retaining
voltage

Refer to notes on the following page.
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- Notes: 1. Pull up MOS current and output buffer current are excluded.
2. The MCU is in the reset state. The input/output current does not flow.

Test conditions: MCU state
+ Reset state in operation mode

Pin state

. RESET, TEST: VCC

+ Dgto D3, R3to R9: Voo

. D4 to D15, RO to R2, RAo, RA«‘: Vdisp

3. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
* Input/output: Reset state
+ Timer A: Divide-by-2 prescaler divide ratio
+ Timer B: Divide-by-2 prescaler divide ratio
+ Serial interface: Stop

Pin state

* RESET: GND

* TEST: VCC

* Dpto D3, R3to R9: Vg

. D4 to D15, RO to R2, RAo, RA1: Vdisp

4. The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
* Input/output: Reset state
» Timer A: Divide-by-2048 prescaler divide ratio
» Timer B: Divide-by-2048 prescaler divide ratio
+ Serial interface: Stop

Pin state

+ RESET: GND

*« TEST: VCC

* Dpto D, R3t0 R9: Ve

. D4 to D15, RO to R2, RAo, RA1: Vdisp

6. Pull-down MOS current is excluded.
6. When fogc = x MHz, the current dissipation in operation mode and standby mode are estimated

as follows:

Maximum value (fogc = x MHz) = -ié- x max. value (fogc = 6 MHz)
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Input/Output Characteristics for Standard Pins (Vo =4.5Vto 6 V,GND =0 V, Viisp=Vec-40V
to Ve, Ty = =20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition  Note
Input hlgh VIH Do to D3, 0'7VCC -— VCC +0.3 Vv
voltage R3 to RS,
R9
lnput low V"_ Do to Da, -0.3 — 022VCC \
voltage R3 to RS,
R9
Output hlgh VOH DO to D3, VCC -10 ~ —_— \ —loH =1.0mA 1
voltage R3to R8
Do to D3, VCC -03 — —_— A" —IOH =0.01 mA 1
R3to R8
Outputlow Vg DotoDy, — — 0.4 \ loL=1.6mA
voltage R3to R8
Input/output | 'IL | Do to DS' — —_ 1 lJ.A Vin =0Vto VCC 2
leakage R3 to R9
current
Pull-up MOS  —ipy DotoDs, 30 60 120 BA V=5V, 3
current R3 to R9 Vih=0V

Notes: 1. Applied to VO pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to /O pins selected as with pull-up MOS by mask option.
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40 V to Y, T, = ~20°C to +75°C, unless otherwise specified)

Input/Output Characteristics for High Voltage Pins (Vcc=45V106 V,GND =0V, Viisp = Yo -

ltem Symbol Pin Min Typ Max Unit Test Condition Note
Input high VIH D4 to D1 5 0.7 VCC —_ VCC +03 V
voltage R1, R2,

RA,, RA,
Input low Vi D4toDys, Voo—-40 — 022V V
voltage R1, R2,

RA,, RA,
Output high  Vgou DstoDys  Vgc-30 — — v ~lon = 15 MA,
voltage Ve =5V 110%

VCC -2.0 — — \' _IOH =9 mA
RO to R2 VCC -3.0 — —_ \' -IOH =3mA,
Vee=5V+10%
VCC -20 — —_ \' —lOH =1.8mA

OUtpUt low VOL D4 to D15, —_ _ VCC -37 vV Vdisp = VCC -40V 1
voltage RO to R2

DstoDy5, — — Vee—-37 V 150 kQ at 2

R0 to R2 VCC -40V
Input/output |l DstoDy5, — — 20 MA  Vip=Vec-40V 3
leakage RO to R2 to Voo
current RAg, RA,
Pull-down lpp D,toDys 125 250 500 MWA  Vyep=Vec—35V, 1
MOS current RO to R2, Vin=Vee

RAg, RA,

Notes: 1. Applied to I/O pins selected as with pull-down MOS by mask option.
2. Applied to I/0 pins selected as without pull-down MOS (PMOS open drain) by mask option.

3. Pull-down MOS current and output buffer current are excluded.
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AC Characteristics (Ve =4.5Vto 6 V,GND=0 V, Viisp = Yee =40 V to Vi, T, = =20°C to +75°C, -
unless otherwise specified)

Hem Symbol Pin Min Typ Max Unit Test Condition Note
Oscillation frequency fosc 0sC,;, 04 6 6.2 MHz

0sC,
Instruction cycle time teye 1.29 1.33 20 us
Oscillator stabilization  tge 0sC,, — — 20 ms 1
time 0SsC,
External clock topn 0sC, 70 — — ns 2
high width
External clock topL 08C, 70 - — ns 2
low width
External clock tcpe 0sC, - — 20 ns 2
rise time
External clock tops 0SC, —_ - 20 ns 2
fall time
INT, high wicth tiy INT, 2 — — teye 3
INT, low width ti m 2 —_— — tcyc 3
INT, high width i INT, 2 — - toye 3
INT; low width tiL INT, 2 —_ — toye 3
RESET high width tRSTH RESET 2 — - teye 4
Input capacitance Cin Allpins — — 15 pF f=1MHz,

Vin=0V

RESET fall time tRsTY — — 20 ms 4

Notes: 1. The oscillator stabilization time is the period from when V¢ reaches 4.5 V at power-on until
when the oscillator stabilizes, or after RESET goes high by MCU reset to quit the stop modse. At
power-on or recovering from stop mode, apply the RESET input for more than trc to meet the
necessary time for oscillator stabilization. The circuits used to measure the value are shown
below. When using a crystal or ceramic oscillator, consult with the crystal and ceramic oscillator
manufacture since the oscillator stabilization time depends on the circuit constant and stray

capagcity.
Crystal osciliator Ceramic oscillator
Cy ERE— Cy
t 0OSCy b 0sC,y
Crystall L ‘_1 . L
SR Ceramic 55 2 Ry
| T 0SC, t T 0SC,
C: — Cz
GND GND
Crystal: 6.0MHz NC-18C Ceramic: CSA6.00MG
(Nihon Denpa Kogyo) (Murata)
Re 1 MQ £2% Ri: 1 MQ £2%
C1: 20 pF £20% Cy: 30 pF £20%
Co: 20 pF +20% Ca: 30 pF +20%
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_ .

1fce
Vee -05V A topy L tesl Z
08y 05V
[ -
tcer tept
3.
— .7 r
INT,, INT, 0-7Vee 4 tin A( tw J
0.22Vcc]L J[ ]'-
4,
- 0Veo £ toem %
SET 0.22Vccjt j[
—=| [+ trsTt
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Serial Interface Timing Characteristics (Vo =4.5Vto 6 V,GND =0V, Vaisp = Vec-40 Vto Vi,
T, = =20°C to +75°C, unless otherwise specified)

During Transmit Clock Output

item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time  tgoc SCK 1 - - lye  Seenote 2 1,2
Transmit clock high width tsckH SCK 05 — - tseye  See note 2 1,2
Transmit clock low width tsckL SCK 05 — — tscye  See note 2 1,2
Transmit clock rise time tsckr SCK — — 100 ns See note 2 1,2
Transmit clock fall time tsoke SCK — — 100 ns See note 2 1,2
Serial output data delay time tpgo SO — — 250 ns See note 2 1,2
Serial input data setup time  tgg, Si 300 — — ns 1
Serial input data hold time  tyg Si 150 — — ns 1
Refer to notes on the following page.
During Transmit Clock Input
tem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseyc SCK 1 - - teye 1
Transmit clock high width tsokm 8CK 05 — — tSeye 1
Transmit clock low width tscrL SCK 05 — — tseyc 1
Transmit clock rise time tscke €K — — 100 ns 1
Transmit clock fall time tsoks SCK — - 100 ns 1
Serial output data delay time tggo 8O — — 250 ns See note 2 1,2
Serial input data setup time g, Sl 300 — — ns 1
Serial input data hold time  tng Sl 150 — — ns 1
Refer to notes on the following page.
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- Notes: 1. Timing of serial interface

tscke
__ Vgo—-2.0V(0.7Vee)*
scr Voo (0.7Vce) L—\—
0.8 V (0.22Vco)*
- |=-tpso

Vee-20V

0 Howv o X X
0.8V

tssi thsi

0.7V, 3
sl cCc
< > gro.zzvcc j <

Note: * Vgc—2.0Vand 0.8V are the threshold voltages for transmit clock output.
0.7Vec and 0.22V¢¢ are the threshold voltages for transmit clock input.

2. Timing load circuit

Vee
RL =2.6 kQ
Test point
c R 182074@
or equivalent
12kQ
30 pF
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Characteristics Curves (Reference Data)

24, 2720°C1o +75°C lsgy
f, = H. max.
2.0posc = 6 Mbz 7 i
l i | / Isgvz
Max. max.
Vi
4[Ta=—20C o +75°C =16 /
fosc = 6 MHz E /
2 3 4 '~ 1.2 r g
E / 3
8 2 - 08
3
1 -~ 04
0 1 2 3 4 5 6 0 1 2 3 4 5 ]
Vee (V) Vee (V)
lgc vs. Vg characteristics Isgy vs. Vg characteristics
(crystal and ceramic oscillator) (crystal and ceramic oscillator)
500 |=_| oL T T l
Tal= _:IBOOCI " l+75|°c 500 Ta=-20°Cto +75°C Max.
1
W
400
400 //
= 300
3 g 300 /
2 - Typ
2 =
[ 200 Max, _8 200 II 4/
Min
100 L Typ. 100 I > !
/:—’/ Min. W/
0 -5 2 3 4 5 6
Vee (V) 0 10 20 30 40 50
~lpy (pull-up MOS current) vs. Vee — Vaisp (V)
Ve characteristics Ipp (pull-down MOS current) vs.
15 . . . (Vee — Vdisp) characteristics
Ta = -20°C to +75°C
- Vcc =6V
10 1/ AVec=5V
< ARy
g / P Vec=45V , : :
g /. Ta = —20°C to +75°C Voo =6V
% J S A7 < 3 ] Yo =
5 V.07 E /// Vee =5V
/4 £ 2 . Voo =45V
: / =
I
_|0 1
0 1 2 3 0 1 2 3
VoL (V) Vee — Vou (V)
loL min. vs. Vg characteristics —lon min. vs. (Voc — Vou) characteristics
(standard pin) {standard pin CMOS)
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- Characteristics Curves (Reference Data) (cont)

30
HEEEE AVec =6V
Ta =—20°C to +75°C p4
/ [ — T T T T T
/ /'/ Vec =45V a=—20°C to +75°C LAVec =6V
20 5
g 17/ /
= < 4 _
= 7 /I 'é > Vec=45V
5 /, E
= 10
' / 3, //
// ' v
4 / /
1 A
| 4
0 1 2 3 4 5 0 1 2 3 4 5
Vee — Von (V) Vee — Vo (V)
—~low min. vs. (Vg — Von) characteristics —lon min. vs. (Ve — Von) characteristics
(D4 to D45 pins) (RO to R2 ports)
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HMCS402C/CL/AC
Option List

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

5-V operation: COHMCS402C (HD614023)
(O HMCS402CL (HD614026)

High speed operation: [1HMCS402AC (HD614029)

3-V operation:

Date of order

Customer

Department

Name

ROM code name

LS| type number
(Hitachi's entry)

1. 1O option
Note: /0 options masked by [ are not available.
1/Q option 11O option
Pin lle} Pin 110
AlBlc|ole c|o
Do - 110 R30 10
D1 Ee| WO R31 110
D2 g8l 1o R32 8]
D3 0 [Ie) R33 1/0
D4 10 R40 10
D5 Ie) R41 o)
D6 110 R42 10
D7 21w R43 110
D8 e | O R50 )
D9 g [ o R51 o)
D10 ERIE R52 110
D11 5 [ O RS3 | o Te)
D12 T 10 Re¢ | & [ O
D13 10 rRet | B | O
D14 10 R62 g 0
D15 110 R63 | & 0
R70 o)
R71 0
ROO R ~R72 0
Ro RO R73 [s)
RO2 R80 0
RO3 R81 0
Rio_| £ | T8 TRez o
a1 AN 2 R83 0
R12 % R90 I
R13 g R91 I
R20 :g:= R Ro2 [
o |_R21 R93 I
R22 RAO | o | I
R23 RA | RA1 gg-g I Use checklist
s RA1/Vdisp
A: Without pull-up MOS (NMOS open drain)
B: With pull-up MOS
C: CMOS (not to be used as input)
D: Without pull-down MOS (PMOS open drain)
E: With pull-down MOS
4496204 0047090 b4 WE ‘
159 Hitachi
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- 2. RA1/vdisp

3. Divider (DIV)

0J RA1: Without putl-down MOS (D)

W Divide-by-8

0 Vdisp

Note: If even one high-voltage pin is

selacted with

I/0 option E, pin RA1/Vdisp must be

selected to function as Vdisp.

4. ROM code media

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

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

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

5. System oscillator (OSC1 and OSC2)

[0 HMCS402C 0 HMCS402CL [0 HMCS402AC
(5-V operation) (3-V operation) (high speed operation)
(3 Resistor (R; = 20 kQ +2%)
J Ceramic oscillator [ Ceramic oscillator ] Ceramic oscillator
{J Crystal oscillator [ Crystal oscillator {0 Crystal oscillator
[J External clock [0 External clock 1 External clock
6. Stop mode 7. Package
O Used [0 DP-64S
OJ Not used O FP-64
||

B 449204 0047091 550
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HMCS404C Electrical Characteristics

DC Characteristics (Vcc =4 V1o 6 V,GND =0V, Viisp = Yec—40 Vo Ve, T, = -20°C to +75°C,

unless otherwise specified)

Item Symbo! Pin Min Typ Max Unit Test Condition Notes
Input high Vi RESET, SCK  0.7V¢¢ — Vee+03 VvV
voltage [ To, | T1
Si 0.7Vee — Vee+03 VvV
OSC1 Vcc - 05 - VCC + 03 V
Input low V|L H_ESET,_SCK, —0.3 — 022VCC v
voltage INT,, INT,
SI 0.3 — 0.22Vee V
0SC, -0.3 — 0.5 v
Qutput high VoH SCK, SO Vee-10 — - \ —lon =1.0mA
voltage Vec-03 — — V. —loy=001mA
Qutputlow Vg SCK, SO — - 04 \ loL =1.6 mA
voltage
Input/output |l RESET, SCK, — — 1 pA Vin=0Vto Vg 1
leakage INT,, INT,,
current 81, SO, 0SC,
Current lec Vee —_ — 2.0 mA Vee=5V Crystal or 2,6
dissipation ceramic
in active oscillator
mode fOSC =4 MHz
- — 24 mA Resistor 2,6
oscillator
fOSC =4 MHz
Current lsgy1 Vee — — 1.2 mA  Maximum Crystal or 3,6
dissipation logic ceramic
in standby operation oscillator
mode Vcc =5V 'osc =4 MHz
— — 1.6 mA Resistor 3,6
oscillator
fosc =4 MHz
lspys Vee — — 09 mA  Minimum Crystal or 4,6
logic ceramic
operation oscillator
Voc=5V fosc=4MHZ
— — 13 mA Resistor 4,6
oscillator
fOSC =4 MHz
Current ISTOF' Vcc — —_ 10 LI.A Vin(@) = VCC -03Vto Vcc, 5
dissipation in Vin(HESET) =0Vto03V
stop mode
Stop mode VSTOP VCC 2 — -_— v
retaining
voltage
Refer to notes on the following page.
[ 2 497
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Notes: 1. Pull up MOS current and output buffer current are excluded.
2. The MCU is in the reset state. The input/output current does not flow.

Test conditions: MCU state
* Reset state in operation mode

Pin state

. RESET, TEST: Voo

. DO to Da, R3 to R9: VCC

. D4 to D15. RO to R2, RAo, RA1I Vdisp

3. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
+ Input/output: Reset state
+ Timer A: Divide-by-2 prescaler divide ratio
+ Timer B: Divide-by-2 prescaler divide ratio
+ Serial interface: Stop

Pin state

« RESET: GND

« TEST: Voo

. Do to D3, R3 to R9: Vcc

. D4 to D15, RO to R2, RAo, RA1Z Vdisp

4. The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
+ Input/output: Reset state
« Timer A: Divide-by-2048 prescaler divide ratio
« Timer B: Divide-by-2048 prescaler divide ratio
« Serial interface: Stop

Pin state

+ RESET:GND

« TEST: VCC

+ Dgyto Dy, R3t0 R9: Vee

. D4 to D15, RO to R2, RAo, RA1I Vdisp

5. Pull-down MOS current is excluded.

6. When foge = x MHz, the current dissipation in operation mode and standby mode are estimated
as follows:

Maximum value (fosc = x MHz) = —%— x max. value (fogc = 4 MHz)

-
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Input/Output Characteristics for Standard Pins (Vec=4V 106 V,GND=0V, Vaisp= Yo =40V to
Vees Ty =-20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition  Note
Input high VIH Dy to Dy, 0.7Vee — Vee+03  V
voltage R3to R5,
Re
lnput low V"_ Do to Da, -0.3 - 022VCC \
voltage R3to R5,
R9
Output high Vo Dy to Dg, Vee—-10 — — Vv —loy=1.0mA 1
voltage R3to R8
Do to DS. VCC -03 — —_ Y _IOH =0.01 mA 1
R3to R8
Output low Voo Doto D, — — 0.4 v lop =1.6 mA
voltage R3 to R8
Input/output | I | DotoDs, — — 1 MA  V=0VitoVge 2
ioakage R3 to R9
current
Pull-up MOS  -lp Dg to Dg, 30 60 120 pA Vee=5V, 3
current R3 to R9 Vihn=0V

Notes: 1. Applied to I/O pins selected as CMOS output by mask option,
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/O pins selected as with pull-up MOS by mask option.

B 4495204 0047094 26T IR o
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- Input/Output Characteristics for High Voltage Pins (Voc=4Vt0 6 V,GND =0V,
Vaisp = Vec —40 V to Vi, Ty = -20°C to +75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high  V DstoDy5, 07Vge —  Vgg+03 V
voltage R1, R2,

RAg, RA,
Input low V"_ D4 to D15, VCC -40 —_ 022\’00 \%
voltage R1, R2,

RA,, RA,
Output hlgh VOH D4 to D15 VCC -3.0 —_— -_— \' _IOH =15 mA,
voltage Voo =5V +10%

VCC -2.0 —_ — \' _IOH =9 mA
ROtoR2  Vg-30 —  — V. =loy=3mA,
Voo =5V 110%
Veg=-20 — — Vv -loy=1.8mA

Output low VOL D4 to D15, —_— — VCC -37 Vv Vdisp = VCC -40V 1
voltage RO to R2

D4 to D1 5 —_ -_ VCC -37 \' 150 kQ at 2

RO to R2 VCC -40V
Input/output iy | D4to D5, — — 20 HA Vi, =Vec—-40V 3
leakage RO to R2 to Voo
current RAg, RA,
Pull-down (15 DstoDy5 125 250 500 HA  Vyigp=Vec—35V, 1
MOS current RO to R2, Vin=Vee

RA,, RA,

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

2095 1T T
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AC Characteristics (Voc =4 Vto 6 V,GND=0 V, Vaisp = Yec —-40 Vo Vi, T, = -20°C to +75°C, -
unless otherwise specified)
Item Symbol Pin Min Typ Max Unit TestCondition Note
Crystal or  Oscillation  fggc 0sC,, 04 4 4.5 MHz
ceramic  frequency 0SC,
oscillator 1 struction toye 178 2 20 us
cycle time
Oscillator  tge osC;,, — — 20 ms 1
stabilization 0sC,
time
Resistor  Oscillation  fogc 0sc,, 18 3.0 42 MHz R;=20kQ+2%
oscillator  frequency 0sC,
Instruction  tgye 1.9 266 444 us R; = 20 kQ +2%
cycle time
Oscillator  tge 0sCy, -— - 0.5 ms Ri=20kQ 2% 1
stabilization 0sC,
time
External  External fcp 0sC, 04 — 4.5 MHz 2
clock clock
frequency
External tCPH 08C, 100 — — ns 2
clock
high width
External tepL osC,; 100 — — ns 2
clock
low width
External icey osc, — - 20 ns 2
clock
rise time
External tept osCc, -— — 20 ns 2
clock
fall time
Instruction  teye 1.78 — 20 us 2
cycle time
INT, high width tiH INT, 2 — — teye 3
INT, low width tw INT, 2 — - teye 3
INT; high width tin INT, 2 — — toye 3
INT, low width t INT, 2 — — teye 4
RESET high width tRSTH RESET 2 — - teye 4
Input capacitance Cin All pins — — 15 pF f=1 MHz,
Vin = 0 V
RESET fall time tRsT —_ — 20 ms 4

Refer to notes on the following page.
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Notes: 1. The oscillator stabilization time is the period from when V¢ reaches 4.0 V at power-on until
when the oscillator stabilizes, or after RESET goes high by MCU reset to quit the stop mode. At
power-on or recovering from stop mode, apply the RESET input for more than tgc to meet the
necessary time for oscillator stabilization. When using a crystal or ceramic oscillator, consult with
the crystal and ceramic oscillator manufacture since the oscillator stabilization time depends on
the circuit constant and stray capacity.

Crystal osciilator Ceramic osciliator Resistor oscillator
Cy ——— Cy —
0SCy 0SC4 0OSCy
Crystal .
SR Ceramic 55 = Ry Ry
0SC, 0SC, 0SC,
C. e C. —
GND GND
Crystal: 4.194304MHz NC-18C Ceramic: CSA4.00MG Ry 20 MQ 2%
{Nihon Denpa Kogyo) (Murata)
Rf: 1 MQ £2% R': 1 MQ £2%
Cy: 22 pF +20% Cy: 30 pF £20%
Cy: 22 pF +20% Cp: 30 pF £20%
2.
1fcp
Vec-05V 1~ ooy topL
OSCy+
05V - 7
— (-
tepr tcpt
3.
— 0.7Vee 4 A
iNTg, INT, ce th N tie [
0.22Vee jL jc }-
4.
0.7vVee L 4 A
RESET ASTH g
0.22Vcc -
- 1+ trsTt
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Serial Interface Timing Characteristics (Vcc=4Vt0 6 V,GND =0V, Viisp = Ve =40 V to Vg,
T, = -20°C to +75°C, unless otherwise specified)

During Transmit Clock Output

ltem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseyc SCK 1 - — toye  Seenote 2 1,2
Transmit clock high width  tgeky 8K 05 — — tseyc  See note 2 1,2
Transmit clock low width tsekL SCK 05 — — sy See note 2 1,2
Transmit clock rise time tsckr SCK — — 100 ns See note 2 1,2
Transmit clock falf time tsckr SCK — — 100 ns See note 2 1,2
Serial output data delay time tpsg 8O — — 300 ns See note 2 1,2
Serial input data setup time  tgg, Si 500 — — ns 1
Serial input data hold time ~ tyg, Sl 150 — - ns 1
Refer to notes on the following page.
During Transmit Clock Input
item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time  tge,c SCK 1 - - toye 1
Transmit clock high width  tgeky SCK 05 — — tSeyc 1
Transmit clock low width tsckL SCK 05 — — tseye 1
Transmit clock rise time tsckr 8K — — 100 ns 1
Transmit clock fall ime tscki 8CK —~ - 100 ns 1
Serial output data delay time tpgo SO —_ — 300 ns See note 2 1,2
Serial input data setup time  gg, SI 500 — —_ ns 1
Serial input data hold time  tyg SI 150 — —_ ns 1
Refer to notes on the following page.
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- Notes: 1. Timing of serial interface

tsoye

tscks lt— — e tgekr

Vec - 2.0V (0.7Vco)* tsckt | A~ 3
SCR cc (0.7Vcee) Z tscKH \ Z
0.8V (0.22Vcee)* b |

4l

—] e tpso

~Vec-20V
so >< cc
0.8V
 tssi tsi
0.7V 3
S| R — ce
0.22Vec r

Note: * Vee —2.0 Vand 0.8 V are the threshold voltages for transmit clock output.
0.7Vgc and 0.22V¢ are the threshold voltages for transmit clock input.

2. Timing load circuit

Vee
Ri =26 kQ
Test point
c R 182074@)
or equivalent
12 kQ
30 pF
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Characteristics Curves (Reference Data)

| et
Ta=-20°C to +75°C Ty = —20°C to +75°C
3 Vec=5V 3 fosc = 4 MHz
< < Max.
£ Max £ /
= 2 -~ 2
o Q
L0 L
1 1
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vee (V)
lcc vs. fose characteristics lce vs. Ve characteristics
(crystal and ceramic oscillator option) {crystal and ceramic oscillator option)
T, =-20°C to +75°C Ta=-20°C to +75°C
Vec=5V fosc = 4 MHz Max
. 3 /l‘v‘lax. . 3 /
<
E, 2 .~ E 2 1
3 / - 8 ol
1 /’ 1
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vee (V)
Icc v8. fosc characteristics lgc vs. Ve characteristics
(resistor oscillator option) (resistor oscillator option)
20 - . 2.0 .
Ta =-20°C to +75°C Ta=~20°C to +75°C Isgy1
18 Vec=5V 16 fosc = 4 MHz max,
< Isy+ <
E ) E
12 e :“?x 312 -
SBY2] )
5 ke 3 Ve
B AT 5
04 ‘7‘ ~ 04
p
0 1 2 3 4 5 0 1 2 3 4 5 6
fosc (MHz) Vg (V)
Isgy vs. fosc characteristics Isgy vs. Voo characteristics
(crystal and ceramic oscillator option) (crystal and ceramic osciflator option)
B 4496204 004?100 393 WA 169 Hitachi
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Characteristics Curves {Reference Data) (cont)

X T T 2. . T y Isgyi
20, - B0Ctos75°C lsave T - 20C 0 +75°C max.
Vec=5V max. =
162 i _ 1.p{losc=4Mbz Isy2
< Isgvz < max.
£ // max. E P
= 12 - FRE: —
]
8 P 3
- 08 v - 0.8
B 4 3
» R
0.4 # 0.4
0 2 4 5 0 1 2 3 5 [
fosc (MHz) Vee (V)
Ispy vs. fogc characteristics lsgy vS. Vg characteristics
(resistor oscillator option) (resistor oscillator option)
500 T T T T u l_ _ T ™ T T ol I
2 =—20°C to +75°C 500 Ta = —20°C to +75°C Max.
T
400 400 /
g 300 _. 300
2 Y Typ.
T 200 Max. £ 200/ /z/
100 ATyp. 100 ,/ Min.
<6 e /|
o 2 3 4 5 6
Vee (V) 0 16 20 a0 40 50
—ipy (pull-up MOS current) vs. Vee — Vasp (V)
Vcc characteristics lpp (pull-down MOS current) vs.
15 . . . (Veg — Vdisp) characteristics
Ty = =20°C to +75°C
/‘ Vec =6V
/7 i
\Ncc=5V
10 cc
’E‘ // 4 //
= 4
£ 47 Voo =4V Ta =-20°C to +76°C
d // ] 3 / VCC = 6 V
z 7 < P
> 4‘ £ e // Vec=5V
P c 2 o
% £ | et Vec=4V
b1
/ 3
]
0 1 2 3 0 1 2 3
VoL (V) Vee — Vou (V)
loL min. vs. Vo characteristics —lon min. vs. (Vee — Vou) characteristics
(standard pin) (standard pin CMOS)
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Characteristics Curves (Reference Data) (cont)

30
HEREN /Vec =6V
Ta.= —20°C to +75°C 4
/ BT
/1 | dvec=a5v Ta=-20°C t0 +75°C Veo =6V
V.V

20 5
— 4 4 Veg=4V
g o
£ / Y, E 4 = Vec=45V
E /) = L~
5 4 : 5 / Voo =4V
R E y "o
I 10 / / L~

/ 3, //é/
o
1y,
|
0 1 2 3 4 5 0 1 2 3 4 5
Vee = Vou (V) Vee = Vou (V)
~lon min. vs. (Vec — Vou) characteristics ~lon min. vs. (Vgc — Vou) characteristics
(D4 to Dy5 pins) (RO to R2 ports)
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- HMCS404CL Electrical Characteristics

DC Characteristics (Vec =27 Vt0 6 V,GND =0V, Vg, = Ve =40 V to Ve, T, = -20°C to +75°C,
unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Notes
Input high  Viy R_ESET,_QEK 0.85Vge — Veg+03 V
voltage INTy, INT,
Sl 0.85Vge — Vee+03 V
0SC; Vee-03 — Ve +03  V
Inputlow vy RESET, SCK, -0.3 —  015Vgc V
voltage INTy, INT,
Sl -0.3 - 015Vge V
0OSC; -0.3 - 0.3 A
Output hlgh VOH SCK, SO VCC -05 — —_ \' -|OH =0.1mA
voltage
Output low Vg 8CK, SO - - 0.4 V' loL =04 mA
voltage
Input/output |l | RESET, SCK, — — 1 HA  Vip=0VtoVge 1
leakage INTy, INT,,
current Sl, 8O, OSC,
Current lec Vece - - 0.6 mA  Vge=3V, 2,6
dissipation fosc =2 MHz
in active
mode
Current Isey1 Vee - - 0.5 mA  Maximum logic 3,6
dissipation operation
in standby Vee=3V,
mode foso =2 MHz
Isaya  Vge — — 0.4 mA  Minimum logic 4,6
operation
Vec =3V,
fosc =2MHz
Current ISTOP VCC — —_ 10 LLA Vin(ﬁ) = 5
dissipation Veg—0.2Vio Ve,
in stop Vin(RESET) =
mode 0Vt 02V
Stopmode Vgrop Vee 2 — - v
retaining
voltage

Refer to notes on the following page.
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Notes: 1. Pull up MOS current and output buffer are excluded. -

2. The MCU is in the reset state. The input/output current does not fiow.

Test conditions: MCU state
+ Reset state in operation mode

Pin state

. RESET, TEST: Vg

A Do to Da, R3 to R9: VCC

. D4 to D15, RO to R2, RAo, HA1Z Vdisp

3. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
« Standby mode
* Input/output: Reset state
« Timer A: Divide-by-2 prescaler divide ratio
» Timer B: Divide-by-2 prescaler divide ratio
» Serial interface: Stop

Pin state

+ RESET: GND

« TEST: VCC

* Dgto D3, R3to R9: Vo

. D4 to D15, RO to R2, RAo, HA1: Vdisp

4. The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions: MCU state
« Standby mode
« {input/output: Reset state
+ Timer A: Divide-by-2048 prescaler divide ratio
» Timer B: Divide-by-2048 prescaler divide ratio
« Serial interface: Stop

Pin state

+ RESET: GND

 TEST: VCC

. Do to D3, R3 to R9: Vcc

. D4 to D15, RO to R2, RAo. RA1Z Vdisp

5. Pull-down MOS current is excluded.

6. When fogc = x MHz, the current dissipation in operation mode and standby mode are estimated
as follows:

(For divide-by-8 (D-8) option)

Maximum value (fogc = x MHz) = —12(— x max. value (fogc = 2 MHz)
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to Ve, T, = =20°C to +75°C, unless otherwise specified)

Input/Output Characteristics for Standard Pins (Vcc=27Vt06 V,GND=0V, Viisp = Vec—-40V

item Symbol PIn Min Typ Max Unit Test Condition Note
Input high Vi DotoD3, 0.85Vge — Ve +03 V
voltage R3to R5,
R9
Input low VIL Do to D3, 0.3 —_ 0'15VCC \'
voltage R3to RS,
R9
Output high  Vgy Do to Ds, Vee-05 — — \' =lon =0.1 mA 1
voltage R3to R8
Outputiow Vg DgtoD3, — - 0.4 \' lon=0.4mA
voltage R3to R8
Input/output “lL' Dy to Da, —_ - 1 nA Vih=0Vto VCC 2
leakage R3 to R9
current
Pull-up MOS —lpy DgtoD;, 3 15 40 pA Vec =3V, 3
current R3 to R9 Vip=0V
DgtoD;, 30 60 120 pA Vec =5V, 3
R3to R9 Vin=0V

Notes: 1. Applied to I/O pins selected as CMOS output by mask option.

2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/O pins selected as with pull-up MOS by mask option.

B 4496204 0047105 975 MM

174 Hitachi




HMCS402 SeriessHMCS404 SeriessrHMCS408 Series

Input/Output Characteristics for High Voltage Pins (Vec=27V106V,GND=0V,V

disp = Ve -
40V to V¢, Ty = -20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Input high ViH D4toDyg, 085Voe — Veg+03 VvV
voltage R1, R2,

RAq, RA,
Input low V||_ D4 to D‘5, VCC - 40 —_ 0.15VCC \
voltage R1, R2,

RAq, RA1
OUtpUt high VOH D4 to D15 VCC -30 — —_ \ _'OH =15 mA,
voltage Vee =5V +10%

Vee-10 — — \' -lon=2.5mA
RO to R2 VCC -30 — —_— A _IOH =3 mA,
Voo =5V +10%
VCC -1.0 — -_ \' —IOH =0.5mA

Output low VOL D4 to D1 & —_— _ VCC -37 \ Vd"sp = VCC -40V 1
voltage RO to R2

D4to D5, — — Vee-37 vV 150 k2 at 2

RO to R2 VCC -40V
Input/output  {lIy, | Dyto Dy, — — 20 HA Vi =V —-40V 3
leakage RO to R2 to Voo
current RAy, RA,
Puli-down IPD D4 to D15, 125 250 500 (J.A Vdisp = VCC -35 V, 1
MOS current RO to R2, Vin=Vee

RAj, RA,

Notes: 1. Applied to /O pins selected as with pull-down MOS by mask option.

2. Applied 1o /O pins selected as without pull-down MOS (PMOS open drain) by mask option.
3. Pull-down MOS current and output buffer current are excluded.

B 449L204 0047L0k A0L N 175 Hitachi

R R




HMCS402 Seriessr HMCS404 Seriess HMCS408 Series

- AC Characteristics (Voc =27Vt 6 V,GND=0V, Viisp = Ve — 40 V to Vi, Ty =-20°C to +75°C,
unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Oscillation frequency fosc 0sC,, 04 2 225 MHz

0SsC,
Instruction cycle time teye 355 4 20 us
Oscillator stabilization  tgg osCy,, — — 60 ms 1
time 0SC,
External clock high tcpH OSC; 206 — — ns 2
width
External clock low tepL OSC;4 206 — - ns 2
width
External clock rise tepr 0S8C, - —_ 20 ns 2
time
External clock fall tcps 0sC, — — 20 ns 2
time
INT, high width tiH INT 2 — — teye 3
INT, low width tw INT, 2 — — toye 3
INT, high width tin INT, 2 — — toye 3
INT, low width L INT, 2 _ — teye 3
Input capacitance Cin Allpins — - 15 pF f=1MHz,

Vih=0V

RESET falf time tRsT — — 15 ms 4

Notes: 1. The oscillator stabilization time is the period from when V¢ reaches 2.7 V at power-on until the
oscillator stabilizes, or after RESET goes high by MCU reset to quit the stop mode. At power-on
or recovering from stop mode, apply the RESET input for more than tgc to meet the necessary
time for oscillator stabilization. The circuits used to measure the value are shown below. When
using a crystal or ceramic oscillator, consult with the crystal and ceramic oscillator manufacture
since the oscillator stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic oscillator
C — c4
} 0sC, } 0SCq
Cryétaﬂ_ L L
=5 R Ceramic &5 i; Ry
F I‘W‘v 0SC; —+ 0SC,
C. S Cz
GND GND
Crystal: 2.097152MHz DS-MGQ308 Ceramic: CSA2.000MK
(Seiko Denshi) {Murata)
Ry 2MQ £2%, R4 2.2kQ +2% Ri: 1 MQ £2%
Cq: 10 pF £20% Cy: 30 pF £20%
Cy: 10 pF £20% C,: 30 pF £20%
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Notes (cont): 2.

1/cp |

Vee~03V A~ yp, & tepL 4
08C 0.3 vjZ 4

__
tepr tcpt
3.
0. a R [
INT,, INT; 0.85Vce y tin R—_ tiL |
0.15Vcch » }-
4,
08Veef trerw Y
RESET 0.15Voe o, 4
— [ tasTi
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T, = -20°C to +75°C, unless otherwise specified)

During Transmit Clock Output

Serial Interface Timing Characteristics (Vcc =27 Vto 6 V,GND =0V, V40, = Voo -40 Vo Ve,

ltem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseye SCK 1 - — tye Seenote 2 1,2
Transmit clock high width  tgckH SCK 05 — — tseye  See note 2 1,2
Transmit clock low width tsCKL SCK 05 — — tseye See note 2 1,2
Transmit clock rise time tsckr 8CK — — 300 ns See note 2 1,2
Transmit clock fall time tsckt SCK — _ 300 ns See note 2 1,2
Serial output data delay time tpgo SO — — 600 ns See note 2 1,2
Serial input data setup time  tgg Sl 1000 — — ns 1
Serial input data hold time  tyg Si 500 — - ns 1
Refer to notes on the following page.
During Transmit Clock Input
item Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tseye 8CK 1 - = teye 1
Transmit clock high width ~ tgexy SCK 05 —  — tSeyc 1
Transmit clock low width tsokt SCK 05 — — tseye 1
Transmit clock rise time tsckr 8K — — 300 ns 1
Transmit clock fall time tscks SCK — — 300 ns 1
Serial output data delay time tpgo SO — - 600 ns See note 2 1,2
Serial input data setup time  tgg Si 1000 — _ ns 1
Serial input data hold time ~ tyg Sl 500 — — ns 1
Refer to notes on the following page.
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Notes: 1. Timing of serial interface -

tseye
tsckt
— Vee—-0.5V(0.85Vce)*
o { cc) }K
0.4V (0.15V¢c)*

— - tyso

Vec~-05V
0 Xos X
0.4V
tss| st
s -0.85Vcc
> §r0.15vcc 4

Note: * Vgc—0.5V and 0.4 V are the threshold voltages for transmit clock output.
0.85V¢c and 0.15V¢, are the threshold voltages for transmit clock input.

i

:

2. Timing load circuit

Vee
RL=26kQ
Test point
c R 1820740
or equivalent
12 kQ
30 pF

B 4496204 004?110 232 W 179 Hitachi

T




HMCS402 SeriesTHMCS404 SeriessrHMCS408 Series

. Characteristics Curves (Reference Data)

Ta=-20°C to +75°C Max, Ta=-20°C to +75°C et
fosc = 2 MHz fosc = 2 MHz max.
1.0 10 e
< SBY2
_ E ks
<
g 7
Q V 2 /
-y -
o
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Vee (V) Vee (V)
lsgy vs. fogc characteristics Isgy vs. fosc characteristics
(crystal and ceramic oscillator) (crystal and ceramic oscillator)
500 T T T T T
Ta = =20°C to +75°C
T 3G 75 3
400 500 Ta =—20°C to +75 —(i-_ Max.
AT
//
2 300 400
Y /
g 200 300 /
1 Max. < T
o % [l A il
100 T 2 200
e /
= — Min.
Lt e e S 100 [A Min.
07 2 3 4 5 6 /’
Vee (V)
~lpy (pull-up MOS current) vs.
Vec characteristics 0 10 20 30 40 50
15 . ] Vee = Vdisp (V)
Ta =—20°C to +75°C lpp (pull-down MOS current) vs.
Vee — Vaisp) characteristics
AVec =6V (Vee — Vaisp
f/
/|
/ Voo =5V
10 e Vee =
E A 4~
= 4/ 4 T T
g A Voo 24V Ta=-20°C to +75°C
£ cC = =
E6| //// P - 3 ’/Vcc—sv
g, )/ " t L {Veo=5V
Z/ £ 2 ,//_____Vcc=4v
P Vee =27V E: //
— £ 1
Vec =27V
0 1 2 3 0 1 2 3
VoL (V) Vee - Vor (V)
loL min. vs. Vo charagteristics —lgr min. vs. (Vec — Vou) characteristics
(standard pin} (standard pin CMOS)
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Characteristics Curves (Reference Data) (cont)

307, = 20°C 10 +75°C
AVee =6V
y 4 cc
/
< 2 L—Vec =5V
£ /
E /l// —=Vec =4V
g
_5 '/
) A
10
Af// Voo =27V
/] ol
// P
r.d
0 1 2 3 4 5
Vee = Vou (V)
—lon min. vs. (Ve — Vou) characteristics
(D4 to Dys pins)

67, = —20°C lo +75°C
5 Vec=6V
e
/l Vec=5V
f(\ 4 A ,I
E Ay
E 3 Leet—Vec =4 V
L
P 2
; S e Vcc =27V
A
0 1 2 3 4 5

Vee — Vou (V)

~lon min. vs. (Vcc ~ Von) characteristics
(RO to R2 ports)
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- HMCS404AC Electrical Characteristics

DC Characteristics (Vcc =4.5V1t0 6 V,GND =0V, Vg, = Voo~ 40 V to Vg, T, = -20°C to +75°C,

unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Notes
Input high  Viy RESET, SCK 0.7Vec — Veg+0.3 V
voltage INTg, INT,
Si 0.7Vge — Vge+03 V
0SC4 Ve —-05 — Veg+03  V
Input low Vi RESET, SCK, -0.3 -— 022Vge V
voltage INTy, INT,
St -0.3 —_— 022Vge V
0S8C, -0.3 - 0.5 \
Output high Voy SCK, SO Veg=-1.0 — —_ v —loy=1.0mA
voltage Vee-03 — — V. —loy=0.01mA
Outputlow Vg SCK, SO — - 04 Vv lop =1.6 mA
voltage
input/output |l | RESET, 8CK, — - 1 HA Vi =0VioVge 1
leakage INT, INT,,
current 8l, SO, 0SC,
Current lcc Vee —_ — 3.0 mA Vee=5V, 2,6
dissipation fosc =6 MHz
in active
mode
Current IsBy: Voo — — 1.8 mA  Maximum logic 3,6
dissipation operation
in standby Vee=5V,
mode fosc = 6 MHz
Isgy2 Vee —_ — 1.35 mA  Minimum logic 4,6
operation
VCC =5 V,
fOSC =6 MHz
Current ISTOP VCC —_ —_ 10 ]J.A Vin(ﬁé‘f) = 5
dissipation Voo —0.3 Vio Vg,
in stop Vin(RESET) =
mode 0Vto03V
StOp made VSTOP VCC 2 -_— -_ A
retaining
voltage

Refer to notes on the following page.
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Notes: 1.
2.

4.

5.
6.

Pull up MOS current and output buffer current are excluded.
The MCU is in the reset state. The input/output current does not flow.

Test conditions: MCU state
» Reset state in operation mode

Pin state

. RESET, TEST: VCC

. Do to Da. R3 to R9: VCC

¢ D4 to D15. RO to R2, RAo, RA1: Vdisp

. The timer/counter operates with the fastest clock and input/output current does not flow.

Test conditions: MCU state
+ Standby mode
» Input/output: Reset state
+ Timer A: Divide-by-2 prescaler divide ratio
« Timer B: Divide-by-2 prescaler divide ratio
« Serial interface: Stop

Pin state

+ RESET: GND

« TEST: VCC

* Dgto D3, R3to R9: Ve

» D410 Dy, RO to R2, RAg, RA,: Viep

The timer/counter operates with the slowest clock and input/output current does not flow.

Test conditions:  MCU state
+ Standby mode
* Input/output: Reset state
« Timer A: Divide-by-2048 prescaler divide ratio
+ Timer B: Divide-by-2048 prescaler divide ratio
+ Serial interface: Stop

Pin state

« RESET: GND

. TEST VCC

+ Dgto D3, R3t0 R9: Vg

. D4 to D15, RO to R2, RAo, RA1 : Vdisp
Pull-down MOS current is excluded.

When fogc = ¥ MHz, the current dissipation in operation mode and standby mode are estimated
as follows:

Maximum value (fogc = x MHz) = % x max. value (fogc = 6 MHz)
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- Input/Output Characteristics for Standard Pins (Vec=45Vto6V,GND=0V, Vdisp =Vec-40V
to Ve, Ty = -20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
Input high VIH Do to D3, O'NCC - VCC +03 V
voltage R3to RS,
R9
lnput low V"_ Do to D3, -0.3 _— 022Vcc v
voltage R3to RS,
R9
Output high Vo Dy to D3, Veg-10 — — \ ~low=1.0mA 1
voltage R3to R8
Dyto Dg, VCC -03 — —_— \ —=loy =0.01 mA 1
R3to R8
Outputlow Vg Doto D3, — - 0.4 v loL=1.6 mA
voltage R3to R8
Inputioutput |1 Doto D3, — — 1 HA Vin=0VioVgs 2
leakage R3 to R9
current
Pullup MOS  -lp, DgtoDs;, 30 60 120 A Veg=5V, 3
current R3 to R9 Vin=0V

Notes: 1. Applied to /O pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied ta IO pins selected as with pull-up MOS by mask option.
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Input/Output Characteristics for High Voltage Pins (V¢ =45V t06 V,GND =0V, Vaisp = Ve - -
40V to YV, T, = -20°C to +75°C, unless otherwise specified)
item Symbol Pin Min Typ Max Unit Test Condition Note
Input high Vi D4to Dy, 0.7 Vge — Vec+03 V
voltage R1, R2,

RAg, RA,
Input low ViL Dst0D45  Veo—-40 — 0.22Vge V
voltage R1, R2,

RAg, RA,
Output high VOH D4 to D15 VCC -30 — —_ \ _IOH =15 mA,
voltage Ve =5V £10%

VCC -20 _— — \ _IOH =9 mA
RO to R2 VCC -3.0 —_— —_ \ _IOH =3 mA,
Voo =5V £10%
VCC -2.0 — — \ _IOH =1.8mA

Output low VOL D4 to D15, — — VCC -37 V VdiSp = VCC -40V 1
voltage RO to R2

D4 to D15, — _— VCC -37 V 150 kQ at 2

ROto R2 VCC -40V
Input/output I DstoDqyg, — — 20 HA  Vip=Vec-40V 3
leakage RO to R2 to Vee
current RAg, RA,
Pull-down  Ipp DstoDy5 125 250 500 WA Vgep=Veo-35V, 1
MOS current RO to R2, Viﬂ = VCC

RAg, RA,

Notes: 1. Applied to I/O pins selected as with pull-down MOS by mask option.
2. Applied to I/O pins selected as without pull-down MOS (PMOS open drain) by mask option.
3. Pull-down MOS current and output buffer current are excluded.
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- AC Characteristics (Vcc =4.5 V10 6 V, GND = 0 V, Vg = Ve - 40 V.10 Ve, T, = -20°C to +75°C,

unless otherwise specified)
item Symbol Pin Min Typ Max Unit TestCondition Note
Osciflation frequency fosc 0SsC;, 04 6 6.2 MHz

0SsC,
Instruction cycle time teye 129 1.33 20 us
Oscillator stabilization  tgpe 0sC,, — — 20 ms 1
time 0SC,
External clock high tepH 0SC, 70 —_— - ns 2
width
External clock low topL 0S8C4 70 — —_ ns 2
width
External clock rise tcer 08C, —_ - 20 ns 2
time
External clock fall tops 0S8C, —_ — 20 ns 2
time
INT high width tin INT, 2 — — teye 3
INT low wicth ty INT, 2 — — teye 3
INT; high width tiH INT, 2 — —_ toye 3
INT; low width n INT, 2 — — toye 3
RESET high width tRsTH RESET 2 —_ — teye 4
Input capacitance Ci Allpins — — 15 pF f=1MHz,

V=0V

RESET fall time tRsT —_ —_ 20 ms 4

Notes: 1. The oscillator stabilization time is the period from when Vg reaches 4.5 V at power-on until
when the oscillator stabilizes, or after RESET goes high by MCU resst to quit the stop mode. At
power-on or recovering from stop mode, apply the RESET input for more than tgc to meet the
necessary time for oscillator stabilization. The circuits used to measure the value are shown
below. When using a crystal or ceramic oscillator, consult with the crystal and ceramic oscillator
manufacture since the oscillator stabilization time depends on the circuit constant and stray

capacity.
Crystal oscillator Ceramic oscillator
Cy — (o
c t '_L 0SCy t 0SC4
stal
i :x;éF, Ceramic E3 2 Ry
I 1- 0SC; rfﬂ 1— 0SC;
Cz ettt Cz e
GND GND
Crystal: 6.0MHz NC-18C Ceramic: CSA6.00MG
{Nihon Denpa Kogyo) {Murata)
Ry 1 MQ £2% Ri: 1 MQ+2%
Cy: 20 pF +20% Cy: 30 pF £20%
Ca: 20 pF £20% Cy: 30 pF £20%
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Notes {cont): 2.

1/fcp
Vee-0.5V+H tcPH tcpL
0OSCy
o5v N 7
f
tepr tcp
3.
I Ry S W
0.22Vcc jL' JE }
4,
07Vee £ tesi t
RESET 0.22Vee / \
— [ tRsTi
M 4495204 0047118 523 M 187 Hitachi
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T, = =20°C to +75°C, unless otherwise specified)

During Transmit Clock Qutput

Serial Interface Timing Characteristics (Vcc=4.5 V0 6 V,GND =0V, V4, = Ve -40 Vio Ve,

Iitem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tSeye SCK 1 —_ - toyc  Seenote? 1,2
Transmit clock high width tsckH 8CK 05 — — tseye Seenote 2 1,2
Transmit clock low width tsckL SCK 05 — — tseyc  See note 2 1,2
Transmit clock rise time tsckr 8CK — — 100 ns See note 2 1,2
Transmit clock fall time tsckr SCK — — 100 ns See note 2 1,2
Serial output data delay time tpgo SO — — 250 ns See note 2 1,2
Serial input data setup time  tgg, SI 300 — — ns 1
Serial input data hold time  tyg St 150 — — ns 1
Refer to notes on the following page.
During Transmit Clock Input
Hem Symbol Pin Min Typ Max Unit TestCondition Notes
Transmit clock cycle time tSeyc SCK 1 - - toye 1
Transmit clock high width tSCKH 8CK 05 — — tseyc 1
Transmit clock low width tscke 8CK 05 — — tseyc 1
Transmit clock rise time tsokr 8CK — — 100 ns 1
Transmit clock fall time tscki SCK — — 100 ns 1
Serial output data delay time tpgo SO — -_— 250 ns See note 2 1,2
Serial input data setup time  tgg; Sl 500 — — ns 1
Serial input data hold time  tyg Si 150 — — ns 1
Refer to notes on the following page.
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Notes: 1. Timing of serial interface -
tsekr
—— Ve —20V(0.7Vee)*
sck Ve (0.7Vec) ‘(
0.8V (0.22Vcc)*

> }*toso
Vee -2,
SO cc—20V
08V
tssi s

si 0.7Vee B
0.22Vee

Note: * Vgc —2.0 Vand 0.8 V are the threshold voltages for transmit clock output.
0.7V¢c and 0.22V are the threshold voltages for transmit clock input.

A7

2

2. Timing load circuit

Vee

RL=2.6kQ
Test point
c R 1820740
or equivalent
12 kQ
30 pF
M 4486204 0047L20 141 WM 189 Hitachi
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- Characteristics Curves (Reference Data)

Vee (V)
—ipu (pull-up MOS current) vs.
Ve characteristics

Vec - Vdisp (V)

24 Ta= —20°C to +7$°C |sa‘y1
fosc = 6 MHz max.
2.0 4 i
/ Ispy2
s ] l [ Max. - max.
T, = —20°C 10 +75°C z 4
= £
- 3 fosc 6 MHz VN 12 '/
2 g
= o]
R
8 2 - 0.8
&
173
1 = 04
0 1 2 3 4 5 6 0 1 2 3 4 5 3
Vee (V) Vee (V)
lec vs. Vge characteristics isgy vs. V¢ characteristics
(crystal and ceramic oscillator) (crystal and ceramic oscillator)
500 = ~20°C to +75° |
Ta = ~20°C 10 +75°C sop| T2z —50C 10 +75,C Max.
400 '//
400 //
= 300
3 z 300 /
& 2 - Typ.
1 200 Max. ;2 200 II 4/
Min.
100 L~ Typ. 100 ,4
] Min. /|
(4
0 55 2 3 4 5 6 y
0 10 20 30 40 50

lpp (pull-down MOS current) vs.

(Voo — Vaisp) characteristics

M 4495204 0047121 018 WA

157, 220°C 0 +75°C
Vec=6V
10 4/ AVee=5V
z VAR V=45V
=~ et M T T T
£ Pt Ta =~20°C to +75°C
F 7" s Voo =6V
3 y. /4 < /’
5 4 E / L1 Vec=5V
/ '/ c 2 > ———Voc = 4.5V
: / = |
I
S 1
|
0 1 2 3 0 1 2 3
Vou (V) Vee - Vou (V)
loL min. vs. Vo characteristics ~lon min. vs. (Vee — Von) characteristics
{standard pin) (standard pin CMOS)
190 Hitachi
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Characteristics Curves (Reference Data) (cont)

30
HERRN AVec =6V
Ta =—-20°C to +75°C /
/ 6 T T T T T
/| [ vec=4a5v Ta=—20°C to +75°C Py

20 // — b 5 P
— Y,
£ / =
= < 4 =
% //1/ g 3 /

1
AR, R 2%

/s ! 7
Y ] //
y
l
0 1 2 3 4 5 0 1 2 3 4 5
Vee — Von (V) Ve — Von (V)
—lon min. vs. (Vgc — Vop) characteristics ~lon min. vs. (Vee — Vou) characteristics
(D4 to D45 pins) (R0 to R2 ports)
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Option List

Please check off the appropriate applications and enter

HMCS404C/CL/AC

the necessary information.

5-V operation:

CJHMCS404C (HD614043)

3-V operation:

[JHMCS404CL (HD614046)

High speed operation: [1HMCS404AC (HD614049)

Date of order

Customer

Department

Name

ROM code name

LS| type number
(Hitachi’s entry)

1. /O option
Note: /0 options masked by jz: are not available.
1/0 option 11O option
Pin o Pin Yo}
A|lB|C|D]|E B
DO . 10 R30 /0
D1 Se| WO R31 110
D2 g&| 10 R32 e}
D3 @ 10 R33 [Is]
D4 [lls} R40 110
D5 110 R4t 110
D6 110 R42 110
D7 21w R43 110
D8 a1l w R50 1/0
D9 g | Vo R51 o)
D10 Sl R52 VO
D11 5 LW R§3 | @ | IO
D12 T | R0 | & | O
D13 e Rt | 5 | O
D14 s) R62 g 0
D15 110 Re3 | & | O
R70 0
R71 o)
ROO 0 R7 TRz 0
Ro LRO1 0 R73 0
RO2 0 R80 0
Ro3 | | O Rg |81 [}
R10 | £ | VO R82 s}
R1 LRI g | WO R83 0
R12 | € | O RY0 I
Ri3 | £ | 10 Rg1 I
< R9
R0 | © | 11O R92 i
ro P2 | T [ wo R93 1
R22 110 RAO |_g@ | | e
i~ ow
R23 110 RA | RA1 2S5 | Use checklist
g RA1/Vdisp
A: Without pull-up MOS (NMOS open drain)
B: With pull-up MOS
C: CMOS (not to be used as input)
D: Without pull-down MOS (PMOS open drain)
E: With pull-down MOS
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2. RA1/Vdisp 3. Divider (DIV) -

0 RA1: Without pull-down MOS (D) | ® Divide-by-8 ]
(1 vdisp
Note: !f even one high-voltage pin is selected with

/O option E, pin RA1/Vdisp must be
selected to function as Vdisp.

4. ROM code media

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

L1 EPROM: The upper bits and lower bits are mixed together. The upper five bits and lower five bits are
programmed to the same EPROM in alternating order (i.e., LULULY...).

L1 EPROM: The upper bits and lower bits are separated. The upper five bits and lower five bits are
programmed to different EPROMS.

5. Oscillator (OSC1 and OSC2)

00 HMCS404C 0 HMCS404CL O HMCS404AC
(5-V operation) (3-V operation) high

U Resistor (R; = 20 kQ +2%)
0 Ceramic oscillator

(J Ceramic oscillator

O Ceramic oscillator

O Crystal oscillator {J Crystal oscillator O Crystal oscillator
O External clock (J External clock O External clock
6. Stop mode 7. Package
[0 Used O DP-64S
{0 Not used O FP-64
B 4495204 004?L24 27 1M 193 Hitachi
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- HMCS408C/CL/AC Electrical Characteristics

DC Characteristics (GND =0V, Vo, = Vo ~40 V to Ve, T, = -20°C to +75°C, HMCS408C:
Vee=3.5 Vo6V, HMCS408CL: Ve =2.5 Vto 6 V, HMCS408AC: Vo =4.5Vto 6 V)

tem Symbol Pin Min Typ Max Unit Test Condition Notes
Input high Vi RESET, 0.8Vge Vec+03 V
voltage SCK,
R3,/INT,,
R34/INT,
Sl 0'7VCC VCC +0.3 \
0SC;4 Vee-0.5 Veg+03  V HMCS408C/AC
Ve —0.3 Vec+03 V. HMCS408CL
Input low V||_ RESET, 0.3 0.2Vcc v
voltage SCK,
R3,/INTp,
R34/INT,
] -0.3 0.3Vgo Y
0SsC, -0.3 0.5 ' HMCS408C/AC
-0.3 0.3 \' HMCS408CL
Output high  Vgy SCK, Veg—1.0 A HMCS408C/AC:
voltage SO ~loy=1.0mA
Veg - 0.5 V  HMCS408C/AC:
—lon = 0.5 mA;
HMCS408CL:
=loy =0.3mA
Output low Vo SCK, — 0.4 \ HMCS408C/AC:
voltage SO loL = 1.6 mA;
HMCS408CL:
IOL =0.4mA
Input/output “ILl RESET, — 1 A Vin =0Vto VCC 1
leakage SCK,
current R3,/INTy,
R35/INT,,
Sl, SO,
0OSC;4
Current loc Vee - 23 mA  HMCS408C: 2,5
dissipation Vee=5V;
in active fosg = 4 MHz, + 8, or
mode fosc =2 MHZ, +4
— 1.1 mA  HMCS408CL: 2,5
Ve =3V,

fosc =4 MHz, + 16, or
fosc =2 MHZ, +8

— 4.5 mA HMCS408AC: 2,5
VCC =5V,
fosc =4 MHZ, + 4, or
fOSC =8 MHZ, +8
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DC Characteristics (GND =0 V, Vaisp = Yec =40 V to Ve, T, = =20°C to +75°C, HMCS408C:

Vee=3.5V to 6 V, HMCS408CL: Vee =25V to6 V, HMCS408AC: Voo =4.5 Vo 6 V) (cont)
item Symbol Pin Min Typ Max Unit Test Condition Notes
Current Isgy Vee — - 1.2 mA  HMCS408C: 3,5
dissipation Vee=5V;
in standby fosc =4 MHz, + 8 or
mode fOSC =2 MHz, + 4
- — 0.5 mA  HMCS408CL: 3,5
Vec=3V;
fOSC =4 MHz, + 16, or
fosc=2MHz, + 8
— — 1.7 mA  HMCS408AC: 3.5
Veo=5V;
fosc =4 MHz, + 4, or
fOSC =8 MHZ, +8
Current Istop Vee — - 10 MA  HMCS408C/AC: 4
dissipation in VinEsT) = Voo - 0.3 V
stop mode to Vee: Vee, Vin(RESET) =
0Vt 03V
HMCS408CL:
Vin(ﬁﬁ’) = VCC -0.2vV
to Ve Ve, VinReseT) =
0Vto0.2V
Stop mode Vs‘rop VCC 2 _ — A
retaining
voltage
Notes: 1. Excluding pull up MOS current and output buffer current.
2. The MCU is in the reset state. Input/output current does not flow.
* MCU in reset state, operation mode
. RESET, TEST: VCC
+ Dgto D3, R3to R9: Ve
. D4 to D1 [ RO to R2, RAo, RA1Z Vdisp
3. The timer/counter operates with the fastest clock. Input/output current does not flow.
* MCU in standby mode
* Input/output in reset state
+ Serial interface: Stop
* RESET: GND
« TEST: VCC
. Do to D3, R3to RY: VCC
. D4 to D15, RO to R2. RAQ, RA1I Vdisp
4. Excluding pull-down MOS current.
5. When tggc = x MHz, estimate the current dissipation as follows:
HMCS408C/AC: Maximum value at x MHz = (/4) x (max. value at 4 MHz)
HMCS408CL: Maximum value at x MHz = {x/2) x (max. value at 2 MHz)
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- Input/Output Characteristics for Standard Pins (GND =0V, Vg, = Vec-40 Vo Vi, Ty = -20°C
to +75°C, HMCS408C: V¢ = 3.5 V to 6 V, HMCS408CL: Ve = 2.5 V to 6 V, HMCS408AC: Ve =

45Vto6 V)
tem Symbol Pin Min Typ Max Unit Test Condition  Note
Input high Vin Do to D3, 0'7VCC — Voo + 03 V
voltage R3to R5,
Ro9
Input low V|L Do to D3, 0.3 _ O'BVCC \
voltage R3to R5,
R9
Output high  Vou Dgto D3, Veg-10 — — Y HMCS408C/AC: 1
vonage R3to R8 _|OH =1.0mA
DytoD3. Vge—-05 — — Vv HMCS408C/AC: 1
R3 to R8 _lOH =0.5mA
HMCS408CL:
—IOH =0.3mA
Output low VoL Dgoto D3, — — 0.4 v HMCS408C/AC:
voltage R3to R8 oL = 1.6 mA
HMCS408CL:
lOH =0.4mA
Input/output |l | DytoD;, — — 1 A V,,=0VtoVgs 2
leakage R3to R9
current
Pull-up MOS  ~lpy DytoD;, 30 60 150 HA Vec=5V, 3
current R3to R9 Vihn=0V
DytoD3, 3 15 50 pA  HMCS408CL 3
R3to RY only:
VCC = 3 V,
Vin=0V

Notes: 1. Applied to VO pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/O pins selected as with pull-up MOS by mask option.
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Input/Output Characteristics for High Voltage Pins (GND = 0 V, Viisp= Yec - 40 V to Ve,

T, = -20°C to +75°C, HMCS408C: Vi = 3.5 V to 6 V, HMCS408CL: Ve = 2.5 V to 6 V,
HMCS408AC: Ve =4.5V to 6 V)

Item Symbol Pin Min Typ Max Unit Test Condition  Note
Input hlgh VlH D4 to D15, O'7VCC — VCC +03 V
voltage R1, R2,
RAg, RA,
Input low Vie D4toDyg, Voc—-40 — 0.3Vee \
voltage R1, R2,
RAgy, RA,
Output high VoH Dst0Dyg Vge—-30 — — \Y =loy =15 mA,
voltage Voo =5V 120%
VCC -20 — — \Y —IOH =10 mA.
Veg-10 — — v HMCS408C/AC:
~loy =4 mA
HMCS408CL:
—IOH =2.5mA
ROtoR2 Veg-30 — - v —lop = 3 MA,
Voo =5V £20%
VCC -20 — — \ _IOH =2 mA,
Vee =5V £20%
Veg—1.0 — — v HMCS408C/AC:
_IOH =0.8 mA
HMCS408CL:
~loH = 0.5 mA
Output low VOL D4 to D1 5 — _— VCC -37 Vv Vdisp = 1
voltage RO to R2 Voo —40V
Dyto Dy, — — Vee=-37 V 150 kQ at 2
RO to R2 Vo —40V
Inputoutput |y | Dsto Dy5, — — 20 PBA Vi =Voc-40V 3
leakage RO to R2, to Vee
current RAg, RA,
Pull-down Ipp D,stoDqg, 125 250 600 pA Vgisp = 1
MOS current RO to R2, Veg-35V,
RAg, RA Vin=Vee

Notes: 1. Applied to I/O pins selected as with pull-up MOS by mask option.
2. Applied to I/0 pins selected as without pull-up MOS (PMOS open drain) by mask option.
3. Puli-down MOS current and output buffer current are excluded.
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HMCS402 SeriessHMCS404 SeriessHMCS408 Series

AC Characteristics (GND =0 V, Vg, = Voo =40 V to Ve, T, = -20°C to +75°C, HMCS408C:

Vee=3.5V to 6 V, HMCS408CL: Ve = 2.5 V to 6 V, HMCS408AC: Ve =4.5Vio 6 V)

tem

Symbol

Pin

Typ

Max

Unit

Test Condition

Note

Oscillation frequency

fosc

0SCy,
0SC,

0.4

4

4.5

MHz

HMCS408C:
divide-by-8

0.2

2.25

MHz

HMCS408C:
divide-by-4

0.8

45

MHz

HMCS408CL:
divide-by-16

0.4

2.25

MHz

HMCS408CL:
divide-by-8

0.2

45

MHz

HMCS408AC:
divide-by-4

04

MHz

HMCS408AC:
divide-by-8

Instruction cycle time

teye

1.78

20

us

HMCS408C

3.55

20

us

HMCS408CL

0.89

20

us

HMCS408AC

Oscillator stabilization
time

tac

0SCs,
0SC,

20

ms

HMCS408C/AC

60

ms

HMCS408CL

External clock high
and low widths

toph:
tcpL

0SC;,

92

ns

HMCS408C:
divide-by-8
HMCS408CL.:
divide-by-16
HMCS408AC:
divide-by-4

203

ns

HMCS408C:
divide-by-4
HMCS408CL.:
divide-by-8

41

ns

HMCS408AC:
divide-by-8
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AC Characteristics (GND =0 V, Viisp = Voc =40 V to Vi, T, = -20°C to +75°C, HMCS408C:
Vec=35V 106V, HMCS408CL: Ve = 2.5V to 6 V, HMCS408AC: V¢ = 4.5 V to 6 V) (cont)

tem Symbol Pin Min Typ Max Unit Test Condition Note
External clock rise tepr osCc; — - 20 ns 2
time
External clock fall tcps osCy — — 20 ns 2
time
INT,, high width ti iNT, 2 — - toye 3
INT, low width tw NT, 2 — - teye 3
INT, high width ti INT; 2 — - teye 3
INT; low width t INT, 2 — — toye 3
RESET high width trsTH RESET 2 - - toye 4
Input capacitance Cin Allpins — - 15 pF t=1MHz,

V=0V
RESET falf time trsTt — -_ 20 ms HMCS408C/AC 4

— — 15 ms HMCS408CL 4

Notes: 1. The oscillator stabilization time is period from when V¢ reaches its minimum allowable voltage
at power-on until when the oscillator stabilizes, or after RESET goes high. At power-on or
recovering from stop mode, apply the RESET input for more than tgg to meet the necessary time
for oscillator stabilization. When using a crystal or ceramic oscillator, consult with the crystal and
ceramic oscillator manufacture since the oscillator stabilization time depends on the circuit con-
stant and stray capacitance.

2. See figure 25.
3. See figure 26.
4. See figure 27.
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- Serial Interface Timing Characteristics (GND =0V, Vg, = Ve -40 Vto Ve, T, = -20°C to
+75°C, HMCS408C: Vo = 3.5 V to 6 V, HMCS408CL: V¢ = 2.5 V to 6 V, HMCS408AC:
Vec=45Vto6V)

During Transmit Clock Output

Item Symbol  Pin Min Typ Max Unit Test Condition Notes
Transmit clock cycle tseyc 8CK 1 —_ — teye 1,2
time
Transmit clock high tSCKH- SCK 05 — — tseyc 1,2
and low width tscKL
Transmit clock rise tseKr SCK — — 100 ns HMCS408C/AC 1,
and fall times tsokt —  — 300 ns HMCS408CL 1,
Serial output data toso SO —_ —_ 300 ns HMCS408C 1,
delay time —  — 600 ns HMCS408CL 1,
— — 250 ns HMCS408AC
Serial input data tssi Sl 500 - — ns HMCS408C 1
setup time 1000 — — ns  HMCS408CL 1
300 — — ns HMCS408AC 1
Serial input data tsi Sl 150 - — ns HMCS408C/AC 1
hold time 500 — — ns  HMCS408CL 1

Refer to notes on the next page.
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HMCS402 SeriessHMCS404 SeriessHMCS408 Series

Serial Interface Timing Characteristics (GND =0 V, Vaisp = Ve ~40 Vto Ve, T, = -20°C to

+75°C, HMCS408C: Ve = 3.5 V t0 6 V, HMCS408CL: Ve = 2.5 V to 6 V, HMCS408AC:
VCC =45Vto6 V)

During Transmit Clock Input

ltem Symbol  Pin Min Typ Max Unit Test Condition Notes
Transmit clock cycle tSeyc SCK 1 — - toye 1
time
Transmit clock high tsckis  SCK 05  — — tseyc 1
and low width tsckL
Transmit clock rise tsckr SCK — — 100 ns HMCS408C/AC 1
and fall times tsckt — — 300 ns  HMCS408CL 1
Serial output data toso SO — — 300 ns HMCS408C 1,
delay time — — 800 ns  HMCS408CL 1,2
— — 250 ns HMCS408AC 1,2
Serial input data tssi Sl 500 — — ns HMCS408C 1
setup time 1000 —  —  ns  HMCS408CL 1
300 — — ns HMCS408AC 1
Serial input data ths Si 150 — - ns HMCS408C/AC 1
hold time 500 — — ns  HMCS408CL 1

Notes: 1. See figure 28.
2. See figure 29.
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HMCS408C/AC

1ffcp |

tcer tept

HMCS408CL

1fice ]
Vec-03V . a 3

tcPH tepL ‘
05C4
03V

tcpr tepi

Figure 25 Oscillator Timing

0.8Vee

0.2Vce jL

iNT, INTy iy tiL

Figure 26 Interrupt Timing

0.8Vee - R

tasTH
RESET 0.2Vee /
] &tnsn

Figure 27 Reset Timing
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tSoyc |
tscke e —= |leigek
- Vec —2.0 V (0.7Vgg)* k sor / tscrw ZL_L
0.8V (0.22Veo) % 4
- =fpso

so X Vec-20V
L 0.22V
tssi tHsi

si ~0.7Veo )
0.22Vge -

Note: * Vee—2.0 Vand 0.8 V are the threshold voltages for transmit clock output.
0.7V¢c and 0.22V¢c are the threshold voltages for transmit clock input.

Figure 28 Serial Interface Timing

Vee
R =2.6 kQ
Test point
c R 182074
or equivalent
12kQ
30 pF

Figure 29 Timing Load Circuit
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HMCS402 Series/HMCS404 SeriessrHMCS408 Series

- HMCS408C/CL/AC

Option List Date of order
Customer
Please check off the appropriate applications and enter Deot
the necessary information. Pt
Name
5-V operation: [ HMCS408C (HD614081) ROM code name
3-V operation: [0 HMCS408CL (HD6140886)

— 1 | LSl type number
High speed operation: [1HMCS408AC (HD614089) (Hitachi’s entry)

1. /O option
Note: I/O options masked by £ are not available.
1/0 option 1/O optior
Pin 110 Pin 10
A|B|Ci{D]|E A|B
DO ° 110 R30 110
D1 Se| O R31 10
D2 g8l 1o R32 7o)
D3 @ s) R33 Re)
D4 10 R40 110
D5 110 R4 s}
D6 s} R42 110
D7 2w R43 110
D8 > [ o RS0 [s)
D9 g [ o R51 10
D10 e [ o RS2 Is)
D11 S o RS3 | « | IO
D12 T | 1o RO | & | O
D13 110 Re1 | 5§ | O
D14 110 R62 g 0
D15 10 Re3 | % | ©
R70 o
R71 o
ROO A7 "Rr2 [¢)
Ro |_RO1 R73 0
RO2 R80 o)
RO3 R81 o
R0 | £ A8 Rez 0
R1 Ri1t @ R83 Q
R12 % R0 1
R13 | S ROt I
R20 :‘S’ RS "Rez i ,_
a2 | R21 R93 | .
R22 RAO |[_o | !
552 -
R23 RA | RAT 283 | Use checklist
5 RA1/Vdisp
A: Without pull-up MOS (NMOS open drain) B: With pull-up MOS
C: CMOS (not be used as input)
D: Without pull-down MOS (PMOS open drain) E: With puil-down MOS
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2. RA1/Vdisp 3. Divider (DIV)
O RA1: Without pull-down MOS (D) Divider 4 8
O vdisp HMCS408C O |
Note: Iif even one high-voltage pin is selected with HMCS408CL d
1O option E, pin RA1/Vdisp must be
selected to function as Vdisp. HMCS408AC = 0

4. ROM code media

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

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

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

5. System oscillator (OSC1 and OSC2)

O HMCS408C
(5-V operation)

0O HMCS408CL
(3-V operation)

O HMCS408AC
(high speed operation)

3 Ceramic oscillator

[0 Ceramic oscillator

{3 Ceramic oscillator

(3 Crystal oscillator

{3 Crystal oscillator

0O Crystat oscillator

[J External clock

(0 External clock

3 External clock

6. Stop mode

O Used

0 Not used
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7. Package

O DP-64S

O FP-64

O FP-64A
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