HD4074008

Description

The HD4074008 is a ZTAT™ microcomputer
incorporating 8 kwords of programmable ROM and
512 digits of RAM. It is a CMOS 4-bit single-chip
HMCS400-series microcomputer providing high
programming productivity, high-speed operation,
and low power dissipation.

Features

+ 8,192-word x 10-bit PROM (programming com-
patible with the 27256 ROM)

« 512-digit x 4-bit RAM

+ 58 1/O lines including 12 high-current (15 mA)
1/0 circuit type pins of open drain

« Two timer/counters

« Clock-synchronous 8-bit serial interface

« Five interrupt sources
— Two by external sources
— Three by internal sources

+ Subroutine stack up to 16 levels, including
interrupts

+ Two low-power dissipation modes
— Standby mode
— Stop mode
+ On-chip oscillator: Crystal or ceramic oscillator
(an external clock is also possible)
« Minimum instruction cycle time: 0.89 us
+ Package
— 64-pin shrink-type plastic DIP

— 64-pin shrink-type ceramic DIP with
window
— 64-pin flat plastic package
Ordering Information
Product Name Model Name Package
HD4074008 HD4074008C DC-64S
ZTAT™ HD40740085  DP-64S
HD4074008F FP-64
HD4074008H FP-64A
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Pin Arrangement

W T ON - O
2 Ef10 “00s £8384858885880
63
Do =00 OoOONO0N00000
. 2328883588339
D14 61:“:)7
D15 5 60 ] Ds R01 E’ 51303
R0y e 59 1Dg RO, [ ]2 sol_1D,
RO, 7 s8] D, ROz [|s ] Dy
RO, s 5771 D, Rip []e 48] Do
ROz o 561 D, R, [|s a7 _]GND
Rio[]10 55 Dy A1 6 46
Ry 11 541 Dp FH:E? 4s:8§gf
R1,(] 2 53] GND R2o |8
o 44| |TEST
R13C13 52:0802 R2 |:9
1 43| RESET
R2 14 611 0SC A2, 1
R2, (1 so[ ] TEST 2 L0 FP-64 42|_] R9
R2; |16 DP-645 4[] RESET A2y [| 11 «1[ 1R,
R2; {77 DC-645 [ 1Rg, RAg []12 “[ 1R,
RAy |18 470 RY, RA; |13 1R
RA{ 19 [ R9, R3p [ 1 8] ] R8;
R3p 20 457 R9p R3; |5 37[ ]R8,
R3 O= 44 ]R8y R3,/INT, [ 16 3| ]R8,
R3,/INTo [ 22 437 R8 R3/INT, (|17 35| ]R8,
R3y/INT; 23 42[ ]R8, R5, [_| 18 sl R7
RS0 [ 2s 411 R8y A5 - 3
R5 25 401 R7;3 ! 190—vamwv~m FN33:R72
b= rE DOO0OOOUOOO00
) - N0 O = o o
wde  IBT TR E LT
R6, 30 35 R4,/SO $ E'
R63 )31 34[7) R44/SI @«
Vee [ 32 33[1 R4/SCK
N - WY MmN~ O
FeE888588858838
inininininininininininininininln
903:138358%%$$9’33%58ng02
AT uhe
1
Rip 4 1 GND
R1; Os 4[108C,
et it
1
R2; s ' 41 RESET
3 - <1
RA; [ 11 %I R.
R3p [ 12 37 RYy
R3; 13 %[ 1R8;
R3,/INTy ] 14 3] R8,
R3y/INT, (] 15 3 ] R8,
RS"DB:eegaxgxa&aaassg”j%
UUUousooooUuOooy
- MO - N®» R d o B R I
CEREEERR PSP
$E3
o
B 4496204 0047138 311 EN 207 Hitachi

T




HD4074008

Pin Description

Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode
DC-64S, DC-64S,
DP-64S FP-64 FP-64A Symbol KO Symbol VO  DP-64S FP-64 FP-64A Symbol VO Symbol /O
1 59 57 D1 VO Veo 33 27 25 R4y/SCK 110 O, o)
2 60 58 D12 110 34 28 26 R4:/SI 110 Og 10
3 61 59 Dia 110 35 29 27 R4,/SO 11O Og 110
4 62 60 D14 e} 36 30 28 R4, i Oy 10
5 83 61 Dys o] 37 31 29 R7q 0 CE 1
6 64 62 POy 0 A [ 38 32 30 R7, 0 OE I
7 1 63 RO, 0 A I 39 a3 31 R7, o]
8 2 64 RO, 0 A I 40 34 32 R7, 0
9 3 1 RO, O A, ] M 3% 33 R8, 0
10 4 2 Rig 11O As I 42 36 34 R8, o}
1 5 3 R1, 110 Ag I 43 37 35 RS, o}
12 6 4 R1, 110 Az I 44 38 36 R8, 0
13 7 5 R1y 110 Ag I 45 3 37 RY, | Vpp
14 8 6 R2, WO Ag i 46 40 38 R9, I Ag [
15 9 7 R2, 110 Aqg ! 47 41 39 RY, I My |
16 10 8 R2, 110 Aqy [ 48 42 4 RY, I M I
17 11 9 R2, VO Agp f 49 43 4 RESET | RESET |
18 12 10 RAq I 50 4 4 TEST | TEST |
19 13 1N RA, ! 51 45 43 0scy |
20 14 12 R3g 110 Aqs I 52 48 44 0sC, O
21 15 13 R3, 11O Agg ! 53 47 45 GND GND
22 16 14 R3,/NT, 110 54 48 46 Do 11O Oq Te]
23 17 15 R34ANT; 1O 55 49 47 D, Vo O, 10
24 18 16 A5y 110 56 50 48 D, o 0 Ts]
25 19 17 R5, e} 57 51 49 Dg O O3 V)
26 20 18 RS, 1O 58 52 50 D, 1o
27 21 19 RS3 lle} 59 53 51 Ds fe]
28 22 20 Rég o} 60 54 52 D 1o
29 23 21 R6, o} 61 55 53 D, 110
30 24 22 R6, 0 62 56 54 Dg 110
31 25 23 R64 o} 63 57 55 Dg 110
32 26 24 Voo Vee 64 58 56 Dio IO Veo

Notes: I/O: Input/Qutput pins

Input pins
O: Output pins
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Pin Functions

GND, V¢ (Power): GND and V- are the power
supply pins for the MCU. Connect GND to ground

(0 V) and apply the Vc power supply voltage to
the V¢ pin.

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

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

0SCy, OSC, (Oscillator Connections): OSC, and
OSC; are the pins for the internal oscillator circuit.
They can be connected to a crystal resonator,
ceramic resonator, or external oscillator circuits,

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

RO-RA (R Ports): R0O-R9 are 4-bit [/O ports. RA
is a 2-bit 1/O port. RO, R6, R7, and RS are output
ports, R9 and RA are input ports, and R1 to RS are
/O ports. All pins of port RO-RA are standard
pins. The circuit type of Dy—D;5 and RO-R2 is
PMOS open drain, and that of Dy-D4 and R3-R8 is
NMOS open drain. R3,, R33 and R4y, R4,, R4, are
multiplexed with INT,, INT,, SCK, SI, and SO,
respectively. The RA, pin should be used as RA,
since it is PMOS open drain (MOS without pull-
down). For details, see the Input/Qutput section,

INT,, 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 R33, respec-
tively. For details, see the Interrupt section.

SCK, SI, SO (Serial Interface): The transmit
clock 1/O pin (SCK), serial data input pin (SI), and
serial data output pin (SO) are used for serial inter-
face. SCK, SI, and SO are multiplexed with R40,
R4;, and R4,, respectively. For details, see the
Serial Interface section.

Vpp (Program Voltage): Vpp is the input for the
program voltage (12.5 V +0.3 V) for programming
the PROM.

CE (Chip Enable): CE is the input for program-
ming and verifying the internal PROM.

OE (Output Enable): OE is the input of the data
output control signal for verification.

Ag-Ay4 (Address Bus): A~A;, are address input
pins for the internal PROM,

04—0; (PROM Data Bus): These are data bus
pins for the internal PROM.

My, M (Mode): M and M, set the PROM mode.
The PROM mode is set when My, M;, and TEST
pins are low and the RESET pin is high.
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Block Diagram

8192 x 10-bit
PROM

:
D pont

GND —
Vcc D ot

>

QSC, =+
. fot— D14
Dis

Instruction 14|

=
il

08Cy —*

1

TEST — e+ RO,

o (e=RO,
:> L ROz
fee—s- RO5

System control

!
it

RESET —™

fa—R1g
ja—R14
ja—-R1,
Ria

[\_-—:) fe-o~ R2,
ja—e- R2,
E N <:> E ja— R2;

la—e-R2,

g

R3z/INT; —

R34/INTy

External interrupt

ﬁ

Timer
B

Interrupt control
512 x 4-bit RAM

l—n B3,
e R31 o
e R35/INTo

<o je— R3y/INT;

R4,/ - N

R4¢/SCK =—s} s @ [ R4,/Si
)

R4,

face
ﬂ

-
Fﬂ%r%% I gg
T
1!
iy

Serial
inter-

R4

(=
(=

—

=
R |
=
<
K —
RS K

MCU mode —

RA;

RAg —»

R9;

RO, —»]

R9-| ]
Vpp R9y—=

R83 ~—

R8; ~—

A8, <—] R8

R8y <—

PROM mode —

M
Mo
Ay

<« PROM mode

9909

B 44960204 DO47lul 90bL HE
210 Hitachi
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Memory Map

ROM Memory Map

The MCU includes a 8,192-word x 10-bit ROM. It
is described in the following paragraphs with the

ROM memory map in figure 1.

Vector Address Area ($0000
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.

to $000F):

Zero-Page Subroutine Area (50000 to $003F):
Locations 30000 through $003F are reserved for
subroutines. The CAL instruction branches to these
subroutines.

Pattern Area ($0000 to $0FFF): Locations $0000
through $OFFF are reserved for PROM data. The P
instruction can reference the PROM data as a
pattern.

Program Area ($0000 to $1FFF): Locations from
$0000 to $1FFF can be used for program code.

oM $0000 O JMPLinstruction _|$0000
Vector address 1 (jump to reset routine)  |$0001
15 $000F 2| JMPLinstruction  |$0002
16 $0010 3[  (jump to INTq routine)  |$0003
Zero-page subroutine 4 JMPLinstruction  |$0004
(64 words) 5( (jumpto INT, routine) |$0005
63 $003F 6 JMPLinstruction  _|$0006
64 $0040 71 {(jump to timer A routine) |$0007
Pattern 8| JMPLinstruction _|$0008
j (4096 words) 9 (jump to timer B routine) |$0009
4095 SOFFF 10 $000A
4096 $1000 11 $000B
12| JMPLinstruction  [$000C
e (Brs;ggv:zr?ds) 13| (jump to serial routine)  |$000D
14 $000E
8191 $1FFF 15 $000F
8192 $2000
Not used
16383 $3FFF

B 4496204 004?142 Auc WA
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Figure 1 ROM Memory Map
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RAM Memory Map

The MCU also contains a 512-digit % 4-bit RAM as
the data and stack area. In addition 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 regis-
ters cannot be accessed by RAM bit manipulation
instructions.

Data Area ($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 $001
31 $01F 2 $002
32 ) $020 3 $003
MR .
47| ... M emoryreg|sters() §02F 4 { Port mode register (PMR): W |$004
48 $030 5 | Serial mode register (SMR): W |$005
6 | Serial data register lower (SRL):R/W|$006
Data 7 | Serial data register upper (SRU) :R/W| $007
(448 digits) 8| Timer mode register A (TMA): W |$008
g | Timer mode register B (TMB): W |$009
479 $1DF 100 Timer B* (TCBUTLRL) :R/W| $00A
480 $1E0 11 {TCBU/TLRU) :R/W| $008B
Not used 12 $00C
959 $3BF
960 oo $3C0 Not used
tac
(64 digits) 31 $01F
1023 $3FF
*Two registers are mapped on the same address.
Timer counter B lower Timer load register B lower !
R: Read only 10 (TCBL) ! R (TLRL) ' W [$00A
W: Write only : - - T
RMW: Read/write 44 Timer counter Bupper o Timer load register B upper: |, $008
1 (TCBU) ; (TLRU) 3

B 4496204 0047143 789 HE

Figure 2 RAM Memory Map
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Bit3

Bit 2 Bit 1 Bit 0

0 MO IFo__ RSP IE $000

(IM of INT) (IF of INTp) (Reset SP bit) (Interrupt enable flag)
; IMTA IFTA M1 IF1_ $001
(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) (Foftimer) | $002
IMS IFS

3 Not used Not used (IM of serial) (IF of serial) $003

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

Note: Each bit of the interrupt control bit area is set by the SEM/SEMD instruction, reset by the
REM/REMD instruction, and tested by the TM/TMD instruction. It is not affected by other
instructions. Furthermore the interrupt request flag is not affected by the SEM/SEMD
instruction. The value of the status flag becomes invalid when unusable bits are tested.

Figure 3 Configuration of Interrupt Control Bits Area

Memory registers Stack area

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

33[ MR (1) |$021 Lovel 15

34] MR (2) |$022 Lovel 14

35[ MR (3) |$023 Level 13

36[ MR (4) |$024 Level 12

37[ MR (5) |$025 Level 11

38[ MR (6) |$026 Level 10

39 MR (7) |$027 Level 9 Bit3  Bit2 Bit1  Bit0

40| MR (8) [$028 Level 8 T __ T

41| MR (9) $029 Level 7 1020 ST PC13 . PC12I PCﬁ $3FC
42| MR (10) | $02A Level 6 T T T
43[MR (11) |$028 Level 5 1021] PCwo PG PGy PC; |8$3FD
44| MR (12) |$02C Level 4 T

45] MR (13) |$02D Level 3 1022 CA | PCs PCs PC, |$3FE
46| MR (14) |$02E Level 2 —— — | T
47[MR :15) $02F 1023 Level 1 [sarF 1923 PG PG, PG, PCo |$3FF

PCy3 to PCq: Program counter
ST: Status flag
CA: Carry flag

Note: Since the HD4074008 is an 8-k PROM version, PC,3is not used.

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

M 4496204 0OO47L44 LL5 W 213 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 accu-
mulator and B register hold the results from the
arithmetic logic unit (ALU), and transfer data
to/from memory, I/O, and other registers.

W Register (W), X Register (X), Y Register (Y):
The 2-bit W register, and the 4-bit X and Y regis-
ters indirectly address 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 flag 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
instructions. It is a branch condition of the BR,
BRL, CAL, or CALL instructions. The value for
the status flag remains unchanged until the next
arithmetic, compare, or bit test instruction is exe-
cuted. The status flag becomes a 1 after the BR,
BRL, CAL, or CALL instruction was either execut-
ed or skipped. During an interrupt, the status flag is
pushed onto the stack. It is restored back from the
stack by the RTNI instruction, but not by the RTN
instruction.

3 0
Accumulator
3 0

1 0

W register

3 0
3 0
3 0
SPX register
3 0

SPY SPY register

Carry flag
Status flag

0

[ PC

J Program counter

o

0
sp ] Stack pointer

4495204 0047145 551 HE

Figure 5 Registers and Flags
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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 stack 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 high four 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 port. For each

source, an interrupt request flag (IF), interrupt
mask (IM), and interrupt vector addresses control
and maintain the interrupt request. The interrupt
enable flag (IE) also controls 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 soft-
ware.) 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 1 shows the interrupt priority and
vector addresses, and table 2 shows the interrupt
conditions corresponding to each interrupt source.

An interrupt request is generated when IF is set to 1
and IM is 0. If IE is 1 at this time, the interrupt will
be activated and vector addresses will be generated
from the priority PLA corresponding to the inter-
rupt source.

Table 1 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 2 Conditions of Interrupt Service

Interrupt Source

Interrupt Control Bit

INT, INT, Timer A Timer B Setial
IE 1 1 1 1 1
IFO - TMO 1 0 0 0 0
IF1-T™M1 * 1 0 0 0
IFTA - TMTA * * 1 0 0
IFTB - IMTB * * * 1 0
IFS - TMS * *

*
*
Y

* Don't care
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Figure 7 shows the interrupt sequence, and figure 8
shows the interrupt processing flowchart. If an
interrupt is requested, the instruction being execut-
ed 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

$000,0

| IE }

$000,2 ~ ;A\
IFO {

$000,3 .

O

* Reset IE
+» Jump to vector address

—
Vector

Priority control [~ address

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

logic

Figure 6 Interrupt Control Circuit Block Diagram

B 4496204 0047147 324 WA
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Instruction 1 2 3 4 s ®
cycles
|
- : | * * * -
Instruction
execytion
i Stacking;
Interrupt Stacking; vector add?ess
accepted reset of IE is generated

JMPL instruction execution
on the vector address

Instruction
execution at
starting address
of the interrupt
routine

Figure 7 Interrupt Processing Sequence

B 4496204 0047148 260 EM 217 Hitachi
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- ( Power on }
\ No

RESET =17

Yes

Reset MCU

]

Interk Yes

requy

No

No

Execute instruction

PC « (PC) +1

L

fet— PC « $0002

et PC « $0004

ea—] PC « $0006

— PC « $0008

IE=17?

Yes

Accept interrupt

Ee0

Stack « (PC)
Stack « (CA)
Stack « (ST)

Yes

Yes

Yes

Yes

INT,
interrupt?

No
iNT,
interrupt?

No
Timer A
interrupt?
No

Timer B
interrupt?

No

- PC « $000C -

(serial interrupt)

Figure 8 Interrupt Processing Flowchart

B 4495204 0047149 177 BN
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Interrupt Enable Flag (IE: $000, Bit 0): The
interrupt enable flag enables/disables interrupt
requests as shown in table 3. It is reset by an inter-
rupt and set by the RTNI instruction.

External Interrupts (INTO, INTI) The external
interrupt request inputs (INT, INT;) can be select-
ed by the port mode register (PMR: $004). 4). 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 (IFO, IF1) are
set at the falling edge of TNT, and INT; inputs.
(Refer to table 4.)

The TNT; 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 TNT, as
the timer B external event input, the external inter-

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

request by INT; will not be accepted. (Refer to
table 5).

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

External Interrupt Masks (IM0: $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, R33/INT;, R4,/S1, and R4,/SO pins
as shown in table 6. The port mode register will be
initialized to $0 by MCU reset. These pins are
therefore initially used as ports.

Table 3 Interrupt Enable Flag

Table 6 Port Mode Register

IE Interrupt Enable/Disable PMR3 R3,/INT, Pin
0 Disabled 0 Used as R3; port input/output pin
Enabled 1 Used as INT; input pin
Table 4 External Interrupt Request Flags PMR2 R3,/INT, Pin
0 Used as R3, port input/output pin
IFO, IFt Interrupt Request ——
1 Used as INT, input pin
0 No
1 Yes PMR1 R4,/S! Pin
0 Used as R4, port input/output pin
Table 5 External Interrupt Masks 1 Used as Sl input pin
MO, IM1 Interrupt Request
0 Enabled PMRO R45/SO Pin
9 Disabled (masked) 0 Used as R4, port input/output pin
1 Used as SO output pin
B 4496204 0047150 9159 EM 219 Hitachi
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Serial Interface

The serial interface is used to transmit/receive 8-bit
data serially. It 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 controlled 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 (SCK) signal 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/receive operation is discontinued
by resetting the octal counter, the serial interrupt
request flag will be set.

Serial Mode Register (SMR: $005): The 4-bit
write-only serial mode register controls the

R4o/SCK pin, prescaler divide ratio, and transmit
clock source as shown in table 7.

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
accepting 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 the
serial mode register has been written to. 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
be reset to $0 by MCU reset.

System| | . OC (3bits) |SROF
clock Prescaler (11 bits) Octal counter IFS
T Interrupt
@© request flag
~l8INE of serial
c}_] c? c? - u;: c:: interface
[ Internal bus line (S1) |
Serial MPX +2 MPX
SCK 14 {4
} SR (8 bits)
3 Serial data register
SMR (4 bits) PMR (4 bits) } 4 } 4

[ internal bus line (82) |

JE; Serial mode register 4 Port mode register
| 50K

| Intemalbusiine (52) | 2

@

¥ 1
R4o/SCK R4,/SI || R45/SO | ]
port port

6 o

Figure 9 Serial Interface Block Diagram
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Serial Data Register (SRL: $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, MSB first, syn-
chronously with the rising edge of the transmit
clock. Figure 10 shows the 1/0 timing chart for the
transmit 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.

Serial Interrupt Request Flag (IFS: $003, Bit 0):
The serial interrupt request flag will be set when
the octal counter counts eight transfer clock
signals, or when data transfer is discontinued by
resetting the octal counter. Refer to table 8.

Serial Interrupt Mask (IMS: $003, Bit 1): The
serial interrupt mask masks the interrupt request.
Refer to table 9.

Selection and Change of the Operation Mode:
Table 10 shows the serial interface operation
modes which are determined by a combination of
the value in the port mode register and in the serial
mode register.

Initialize the serial interface by a write signal to the
serial mode register, when the operation mode has

changed.

Table 7 Serial Mode Register

SMR3 Ra4g/SCK
0 Used as R4 port input/output pin
1 Used as SCK input/output pin
Transmit Clock

o Prescaler System Clock
SMR2 SMR1  SMRO R4,y/SCK Port Clock Source Divide Ratio  Divide Ratio
0 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 SCKinput External clock — —

B 4495204 DOu?152 791 WM
R
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Operating State of Serial Interface: The serial
interface has three operating states: the STS wait-
ing 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
serial interface to the transmit clock wait state.

In the transmit clock wait state the falling edge of
the first transmit clock causes the serial interface to
shift to the transfer state. While the octal counter
counts up, the serial data register shifts simultane-
ously. As an exception, if the clock continuous out-
put mode is selected, the serial interface stays in
the 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 the
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 etrrors can be detected by the
procedure shown in figure 12.

If more than 8 transmit clocks occur in the transmit
clock wait state, the state of the serial interface
shifts as follows: 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 IFS to be set again.

Table 8 Serial Interrupt Request Flag

IFS Interrupt Request
0 No
Yes

Table 9 Serial Interrupt Mask

IMS interrupt Request
0 Enabled
1 Disabled (masked)

Table 10 Serial Interface Operation Mode

Serlal Interface

SMR3 PMR1 PMR2 Operating Mode

1 0 0 Clock continuous output
mode

1 0 1 Transmit mode

1 1 0 Receive mode

Transmit/receive mode

Transmit clock ||‘|’|||’|’|\Il‘

Serial output data

Serial input data
latch timing

Figure 10 Serial

B 4496204 0047153 b23 M
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STS waiting state -
( octal counter = 000
t

ransmit clock disable)

Change PMR*
Change PMR*
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)

* “Change PMR" means the change of operation mode as shown follows.

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

Figure 11 Serial Interface Mode Transition

Transmit/receive
(IFS &« 1)

!

Interrupt
disable

:

IFS«0

!

Write to SMR

Yes Transmit clock
error processing

No

Normail end

Figure 12 Transmit Clock Error Detection
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Timers

The MCU contains a prescaler and two timer/coun-
ters (timers A and B). A block diagram is shown in
figure 13. The prescaler is an 11-bit binary counter,
timer A is an 8-bit free-running timer/counter, and
timer B is an 8-bit auto-reload timer/event counter.

Prescaler: The input to the prescaler is the system
clock signal. The prescaler is initialized to $0000
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).

Timer A Operation: After timer A is initialized to
$00 by MCU reset, it counts up at every clock input
signal. When the next clock signal is applied afier
timer A becomes $FF, it will generate an overflow
and become $00. This overflow causes the timer A

interrupt request flag (IFTA: $001, bit 2) to go to 1.
This timer can function as an interval timer periodi-
cally generating 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 of timer
B. When the external event input is used as an
input clock signal to timer B, select R35/INT; as
TNT, and set the external interrupt mask (IM1) to
prevent an external interrupt request from occurring.

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 autoreload function is selected timer B

) | Internal bus line (S1)
Timer mode register B
4
TMB (4 bit TL (4 b1 La
Timer latch register
) 43
INT,
i TBOF
( :}—— Tmer BMPX  [or1B T8 8o IFTB
ooyl @ * + ' + ’ ) Interrupt
N YleSiNg S TLR (8 bit) request flag
e o Timer load register B of timer B
ng‘(:f,f’ Prescaler (11 bit) ¥a L 4
[ Internal bus line (S2) |
ol oo MK T §3
+¢+?¢¢$@
y
CPTA TCA (8 bi TAOF
Timer A MPX Tmen 8o IFTA
3 Interrupt
request flag
of timer A
TMA (3 bits)
Timer mode register A

Figure 13 Timer/Counter Block Diagram
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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 at this overflow 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 timer A
clock input, as shown in table 11. The 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 regis-
ter which selects the auto-reload function, the
prescaler divide ratio, or the source of the clock
input signal, as shown in table 12. Timer mode
register B is initialized to $0 by MCU reset.

The operation mode of timer B changes at the sec-
ond 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 config-
uration 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.

PMR: $004

SMR: $005

PMR3|PMR2 |PMR1|PMRO

SMR3|SMR2|SMR1|SMR0

ﬂl N~

*—Transmit clock selection

TMA: $008

R45/SO pin mode selection
R4,/SI pin mode selection
R3y/INT,, pin mode selection
R34/INT, pin mode selection

TMB: $009

R4,/SCK pin mode selsction

TMA2|TMAT1 [TMAD

TMB3|TMB2 {TMB1{ TMBO

\—ﬂ_L/

%/‘_/

L

——Timer-B input clock selection

Timer-A input clock selection

Auto-reload function selection

Figure 14 Mode Register Configuration and Function
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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
time when the high-order digit is read.

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 13).

Timer A Interrupt Mask (IMTA: $001, Bit 3):
The timer A interrupt mask prevents an interrupt

request from being generated by the timer A inter-
rupt request flag (table 14).

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 15).

Timer B Interrupt Mask (IMTB: $002, Bit 1):
The timer B interrupt mask prevents an interrupt
request from being generated by timer B interrupt
request flag (table 16).

Table 11 Timer Mode Register A

Table 13 Timer A Interrupt Request Flag

TMA2 TMA1 TMAO Prescaler Divide Ratio IFTA Interrupt Request

0 0 0 + 2048 0 No

0 0 1 + 1024 1 Yes

0 1 0 +512

0 1 1 +128 Table 14 Timer A Interrupt Mask
1 0 o +32 IMTA Interrupt Request

1 0 1 +8 0 Enabled

1 1 0 +4 1 Disabled (masked)

1 1 1 +2

Table 12 Timer Mode Register B

TMB3 Auto-Reload Function
0 No
1 Yes
Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock input Source
0 0 0 + 2048
0 0 1 +512
0 1 0 +128
0 1 1 +32
1 0 0 +8
1 0 1 +4
1 1 0 +2
1 1 1 INT, {external event input)

B 4496204 004?157 273 HR

Table 15 Timer B Interrupt Request Flag

IFTB Interrupt Request
0 No
1 Yes

Table 16 Timer B Interrupt Mask

IMTB Interrupt Request

0 Enabled

1 Disabled (masked)
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Input/Output

The MCU has 58 I/O pins including 12 high-
current standard pins (15 mA). If an I/O pin is used
as an input pin, output data should be in the state
shown in table 18.

D Port: The D port is an 1/0 port which has 16
discrete 1/0 pins, each of which can be addressed
independently. It can be set/reset through the
SED/RED and SEDD/REDD instructions, and can
be tested through the TD and TDD instructions.
See table 17 for the 1/O pin circuit types.

R Ports: The eleven R ports in the HD4074008 are
composed of 20 1/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 affect-

ed by writing into the input-only and/or non-exist-
ing ports, while invalid data will be read by reading
from the output-only and/or non-existing ports.

The R3;, R3;, R4y, R4, and R4, pins are multi-
plexed with the INT,, INT|, SCK, SI, and SO pins,
respectively. See table 17 for the 1/O pin circuit
types.

Unused I/O Pins: If the I/O pins not used in the
user system are lefi floating the LSI may malfunc-
tion because of noise. The electric potential of the
/O pins should be fixed as follows to prevent
malfunction.

For PMOS open drain output pins, connect the pin
to V¢ on the printed circuit of the user system.

Table 17 /O Pin Circuit Types

Standard Pins

Without Pull-Up MOS

Without Pull-Up MOS

(NMOS Open Drain) Pins (NMOS Open Drain) Pins
/0 pins Dg-Ds, SCK*2
AT | R3¢-R3;, % SCK Qutput
nput data
R4,-Rd,, Vee AT rmodeseiest MOde
R50-R53 + Mode salec
HLT
wdoj ©
Output data
Internal
SCK
Output R6,~R63, Vee SO
pins o R7,—R73, e
ﬁ HLT R8,-R8; HLT
Output data
SO
Input R95-R93 v INT,,
pins cc INT,,
HLT o= Si,
O—— T T30~ input data Ho<t— T St
Input data Input
HLT mode

Notes: 1. In stop mode, HLT is 0 and HLT is 1. 1/O pins are in high impedance.
2. During serial interface interrupt, the SCK pin is an input pin if external clock input mode is

selected.
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For NMOS open drain output pins, connect the pin
to GND on the printed circuit of the user system.
Input pins should be connected to V¢ on the print-
ed circuit of the user system.

R4¢/SCK and R4,/SO should be set to R4; and R4,
by the serial mode register and port mode register,
respectively.

Reset

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

Table 19 shows the components to be initialized by
MCU reset, and the status of each.

Table 17 VO Pin Circuit Types (cont)

Standard Pins

Without Pull-Down MOS

(PMOS Open Drain) Pins
/0 pins Vee D4—D15,
Rt1p—R13,
R2,-R2;
Output R0g-R0;
pins Voo
e
Output data
Input RAg, RA;
pins

O HLT o Input data

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

Table 18 Data Input from Common Input/Qutput Pins

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

Without pull-up MOS Yes 1

{NMOS open drain)

Without puli-down MOS Yes 0

(PMOS open drain)

B 4495204 0047159 Oub N
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Table 19 Initial Values at MCU Reset

ftem Initial Value Contents -

Program counter (PC) $0000 Execute the program from
the top of ROM address
Status flag (ST) 1 Enable branching with conditional
branch instructions
Stack pointer (SP) $3FF Stack level is 0
1/O pins, Standard  NMOS open drain 1 Enable input
output registers  pins {without pull-up
MOS)
PMOS open drain 0 Enable input
(without pull-down
MOS)
Interrupt flags/  Interrupt enable flag (IE) 0 Inhibit all interrupts
mask Interrupt request flag (IF) 0 No interrupt request
Interrupt mask (IM) 1 Mask interrupt request
Mode registers  Posn mode register (PMR) 0000 See Port Mode Register section
Serial mode 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 —
sefialinterface 5o counter A (TCA) $00 —
Timer counter B (TCB) $00 —
Timer load register (TLR) $00 —
Octal counter 000 -

Note: MCU reset affects the other registers as shown in the following table.

After MCU Reset to Recover After MCU Reset to Recover
ltem Abbr from Stop Mode from Other Modes
Carry flag (CA) The contents of the items before  The contents of the items before
Accumulator (A) MQU reset are no_t r-e_ta'lned. MQU reset are no} r'e.ata‘med.
It is necessary to initialize them It is necessary to initialize them
B register (B) by software again. by software again.
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
M 4495204 004?160 &LS WA 299 Hitachi
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Internal Oscillator Circuit

- Figure 15 outlines the internal oscillator circuit. A select the oscillator type. In addition, see figure 16

crystal oscillator or ceramic oscillator can be  for the layout of the crystal or ceramic osciliator.
selected as the oscillator type. Refer to table 20 to

0SCy ( )—
1 1/8 Timing

Oscillator divider generator System
0sC, @

clock

circuit circuit

Figure 15 Internal Oscillator Circuit

B
o *@:-&\\
et R

Figure 16 Layout of Crystal and Ceramic Oscillator
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Table 20 Examples of Oscillator Circuits

Circuit Configuration Circuit Constants

External clock
operation

Oscillator 0SC,

Open 0S8C,
Ceramic oscillator - Ceramic oscillator
of CSA8.00MT
0SC, (Murata)
Ceramic Re: 1 MQ £20%
oscillator % Rf% C4: 30 pF £20%
0SC, Co: 30 pF £20%
Cz
GND
Crystal oscillator — Ry 1 MQ £20%
C, Cy: 10 pF to 22 pF +20%
0sC, Co: 10 pF to 22 pF +20%
Crystal = Crystal: Equivalent circuit
Ri shown at bottom left
¢ 0SC; Co: 7 pF max.
2 Rs: 100 Q max.
GND f: 1 MHzto 9 MHz
AT-cut paraliel

resonance crystal

osc1<—{ L Cs Rs }—»oso2
Co

Notes: 1. Since the circuit constant changes according to the crystal and ceramic resonator and to the stray
capacitance of the board, consult with the crystal or ceramic oscillator manufacture to determine
the circuit parameters.

2. Wiring among OSC,, OSC,, and elements should be as short as possible, and avoid crossing
other wires. Refer to figure 16.
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Operating Modes

The MCU has two low-power dissipation modes,
standby mode and stop mode (table 21). Figure 17
is a mode transition diagram of these modes.

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

timer/counters, and the serial interface remain
working. On the other hand, the CPU stops since
the clock related to the instruction execution stops.
Registers, RAM, and 1/O pins retain the states they
were in just before the MCU went into standby
mode.

the oscillator circuit is active and interrupts,

Table 21 Low-Power Dissipation Modes Function

Condition
Timer/

Low-Power input/ Counters,
Dissipation Osciliator Instruction Registers, Interrupts Qutput Serial Cancellation
Mode Instruction  Circuit Execution Flags Function RAM Pins Interface Method
Standby SBY Active Stop Retained  Active Retained Retained*2 Active RESET
mode instruction input,

interrupt

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

instruction impedance input

Notes: 1. The MCU recovers from the stop mode by RESET input. Refer to table 19 for the contents of the flags and registers.
2. When an I/Q circuit is active, an /O current may flow, depending on the state of the /0 pin in the standby mode. This is
the additional current for current dissipation in the standby mode.

SBY
instruction

STOP
instruction

Interrupt
request

Standby
mode

RESET =1 RESET =0

RESET =1 RESET =1

Figure 17 MCU Operation Mode Transition
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The standby mode may be cancelled by inputting
RESET or by asserting an interrupt request. In the
former case the MCU is reset. If the interrupt
enable flag is 1 when an interrupt request was
asserted, the interrupt is executed; if it is O, the
interrupt request is put on hold and normal instruc-
tion execution continues. In the latter case, the
MCU becomes active and executes the next

instruction following the SBY instruction.

Figure 18 shows the flowchart of the standby
mode.

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.

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

Restart
processor clocks
Execute
Reset MCU instruction

processor clocks

Restart

|

Execute
next instruction

No

<>

Yes

Accept
interrupt

Figure 18 MCU Operating Flowchart in Standby Mode
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The stop mode may be cancelled by resetting the  state it was in just before the MCU went into stop
MCU. At this time, as shown in figure 19, the reset  mode, but the accumulator, B register, W register,

- input must be applied for at least tpc for oscillation ~ X/SPX registers, Y/SPY registers, carry flag, and
to stabilize (refer to the AC characteristics table). serial data register will not retain their contents.
After the stop mode is cancelled, RAM retains the

» Stop mode |

Oscillator mﬂmmm”ﬂmmm « /MWWWWWWWWW
Internal clock || I | U_MMJJJ“ I_L H ﬂ ﬂ H

Jn
R

RESET (« & I—
’ e |
T o tres T
STOP instruction tres 2 tre (stabilization time)
execution
Figure 19 Timing of Stop Mode Cancellation
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Programmable ROM Operation

The HD4074008’s on-chip PROM is programmed
in PROM mode. The PROM mode is set by pulling
TEST, My, and M; low, and RESET high as shown
in figure 20. In the PROM mode, the MCU does
not operate. It can be programmed like a standard
27256 EPROM using a standard PROM program-
mer and a 64-t0-28-pin socket adapter, Table 23
lists recommended PROM programmers and socket
adapters.

Since an instruction of the HMCS400 series con-
sists of 10 bits, the HMCS400-series microcom-
puter incorporates a conversion circuit to be used
as a general purpose PROM programmer. By this
circuit, an instruction is read or programmed using
two addresses, the lower 5 bits and upper 5 bits.
For example, if 8 kwords of on-chip PROM are
programmed by a general purpose PROM program-
mer, 16 kbytes of addresses ($0000-$3FFF) should
be specified.

Programming and Verification
The HD4074008 can be programmed at high speed
without causing voltage stress or affecting data

reliability.

Table 22 shows how programming and vereifica-
tion modes are selected.

Erasing

The PROMs with ceramic window packages can be

erased by ultraviolet light. All erased bits become 1s.

Erasing conditions require an ultraviolet light of
wavelength 2537 A with a minimum irradiation of
15 W-sec/cm?2, These conditions are satisfied by
exposing the LSI to a 12,000-uW/cm2 UV source
for 15 to 20 minutes at a distance of 1 inch.

Precautions

1. Addresses $0000 to $3FFF should be specified
if the PROM is programmed by a PROM pro-
grammer. If addresses of $4000 or higher are
accessed, the PROM may not be programmed or
verified. Note that the plastic package type can-
not be erased and reprogrammed. Data in
unused addresses should be set to $FF.

(Only ceramic window packages can be erased
and reprogrammed.)

2. Make sure that the PROM programmer, socket
adapter, and LSI match properly. Using the
wrong programmer for the socket adapter may
cause an overvoltage and damage the LSI. Make
sure that the LSI is firmly fixed in the socket
adapter, and that the socket adapter is firmly
fixed to the programmer.

3. The PROM should be programmed with Vpp =
12.5 V. Other PROMs use 21 V. If 21 V is
applied to the HD4074008, the LSI may be per-
manently damaged. 12.5 V is the voltage for
Vpp of Intel’s 27256.

Table 22 PROM Modes Selection

Pin
Mode CE OE Vpp 040,
Programming Low High Vpp Datainput
Verify High Low Vpp Data output

Programming  High High Vpp High
inhibited impedance
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Table 23 PROM Programmers and Socket Adapters

- PROM Programmer

Socket Adapter
Maker Type Name Maker Type Name Package
DATA I/0 22B Hitachi HS408ESS11H DP-64S
29B DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
AVAL Corp. PKW-1000 Hitachi HS408ESS21H DP-64S
PKW-7000 DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
Vee
Vee 7
v
| RESET °°
TEST
Mg
My
Ver 5 Data
00, ——>
0—~7 00 _07
RSo/Vpp AcAn|<— Address
Ag-Ais
OEf«——0OE
CEf=——CE
GND

il

B 4496204 0047167 112 WM

Figure 20 PROM Mode Connection Diagram
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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) 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 mem-
ory 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,3 to PCy) with 14-bit immediate data.

Current Page Addressing Mode: The MCU has 8
pages of ROM with 256 words per page. By exe-
cuting 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 (PC, to PCy) with 8-bit immediate data.

B 449L204 0047168 059 WA

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-$003F. When the CAL instruction is exe-
cuted, 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
(PC13 to PCG)

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

P Instruction: ROM data addressed by table data
addressing can be referenced by the P instruction
(figure 24). When bit 8 in the referred ROM data is
1, 8 bits of ROM data are written into the accumu-
lator 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
counter.
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- W register X register Y register
ral N

N —

WiiWo | Xa | X | X | Xo| Y| Y| Y| Yo

RAM address |APg|APg|AP;|APG|AP5|AP 4 |AP4 AP, IAP, (AP,

Register Indirect Addressing

Instruction 1st word Instruction 2nd word

Opcods dg |dg | d7 dg | ds | dg4 | d3 d, |dy |dg

1 1 ) !

RAM address Apg APg AP, APg|AP5 AP, AP3 AP2 AP, APy

Direct Addressing

Instruction

Opcode mz [ma [m; [mg
L 1 L

L

o 0 0 0 1 O
I I I r

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

Memory Register Addressing

Figure 21 RAM Addressing Modes
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[JMPL)
[BRL)
[CALL] Instruction 1st word Instruction 2nd word
T T T T T T T T ANa T T T T T T T T T —
. Opcode Ps P2 Py Po|dy dg d; dg d5 d, dy dp d; d
T T T T T T T T ‘ T ‘ 1 ’ T T ‘ T
Program counter |PC,;PC,, PC,,PC,, PCq PC4 PC, PC4 PC5 PC, PC4 PC, PC, PC,
Direct Addressing
Instruction
Ve r , ; . . . v . I
[BR][Opcode (b, bg bs b, by b, b, b,
Program counter |PC,;PC,, PC,,PC,, PCy PC4 PC, PC4 PC5 PC, PC, PC, PC, PC,
Current Page Addressing
Instruction
c T T T T T T T T
[CAL] Opcode ag a, a3 a, a; a,
o 0 0 0 O 0 0 0
S A N N K N N NN UK N T A 2
Program counter |PC,; PC,, PC,,PC,, PC4 PCq4 PC; PC4 PC5 PC, PC4 PC, PC, PC,
Zero Page Addressing
Instruction
T T T T T T T T -
[TBR] . . Opcode Ps P2 Py Pg
B register Accumutator
- T T T - T T T _—
By B, By BylA; A, A, A,
!
Program counter |PC,3PC,, PC,,PC,, PCq PCg PC; PC4 PC5 PC, PC4 PC, PC, PC,
Table Data Addressing
Figure 22 ROM Addressing Modes
W 4496204 0047170 707 HA 239 Hitachi
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N
|

266(n— 1) + 255

[' BRAAA | 256n
AAA NOP

1 BRAAA 256n + 254
—r BR BBB 256n + 255
256(n + 1)
“» BBB NOP
Figure 23 BR Instruction Branch Destination on a Page Boundary
Instruction
T T T T T ¥ T T -
(P . lOpc‘ode . \ P3 . P2 ) Py . Po B register Accumulator
Y Y
By By By Bg{Az A, A, A,
0 o i 1 1 1 1 1
¢ - l S |

T T T

Referred ROM address [RA,3RA;;RA, RA;,RAq RAg RA, RA RA5 RA, RA, RA, RA, RA,

Address Designation

ROMdata  [ROy ROg RO, RO, RO5 RO, RO; RO, RO, RO,

Py v bbb

Accumulator, B register |B; B, B, Bg|{Az; A, A; Ay|lROg=1

ROMdata  |RO, ROy RO; ROs RO5 RO, RO3 RO, RO, RO,

T LT T 1117

Output registers R1, R2 [R2; R2, R2, R2,|R1; R1, R1, Ri,| f ROg =1

Pattern

Figure 24 P Instruction
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Absolute Maximum Ratings

ftem Symbol Value Unit Note
Supply voltage Veo ~0.3t0 +7.0 \)
Programming voltage Vpp -0.310 +14 Vv 1
Pin voltage Vy -0.3t0 Vg + 0.3 A 2
Total permissible input current 2y 50 mA 3
Maximum input current ly 15 mA 56
Maximum output current =l 4 mA 6,7
6 mA 7,8
30 mA 7,9
Total permissible output current 2l 150 mA 4
Operating temperature Topr -20t0 +75 °C
Storage temperature Tstg ~55to +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 exceed-
ed, the LS| may matfunction or the reliability may be affected.
All voltages are with respect to GND.

1. Applied to R9g (Vpp).
2. Standard pins.

3. Total permissible input current is the total sum of input currents which flow in from all /O pins to

GND simultaneously.

4,
to all 1O pins simultaneously.
5.
6. Dg-D5 and R3-R8.
7.
8. RO-R2.
8. D,Dys

B 4496204 004?l7e 58T W
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Total permissible output current is the total sum of the output currents which flow out from Vg
Maximum input current is the maximum amount of input current from each I/O pin to GND.

Maximum output current is the maximum amount of output current from Ve to each VO pin.
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Electrical Characteristics

- DC Characteristics (Vo =5V £10%, GND = 0 V, T, = -20°C to +75°C, unless otherwise specified)

tem Symbol Pin Min Typ Max Unit Test Condition Notes
Input hlgh VIH &SET. SCK. O'BVCC —_ Vcc +03 V
voltage INT, INT,
OSC1 VCC -05 - VCC +03 V
Sl 0'7VCC _— VCC +03 V
Input low Vi RESET,SCK, -0.3 - 0.2V \
voltage INT, INT,
08C; -0.3 - 0.5 v
Sl 03 — 0.3Vee v
Output high VoH 8CK, 50 Vegec-10 — _ A =-loy=1.0mA
voltage
Ve -05 — — % ~loy = 0.5 mA
Output low VoL 8CK, SO _ N 0.4 v loL=1.6mA
voltage
Input/output [ RESET, SCK, — — 1 BA Vi =0VioVee
leakage INTy, INT,
currsnt 0sC4, 81, SO
Current lcc Vee —_ — 45 mA  Vge=5V 2,4
dissipation in
active mode
Current Isgy Vee — — 1.7 mA  Maximum logic 3, 4
dissipation in operation
standby mode Veg=5V
Current IsToP Vee — - 10 HA Vin(TE T) =
dissipation in Vg —-0.3Vio
stop mode Vee: VinReseT)
=0Vio 03V
Stop mode VSTOP VCC 2 — —_ V'

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 ot flow.
+ MCU in reset state, operation mode
+ RESET, TEST: V¢
* Dg-D3, R3-R9: Vcc
* D4-Dys5, RO—-R2, RAg, RA{: GND
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: Vo
DO—D3, R3-R9: Vcc
D4'—D15, RO—R2, RAo, RA1Z GND
4. When fagc = x MHz, estimate the current dissipation as follows:
Maximum value at x MHz = (x/8) x (max. value at 8 MHz)

s o o @
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Input/Output Characteristics for Standard Pins: NMOS Open Drain (Vo =5V +10%, GND =0 V,

T, = =20°C to +75°C, unless otherwise specified)

item Symbol Pin Min Typ Max Unit Test Condition Note
|nput hlgh V|H Do—Da, 0'7VCC —_ VCC +0.3 \
voltage R3-R5,

Ro9
Input low V"_ DU—DG' -0.3 - O'SVCC \
voltage R3~R5,

R9
Output low VoL Do—Ds, -— —_ 0.4 \ IOL =1.6 mA
voltage R3-R8
Inputioutput | 1y | DD, — — 1 WA Vip=0VioVge 1
leakage current R3-R8,

R9,-R9Y,

Rgo — -_ 20 LLA Vin =0Vto Vcc 1

Note: 1. Output buffer current is excluded.

Input/Output Characteristics for Standard Pins: PMOS Open Drain (Voo =SV £10%, GND =0 V,

T, =-20°C to +75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high VIH D4—D1 5 0.7Vcc —_ VCC +03V
voltage Rt, R2,
RA,, RA,
Input low V||_ D4—D15. 0.3 bt O'SVCC \
voltage R1, R2,
RAq. RA,
Output hlgh VOH D4—D15 VCC -3.0 —_ —_ \ —IOH =15mA
voltage Veg-20 — — V. -loy=10mA
Vcc -1.0 _— —_ \ _IOH =4 mA
Ro-R2 Vegg-30 — — \' —loy=3mA
VCC -20 — —_ \ _'OH =2 mA
VCC -1.0 —_ —_ \ _IOH =0.8 mA
Input/output [ he | D4Dys, — — 1 pA Vin=0VtoVge 1
leakage RO-R2,
current RAj, RA4

Note: 1. Output buffer current is excluded.

M 449L204 004?174 352 WN

243 Hitachi

.




HD4074008

AC Characteristics (Voc =5V 110%, GND =0 V, T, = -20°C to +75°C, unless otherwise specified)

- item Symbol Pin Min Typ Max Unit Test Condition  Note
Oscillation fosc 0S8C,,08C, 04 8 9 MHz Divide by 8
frequency
Instruction teye 0.89 1 20 us Divide by 8
cycle time
Oscillator tRe 0sC,,08C, — — 20 ms 1
stabilization
time
External clock  topy, 0SC, 41 — - ns Divide by 8 2
high and low topL
widths
External clock  top, 0S8C;4 — — 15 ns Divide by 8 2
rise time
External clock  tcps 0SC, — —_ 15 ns 2
fall time
INT, high width  ty4 INTq 2 — — toye 3
INT, low width  t,_ INTq 2 — — teye 3
INT, high width  t) INT, 2 —_ — teye 3
INT{ low width  t,_ INT, 2 — — teye 3
RESET high trsTH RESET 2 — - teye 4
width
Input Cin All pins — — 15 pF f=1MHz,
capacitance Vihn=0V
RESET fall time  tggys —_ — 20 ms 4

Notes: 1. The oscillator stabilization time is the 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 tr¢ to meet the necessary time
for oscillator stabilization. Since tpe depends on the crystal or ceramic oscillator’s circuit constant
and stray capacitance, consuit with the crystal or ceramic oscillator manufacturer when designing
the reset circuit.

2. See figure 25.
3. See figure 26.
4. See figure 27.
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Serial Interface Timing Characteristics (Ve =5 V £10%, GND =0 V, T, ==20°C to +75°C, unless
otherwise specified)

During Transmit Clock Output

Item Symbol Pin Min Typ Max Unit Test Condition Notes
Transmit clock tseye SCK 1 —_ - teye 1,2
cycle time

Transmit clock t5CKH: SCK 0.5 — — tscye 1,2
high and low tscke

widths

Transmit clock tsck 8CK —_ — 100 ns 1,2
rise and fall times tscks

Serial output data tpso SO — — 250 ns 1,2
delay time

Serial input data tssi 81 300 — — ns 1
setup time

Serial input data ths Si 150 - — ns 1
hold time

Notes: 1. See figure 28.
2. See figure 29.

During Transmit Clock Input

item Symbol Pin Min Typ Max Unit  Test Condition Notes
Transmit clock tseye SCK 1 teye 1
cycle time

Transmit clock tSCKH: SCK 0.5 tseye 1
high and low tsoKL

widths

Transmit clock tsckrs SCK 100 ns 1
rise and fall times tsckr

Serial output data tvso SO 250 ns 1,2
delay time

Serial input data tssi ] 300 ns 1
setup time

Serial input data thsi Si 150 ns 1
hold time

Notes: 1. See figure 28.
2. See figure 29.
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-
Vee - 0.5V + tcPH tepL
0S8C,4 0.5V B : .l

_— |

[ e

tcpr tops

Figure 25 Oscillator Timing

08V
iNT,, INT, ce o tu N o f
0.2Vee 7L jt 7L
Figure 26 Interrupt Timing
0.8Vee 7L tRSTH Jr
RESET 0.2Vee \
= [*trsTt

Figure 27 Reset Timing
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tScyc |
tsckd - ] tsckr
_ tsckL
« Voo-20V 0BVeo) /| r—\—

08V (0.2Vee)* . A
—= tpso

Voo -2

. cc-20V
08V
tssi tHsi

=
S| < > i" 0.7Vgo B
0.3Vee b,

Note: * Vg ~ 2.0V and 0.8 V are the threshold voltages for transmit clock output.
0.8V and 0.2V¢c are the threshold voltages for transmit clock input.

.

Figure 28 Timing of Serial Interface

Vee
RL=26kQ
Test
point
c R 182074@
or equivalent
12 kQ
30 pF
Figure 29 Timing Load Circuit
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