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HD404302/HD404304/

HD4074308

Description

The HD404302, HD404304, and HD4074308
are CMOS 4-bit single-chip microcomputers
basically equivalent to the HMCS400 series,
providing high programming productivity,
high speed operation, and low power dissi-
pation. They incorporate ROM, RAM, I/O, A/D
converter, 2 timer/counters, including high
voltage I/0 pins to drive fluorescent display
tubes directly.

The HD404302 and HD404304 are mask ROM
versions.

The HD4074308 is a PROM version (ZTAT™
microcomputer).

Features

® 2048-word x 10-bit ROM (mask ROM
version, HD404302)
4096-word x 10-bit ROM (HD404304)
8192-word X 10-bit ROM (ZTAT™ vyer-
sion)
® 160-digit X 4-bit RAM
® 331/0 pins, including 25 high-voltage I/0O
pins (40 V max.)
® Two timer/counters
—11-bit prescaler
—8-bit timer (free-running timer/watch-
dog timer)
—8-bit timer (auto-reload timer/event
counter)
® Five interrupt sources
—Two by external sources
—Two by timer/counters
—One by A/D converter

4-channel X 8-bit A/D converter
Two tone generator outputs
Subroutine stack, up to 16 levels including
interrupts
® Two low-power dissipation modes
—Standby mode
—Stop mode
® On-chip oscillator
—Crystal or ceramic filter
—External clock
® Package
—42-pin plastic DIP (DP-42)
—42-pin ceramic DIP with window (DC-
42)
—42-pin plastic shrink DIP (DP-428S)
—44-pin flat plastic package (FP-44A)
—54-pin flat plastic package (FP-54)
® Instruction cycle time: 2ys (fosc = 4 MHz)

Ordering Information

Product ROM

Type Number (Words) Package

Mask ROM HD404302P 2,048 DP-42
HD404302S DP-42S
HD404304P 4,096 DP-42
HD404304S DP-42S
HD404304A" FP-44A*
HD404304F* FP-54*+

ZTAT™ HD4074308P 8,192 DP-42
HD4074308S DP-42S
HD4074308C* DC-42*
HD4074308F* FP-54*+

Note: *Under development
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Pin Arrangement
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Pin Description

Pin Number Pin Number
DP-42, DP-42,
DP-42S, DP-42S,
DC-42 FP-54 FP-44A PinName 1/0 DC-42 FP-54 FP-44A Pin Name I/0
1 1 39 Do 1/0 28 37 24 RESET I
2 2 40 D,1/TGo i/0 29 38 25 TEST I
3 3 41 D42/TG, I 30 39 26 0sC, I
4 4 42 RA;/Vyisp I 31 40 27 0SC, 0
5 5 43 ROg 1/0 32 41 28 Vee
6 9 1 RO, 1/0 33 42 29 Do 1/0
7 10 2 RO, 1/0 34 43 30 D, 1/0
8 11 3 RO 1/0 35 44 31 D, 1/0
9 12 4 Rio 1/0 36 45 32 Ds I/0
10 13 5 R1, 1/0 37 46 33 D, 1/0
11 14 6 R1, 1/0 38 50 34 Ds 1/0
12 15 7 R1, 1/0 39 51 35 De 1/0
13 16 8 R2, 1/0 40 52 36 D, 1/0
14 17 9 R2, I/0 41 53 37 Ds 1/0
15 18 10 R2, 1/0 42 54 38 Ds 1/0
16 19 11 R2; 1/0 - 6 22 NC
17 23 12 R3, 1/0 - 7 44 NC
18 24 13 R3, 1/O - 8 - NC
19 25 14 R3,/INT, 1/0 - 20 - NC
20 26 15 R34/INT, 1/0 - 21 - NC
21 27 16 GND - 22 - NC
22 28 17 AVce - 33 - NC
23 29 18 R4o/AN, 1/0 - 34 - NC
24 30 19 R4,/AN; 1/0 - 35 - NC
25 31 20 R4,/AN, 1/0 - 47 - NC
26 32 21 R43/AN; 1/0 - 48 - NC
27 36 23 AVgg - 49 - NC

NC: No connection
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Pin Functions
Power Supply

Vce: Apply power supply voltage to this pin.
GND: Connect to ground.

Vaisp: This pin, multiplexed with RA,, is for
the power supply of the high-voltage output
pins with a maximum voltage of Voc-40 V. For
details, see the Input/Output section.

AVcc, AVgs: Power supply pins for the A/D
converter.

TEST: Non-user pin. Connect this pin to Vec.

RESET: MCU reset pin. For details, see the
Reset section.

Oscillators

OSC,;, OSC,: Input pins for the internal oscil-
lator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuit. For details, see the
Internal Oscillator Circuit section.

Ports
Dy-Dy; (D Port): Input/output port addres-
sed by its bits. These 13 pins are all high-

voltage input/output pins. The circuit type
for each pin can be selected using a mask

452

option. For details, see the Input/Output sec-
tion.

R0,-R0;,R1,-R1;,R2,-R2;,R3,-R3;,R4,-
R4;,RA; (R Ports): RO to R4 are 4-bit I/O
ports. RA is a 1-bit input-only port. The pins of
RO-R2 and RA, are high-voltage pins, and the
pins of R3-R4 are standard pins. R3, and R3;
are multiplexed with INT, and INT,, respec-
tively. For details, see the Input/Output sec-
tion.

Interrupts

INT,, INT;: External interrupt pins. INT; can
be used as an external event input pin for
timer B. INT, and INT, are multiplexed with
R3, and R3;, respectively. For details, see the
Interrupt section.

Tone Generator

TGy, TG,: Tone generator output pins. These
pins are high-voltage pins multiplexed with
D;; and D,,, respectively.

A/D Converter

AN,-AN; (AN Port): A/D converter input
port. ANy-AN, are multiplexed with R4,-R4;,
respectively. For details, see the A/D Con-
verter section.
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Block Diagram
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Memory Map
ROM Memory Map

The ROM is described in the following para-
graphs with the ROM memory map in figure
1.

Vector Address Area (S0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
the interrupt programs. After a reset or an
interrupt, program execution continues from
the vector address.

Zero-Page Subroutine Area (S0000 to

S003F): Locations $0000 through $003F are
reserved for subroutines. The CAL instruction
branches to these subroutines.

Pattern Area (S0000 to SO7FF: HD404302;
S0000 to SOFFF: HD404304, HD4074308):
Locations $0000 through $07FF or $0FFF are
reserved for ROM data. The P instruction
allows reference to ROM data as a pattern.

Program Area (S0000-S07FF: HD404302;
S0000-SOFFF: HD404304; S0000-S1FFF:
HDA4074308): Locations from $0000 to $1FFF
can be used for program code.

0 $0000 0| JMPL instruction $0000
Vector address 1 (jump to reset routine) $0001
15 $O00F 2 | JMPL instruction $0002
16 j INT, i ]
Zero-page subroutine $0010 j (jump to !NTO roytlne) $0003
(64 words) e - JMPL ;:Is;ructloh | $0004
63 $003F . (lqu;;i- 1 rogtme) $0005
64 $0040 B A instruction ] $0006
7 (jump to timer A routine) $0007
Program pattern g i 4 JMFL_instruction' _ $0008
(2048 words) (jump to timer B routine) $0009
10 | JMPL instruction $000A
1 . .
2047 For HD404302 |$07FF 1; {iump to A/D routine) $0008
2048 $0800 H000C
Program pattern 13 $000D
(4096 words) 14 $000E
15 $000F
For HD404304
4095 and HD4074308 [$0FFF
4096 $1000
| Program
{8192 words)
8191 For HD4074308 |$1FFF
8192 $2000
Not used
16383 $3FFF
Figure1 ROM Memory Map
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RAM Memory Map

The MCU contains a 160-digit X 4-bit RAM as
the data and stack area. In addition to these
areas, interrupt control bits and special func-
tion 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 (S000 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 (S004 to
$034): The special function registers are the
mode or data registers for external interrupt,
A/D conversion, and the timer/counters, and
are the I/O port data control registers. 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 manipulation instructions. How-
ever, WDON ($020) can be accessed only by
those bit instructions.

Data Area ($040 to SO9F): The 16 digits of
$040 through $04F are called memory regis-
ters (MR) and are accessible by the LAMR
and XMRA instructions (figure 4).

Stack Area ($3CO0 to S3FF): Locations $3C0
through $3FF are reserved for the stack area
to save the contents of the program counter
(PC), status flag (ST), and carry flag (CA)
when subroutine calls (CAL and CALL
instructions) and interrupts are processed.
This area can be used as a 16-level nesting
stack in which one level requires 4 digits.
Figure 4 shows the save condition. The pro-
gram counter is restored by the RTN and
RTNI instructions. The status and carry flags
are restored only by the RTNI instruction.
This area, when not used as a stack, is avail-
able as a data area.
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o} $000 0 $000
RAM-mapped registers 1 . $001
Interrupt control bits area
$O3F 2 $002
Memory registers (MR) $040 3 $003
(16 digits) 04F 4] Port mode register A (PMRA) w  |$004
§050 5| Port mode register B (PMRB) W |$005
Data (80 digits) 6 Not used $006
$99F 7 Not used $007
$0A0 8| Timer mode register A (TMA) W |$008
9| Timer mode register B (TMB) W |$009
10 *_ (TCBL/TLRL) | R/W |$00A
Not used 1 Timer B (TCBU/TLRU) | RAW |$00B
12| A/D mode register (AMR) w  |$00C
$3B\F 13| A/D data register lower (ADRL) R [$00D
$3CO 14| A/D data register upper (ADRU) R $00E
Stack (64 digits) A/D port select register (ADPR) W {$00F
1023 $010
Not used
$O1F
$020
. . $021
Special flag bits area $022
$023
$024
Not used
$032
Port R3 DCR (DCR3) w $033
Port R4 DCR (DCRA4) W |$034
* Two registers are mapped on the $035
same address.
TCBL: Timer counter B lower
TCBU: Timer counter B upper
TLRL: Timer load register B lower Not used
TLRU: Timer load register B upper
W: Write only
R: Read only
R/W: Read/Write
63 $O3F

Figure 2 RAM Memory Map
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Bit 3 Bit 2 Bit 1 Bit O
IMO IFO
0 v o RSP . IE $000
(IM of INTy) (IF of INTy) (Reset SP bit) (Interrupt enable flag)
1 IMTA IFTA M1 IF1 $001
(IM of timer A) (IF of timer A) (IM of INT,) (IF of INT,)
2 IMAD IFAD IMTB IFTB $002
(IM of A/D) (IF of A/D) (IM of timer B) (IF of timer B)
3 Not used Not used Not used Not used $003

IF: Interrupt request flag
IM: Interrupt mask
IE: Interrupt enable flag
SP: Stack pointer
Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMD instruction, and tested
by the TM/TMD instruction. Other instructions have no effect. Furthermore, the interrupt request flag is not affected by the
SEM/SEMD instruction.
The contents of the status flag become invalid when unusable bits and the RSP bit are tested by the TM or TMD instruction.

Bit 3 Bit 2 Bit 1 Bit 0
32 Not used Not used (Watcmigo r;n flag) (A/DAS?.':IS: flag) $020
$021
Reserved $022
$023

Note: The WDON flag can be used by the SEM/SEMD instruction, and reset by MCU reset.
ADSEF stays high during A/D conversion and becomes low after A/D conversion.

Figure 3 Configuration of Interrupt Control Bits Area

PC,3; to PCo: Program counter

Memory registers Stack area ST: Status flag

64 | MR(0) $040 960 | Level 16 | $3CO CA: Carry flag

65 | MR(D | $041 Lovel 15 Notes: 1. Since the HD404302 has a 2 K ROM,
66 | MR(2) $042 Level 14 PCi1, PCy2, and PC;3 are not used.

67 | MR(3) | $043 Level 13 2. Since the HD404304 has a 4 K ROM,
68 | MR(4) $044 Level 12 PC,, and PC,3 are not used.

69 | MR(5) $045 Level 11 3. Since the HD4074308 has a 8 K ROM,
70 | MR(6) | $046 Level 10 PCi3 is not used.

71 [ MR(7) | $047 Level 9 Bit 3 Bit 2 Bit 1 Bit O

72 | MR(8) $048 Level 8 - — _

73| MR(9) | $049 Level 7 1020 ST PCis PCi2 PCiy | $3FC
74 | MR(10) | $04A Level 6 — — — —

75 | MR(11) | $04B Level 5 10211 PCio PCo PCs PC; | $3FD
76 | MR(12) | $04C Level 4 — - -

77 [Mr13) | s04p vl 3 1022| CA PCe PCs PC, |$3FE
78 | MR(14) | $04E Level 2 N _ - _

79| MR(15) | $O4F 1023 | Level 1 | $3FF 1023 | PG, PC2 PC PCo | $3FF

Figure 4 Configuration of Memory Registers, Stack Area, and Stack Position
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Functional Description
Registers and Flags

The MCU has nine registers and two flags for
CPU operations. The following paragraphs
describe the registers and flags shown in
figure 5 in detail.

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results
from the arithmetic logic unit (ALU) as well
as the transfer data between memory, 1/0,
and other registers.

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

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

Carry Flag (CA): The carry flag (CA) indi-
cates an overflow generated from the ALU
during arithmetic operation. It is also affected
by the SEC, REC, ROTL, and ROTR instruc-
tions. A carry is pushed onto the stack during
an interrupt, and popped off the stack by the
RTNI instruction. This flag is not affected by
the RTN instruction.
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Status Flag (ST): The status flag (ST) indi-
cates an ALU overflow and ALU non-zero
during arithmetic or compare instructions,
and the result of a bit test instruction. More-
over, the status flag controls branching
caused by the BR, BRL, CAL, or CALL
instruction. Whether these instructions are
executed or skipped, the status flag is always
set to 1. The state of this flag remains un-
changed until the next arithmetic, compare,
bit test, or branch instruction is executed.
During an interrupt, ST is pushed onto the
stack, and popped off the stack by the RTNI
instruction. This flag is not affected by the
RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which holds
the address of the next program instruction
to be executed.

Stack Pointer (SP): The stack pointer (SP) is
a 10-bit register which indicates the next
stack address. This pointer, which is initial-
ized to $3FF, is decremented by 4 when data
is pushed onto the stack, and is incremented
by 4 when data is popped off the stack. The
highest four bits are fixed to 1111, which
allows the pointer to indicate up to 16 levels
of subroutines. The stack pointer is initialized
when the MCU is reset or the RSP bit ($000,
bit 1) is reset by the REM or REMD instruc-
tion.
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13

B register

W register

3
3 0
3 0
SPX SPX register
3 ¢}
SPY SPY register

Carry flag

ST | Status flag

o.

[ PC

1 Program counter

0

(T

SP l Stack pointer

Figure 5 Registers and Flags
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Interrupts

Five interrupt sources are available on the
MCU: external requests (INT,, INT,), timer/
counters (timer A, timer B), and A/D. For each
source, the interrupt request flag (IF), inter-
rupt mask (IM), and interrupt vector addres-
ses are provided to control and maintain the
interrupt request. The interrupt enable flag
(IE) is also used to control interrupt opera-
tions.

Interrupt Control Bits and Interrupt
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions. However, 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 after 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. The interrupt
request is generated when the IF is set to 1
and IM is 0. If the IE is 1 at this time, the
interrupt will be activated and vector ad-
dresses will be generated from the priority
PLA corresponding to the interrupt sources.

Figure 7 shows the interrupt processing
sequence, and figure 8 shows the interrupt
processing flowchart. If an interrupt is re-
quested, the instruction being executed fin-
ishes 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
instruction to branch to the starting address
of the interrupt program. The IF which
caused the interrupt must be reset by soft-
ware in the interrupt program.

Table 1 Vector Addresses and Inter-
rupt Priority
Reset/Interrupt Priority Vector Addresses
RESET — $0000
INT, 1 $0002
INT, 2 $0004
Timer A $0006
Timer B $0008
A/D 5 $000A

Table 2 Interrupt Conditions

Interrupt Control Bit INT, INT, Timer A Timer B A/D
IE 1 1 1 1 1
IFO - IMO 1 o} 0 0 0
IF1 - IMT * 1 o] 0 0
IFTA - IMTA * * 1 0 0
IFTB - IMTB * * * 1 0
IFAD - IMAD * * * * 1

*: Don’t care
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$ 000,0

Sequence control

- Push PC/CA/ST
>—— « Reset |E

» Jump to vector

E address

$000,2 P
IFO

$000,3

IMO |

» Vector
address

Priority control logic

$001,0
IF1

$001,1
M1

$001,2
IFTA

$001.3
IMTA

11

$002,0
IFTB

$002,1
IMTB

$002.2
IFAD

$002,3 D_—

IMAD

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

Figure 6 Interrupt Control Circuit Block Diagram
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Instruction
cycles
1 2 3 4 5 6
k 1 i Il i
I T ! 1 T
Instruction
execution
| Stacking Stacking:
acking
nterrupt " fgl E vector address
reset Of
accepted is generated
JMPL instruction execution on the
vector address
Instruction

execution at
starting address
of the interrupt
routine
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Figure 7 Interrupt Processing Sequence
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Power
on
Ressy\qo
Yes
Interrupt Yes
request
'7/
No
No E=17?
Yes
Y
Reset MCU Execute instruction Accept interrupt
PC—(PC) +1 IE—0
Stack—(PC)
Stack<(CA)
Stack«<(ST)
INT,
Yes 0
fr—1 PC—$0002 interrupt
?
No
INT
Yes 1
PC—$0004 interrupt
?
No
Yes Timer A
PC+—$0006 interrupt
?
No
Yes Timer B
PC+-$0008 interrupt
?
No
PC+$000A
(A/D interrupt)

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

External Interrupts (INT;, INT,;): The
external interrupt request inputs (INT,, INT,)
can be selected by port mode register A
(PMRA: $004) (figure 10).

The external interrupt request flags (IFO, IF1)
are set at the falling edge of INT, and INT,
inputs, respectively.

The INT, input can be used as a clock signal
input to timer B. Timer B is incremented at
each falling edge of the INT,. When using
INT, as the timer B external event input, the
external interrupt mask (IM1) must be set so
that the interrupt request by INT,; will not be
accepted. Figure 9 shows the interrupt mode
register.

External Interrupt Request Flags (IFO:
$000, Bit 2; IF1: S001, Bit 0): The external
interrupt request flags (IF0, IF1) (figure 9) are
set at the falling edge of the INT,; and INT,;
inputs, respectively.

External Interrupt Masks (IMO: $S000, Bit
3; IM1: $001, Bit 1): The external interrupt
mask bits (figure 9) mask an interrupt request
caused by the external interrupt request
flags.
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Port Mode Register A (PMRA: $004): Port
mode register A is a 4-bit write-only register
which controls the R3,/INT, pin and R3;/INT,
pin as shown in figure 10. Port mode register
A will be initialized to $0 by MCU reset.

Timer A Interrupt Request Flag (IFTA:
$001, Bit 2): The timer A interrupt request
flag (figure 9) is set when an overflow occurs
in timer A.

Timer A Interrupt Mask (IMTA: 001, Bit
3): The timer A interrupt mask bit (figure 9)
masks an interrupt request caused by the
timer A interrupt request flag.

Timer B Interrupt Request Flag (IFTB:
$002, Bit 0): The timer B interrupt request
flag (figure 9) is set when an overflow occurs
in timer B.

Timer B Interrupt Mask (IMTB: $002, Bit
1): The timer B interrupt mask bit (figure 9)
masks an interrupt request caused by the
timer B interrupt request flag.

A/D Interrupt Request Flag (IFAD: $002,
Bit 2): The A/D interrupt request flag (figure
9) is set when an A/D conversion is complet-
ed.

A/D Interrupt Mask (IMAD: S$S002, Bit 3):
The A/D interrupt mask bit (figure 9) masks
an interrupt request caused by the A/D
interrupt request flag.
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L

|

li Not used

Bit3 | Bit2 | Bit1 { BitO | : $000
RSP Interrupt enable flag I O | Disable
1 Enable
INT, interrupt request flag IFO 0O | No interrupt request
1 Interrupt requested
INT, interrupt mask MO O | Interrupt request enabled
1 | Interrupt request masked
Bit3 [ Bit2 | Bit1 | BitO | : $001
Interrupt request
[iN T, interrupt request flag IF1 0! No
1| Yes
INT; interrupt mask 1 0| Enable
1 | Disable (Mask)
Ti A int t request fla 0| No
imer A interrupt requ g (ETA
1} Yes
Timer A interrupt mask 0| Enable
IMTA -
1 | Disable {(Mask)
Bit3 | Bit2 | Bit1 | BitQ | : $002
Interrupt request
Ti B int t t fl Ol N
L imer B interrupt request flag IFTB o
1] Yes
Timer B interrupt mask O | Enable
IMTB
1| Disable (Mask)
A/D inte t request fla O N
/D interrupt requ g IFAD o
1| Yes
A/D interrupt mask 0| Enable
IMAD -
1| Disable (Mask)
Figure 9 Interrupt Control Bits
Bit3 | Bit2 | Bit1 | BitO Port mode register A (PMRA: $004)

0| R3,1/0 pi
Bit 2 2 /0 pin

1| INTy input pin

0| R3;31 i
Bit 3 5 1/0 pin

1 INT; Input pin

This Materi al

Figure 10 Port Mode Register A
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Timers

The MCU contains a prescaler and two timer/
counters (timers A and B) as shown by the
block diagram in figure 11.

Prescaler: The input to the prescaler is the
system clock signal. The prescaler is initial-
ized to $000 by MCU reset or by setting bit 3
of timer mode register A (TMA: $008) when
the watchdog timer on flag (WDON: $020, bit
1) is O, after which the prescaler starts to
divide the system clock. It continues opera-
tion until MCU reset or stop mode occurs.

The pulse frequency of timer A input clock,
timer B input clock, and the tone generator
outputs (TG, TG,) are selected among pres-
caler outputs by timer mode register A (TMA:
$008), timer mode register B (TMB: $009), and
port mode register B (PMRB: $005), respec-
tively.

After MCU reset, WDON is 0. Thus, when
timer A is reset by setting bit 3 of timer mode
register A (TMA) when the watchdog timer is
off, the prescaler is also reset, which affects
the operation of timer B and the tone gener-
ator outputs (TG, TG;). Consequently, the
program should control these conditions.

Timer A operation: Timer A is an 8-bit
interval timer which can be used also as a
watchdog timer. The prescaler divide ratio of
timer A is selected by timer mode register A
(TMA: $008).

After timer A is initialized to $00 by MCU
reset or setting bit 3 of timer mode register A
(TMA: $008), it is incremented at every clock
input signal. Eight different clock signals,
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divided by the prescaler, can be used as an
input clock. The clock input signals to timer A
are selected by timer mode register A. When
the next clock signal is applied after timer A
becomes $FF, an overflow is generated and
timer A is reset to $00. This overflow causes
the timer A interrupt request flag (IFTA $001,
bit 2) togo to 1.

This timer can function as a watchdog timer
to detect a runaway program. The MCU is
reset when an overflow output is generated
from a timer counter that cannot be
controlled due to a runaway program while
the watchdog timer on flag (WDON) is 1.

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 an external event
input is used as an input clock signal to timer
B, select R3; /INT; as INT; by setting port
mode register A (PMRA: $004), and set the
external interrupt mask (IM1) to prevent an
external interrupt request from occurring.

Timer B is initialized according to data writ-
ten into timer load register B by software.
Timer B is incremented 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 initial-
ized according to the value of timer load
register B. If it is not selected, timer B is reset
to $00. The timer B interrupt request flag
(IFTB: $002, bit 0) will be set at this overflow
output.
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System Watchdog timer on flag
reset
WDON
Timer mode
register A {’4
A3
Timer A MPX Timer counter A (8 bits) IFTA
Interrupt
request flag
of timer A
System
reset
ol I F
N T S Y 7 PMRB
2 2
System Prescaler (11 bits)
clock
I +1024 e TG
+512 v ©
+256 MPX
[ Internal bus line (S1) l
A4
alo| 3 e g | 1
(!|) ‘f:; ?_J ;; 8 imer latch register
ol e { |- |
| T1 i4
. TCB (8 bits) TBOF
D Timer 8 MPX Timer counter B IFTB
%z Interrupt
A3 A8 request flag
TLR (8 bits) of timer B
Timer mode Timer load register B
register B
A4 A4
r Internal bus line (S2) I
Figure 11 Timers A and B Block Diagram
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Timer Mode Register A (TMA: $S008):
Timer mode register A is a 4-bit write-only
register. Bits 0 to 2 of TMA control the pres-
caler divide ratio of the timer counter A clock
input, as shown in figure 12. Bit 3 resets timer
A when set to 1;if WDON = 0, the prescaler is

also reset. Bit 3 retains a 1 for only one
instruction cycle.

Timer mode register A can be modified from
the second instruction cycle of the write
instruction.

Bit3 | Bit2 [ Bit1 | BitO

Timer mode register A (TMA: $008)

Bit2 | Bit1 Bit O Prescaler divide ratio

o 0 o} +2048
6] o] 1 +1024
6] 1 (o} +512
6] 1 1 +128
1 o] 0 +32
1 ] 1 +8
1 1 o} +4
1 1 1 +2

WDON| Bit 3 Function
o} o}
” o Not changed
0 1 Timer counter A and prescaler

are reset

1 1 Timer counter A is reset

WDON| ADSF

WDON :
ADSF

: Not used

Watchdog on flag

. A/D start flag

Special flag bit {$020)
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Figure 12 Timer Mode Register A Configuration
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Timer Mode Register B (TMB: $009):
Timer mode register B is a 4-bit write-only
register which selects the auto-reload func-
tion, the prescaler divide ratio, and the source
of the clock input signal, as shown in figure
13. Timer mode register B is initialized to $0
by MCU reset.

The operation mode of timer B can be
modified from the second instruction cycle
after timer mode register B is written to. The
initialization of timer B by a write to the timer
load register should be performed after the
contents of timer mode register B have been
appropriately changed.

Timer B (TCBL: SO0A, TCBU: S00B, TLRL:
SO00A, TLRU: SO0B): 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).

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 initial-
ized 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 when the high-order digit is
read.

This Materia

Bit3 | Bit2 | Bit1 | BitO Timer mode register B (TMB: $009)
: . . Prescaler divide ratio
Bit2 | Bit1 [ BitO input clock source
(o] (] 0] +2048
o] (0} 1 +512
o] 1 o] +128
(¢] 1 1 +32
1 (o] ¢} +8
1 o] 1 +4
1 1 (¢] +2
1 1 1 INT, (External event
input)
0] No auto-reload function
1 Auto-reload function provided

Figure 13 Timer Mode Register B Configuration
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Timer A Interrupt Request Flag (IFTA:
$001, Bit 2): The timer A interrupt request
flag (figure 14) is set by the overflow output
of timer A. When the watchdog timer func-
tion is selected, the timer interrupt request
flag is not set since the MCU is reset by an
overflow output.

Timer A Interrupt Mask (IMTA: $001, Bit
3): The timer A interrupt mask (figure 14)
prevents an interrupt request from being
generated by the timer A interrupt request

flag.

Timer B Interrupt Request Flag (IFTB:
$002, Bit 0): The timer B interrupt request
flag (figure 14) is set by the overflow output
of timer B.

Timer B Interrupt Mask (IMTB: $002, Bit
1): The timer B interrupt mask (figure 14)
prevents an interrupt request from being
generated by the timer B interrupt request
flag.

IMTA | IFTA — — : $001
IFTA 0 | Timer A interrupt request disabled
1| Timer A interrupt request enabled
IMTA O | Timer A interrupt request accepted
1| Timer A interrupt request masked
. . IMTB | IFTB : $002
FTB 0| Timer B interrupt request disabled
1 Timer B interrupt request enabled
IMTB 0O | Timer B interrupt request accepted
1| Timer B interrupt request masked
— : Other interrupt control bit

Figure 14 Timer Interrupt Control Bits
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A/D Converter

The HD404302, HD404304, and HD4074308
incorporate a sequential comparison system
A/D converter consisting of a resistor ladder.
It can measure four analog inputs with 8-bit
resolution. Figure 15 shows the A/D con-
verter block diagram. The A/D converter
consists of the following registers:

+ A/D mode register (4 bits)

- A/D start flag (1 bit)

- A/D port select register (4 bits)

- A/D data register (4 bits + 4 bits)

A/D Mode Register (AMR): The A/D mode
register (figure 16) is a 4-bit write-only regis-
ter which selects the A/D conversion speed
(bit O, bit 1) and analog input channel (bit 2,
bit 3).

A/D Start Flag (ADSF): A/D conversion is
started when a 1 is written to the A/D start
flag (figure 16). After a conversion is com-
pleted, the conversion data is set in the A/D
data register and the A/D start flag is cleared
simultaneously.

Note that the bit manipulation instruction
SEM or SEMD should be used to write data to
ADSF. During A/D conversion, ADSF must
not be written to.

N
< Internal bus ‘>

}
ADRL: $00D
ADPR: $00F AMR: $00C ADSF: $020 ADRU: $00E
A/D port select A/D mode A/D start flag A/D data
register (ADPR) register (AMR) (ADSF) register (ADR)
] 4
A4 4 2 42
IFAD
R4o/ANg
R4./AN; o MPX A/D interrupt
SXZ;XEZ request flag
3 3 O——
Ly
COM Control logic Counter
AVce o_% L[ 1
AVgs O— C
D/A

Figure 156 A/D Converter Block Diagram
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A/D Port Select Register (ADPR): The only register which selects the digital port
A/D port select register (figure 16) is a write- and analog port.

Bit3 | Bit2 | Bit1 | Bit 0 | A/D mode register (AMR: $00C)

Bit 1 Bit O Conversion cycie
(o] 0 34
(o] 1 67

Bit 3 | Bit 2 Analog input
o] o] ANg
o] 1 AN,
1 [0} AN,
1 1 AN4

Bit3 | Bit2 | Bit1 | BitO | Special flag bit ($020)

A/D start flag {ADSF)
Start bit Status information
ADSF | Iwrite) (Test)
0 Not affect A/D idle
1 Start A/D converting

WDON (See Timer section)
Not used

Bit3 | Bit2 | Bit1 Bit O A/D port select register (ADPR: $00F}

1 ANz | AN, AN, ANg
o] R4 R4, R4, R4
Port select

Figure 16 A/D Register Configuration
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A/D Data Register (ADRL: S00D, ADRU: Precautions on using the A/D converter:
SO0E): The A/D data register (figure 17) is a - If a digital signal is input to the R4,-R4; or
4-bit/4-bit read-only register in which the 8- adjacent pins during A/D conversion, con-
bit conversion result is set after completing version accuracy may be affected.
A/D conversion. The data is preserved until - Data in the A/D data register is not guar-
the next conversion begins. Data read is not anteed during A/D conversion.
guaranteed during A/D conversion. The A/D «- Port output instructions should not be
data register is initialized to $80 by the MCU executed during A/D conversion to allow
reset. for a stable A/D converter operation.
ADRU ($ OOE) ADRL ($ 00D)
3 2 1 0 3 2 1 0
Conversion
MSB LSB | result
Bit 7 BitO

Figure 17 A/D Data Register Configuration
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Input/Output

The MCU has 33 I/O pins, 25 being high-
voltage pins. The on/off status of the output
buffers of the standard pins (figure 19) is
controlled by the combinations of the value of
the port register (PDR) and data control reg-
ister (DCR).

D Port: The D port is an I/O port which has 13
discrete I/O pins, each of which can be ad-
dressed independently. It can be set/reset
through the SED/RED and SEDD/REDD
instructions, and can be tested through the
TD and TDD instructions. Furthermore, the
contents of the status flag become invalid
when the unused ports are tested. D;; and Dy,
ports are multiplexed with tone generator
pins TGy, and TG,, respectively. The circuit
type of the D port is shown in table 3.

R Ports: The R ports are composed of 20 I/O
pins and one input-only pin. Data is input
through the LAR and LBR instructions and
output through the LRA and LRB instruc-
tions. The MCU will not be affected by writ-
ing into the input-only and non-existing
ports. The on/off status of the output buffers
of the R3 and R4 ports are controlled by the R
port data control register (DCR3, DCR4). R3,
and R3; are multiplexed with INT, and INT,,
respectively. R4, R4;, R4,, and R4; pins are
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multiplexed with AN, AN,;, AN, and ANj;,
respectively. The circuit type of the R port is
shown in table 3.

Port Mode Register B (PMRB: $005): Port
mode register B is a 4-bit write-only register
which controls the D,;/TGy pin and D,,/TGy
pin as shown in figure 18. The port mode
register is initialized to $0 by MCU reset.
These pins are therefore initially used as
ports.

Unused I/0 Pins: If any unused I/O pins are
left floating, the LSI may malfunction due to
noise. The I/0 pins should be fixed as follows
to prevent malfunction.

- If without pull-down MOS (PMOS open
drain) is selected for high-voltage pins,
connect to V¢ on the printed circuit board.

- If without pull-up MOS is selected for
standard pins, connect to GND on the
printed circuit board.

The contents of PDR and DCR of the corre-
sponding pin should be programmed to
remain the same as in the reset state. The
corresponding pin should not be used as a
peripheral function I/O pin.
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Bit3 | Bit2 | Bit1 | BitO Port mode register B (PMRB: $005)

. . Prescaler Puise frequency
Bit1 | BitO | Givide ratic | (4 = 1.9 ss)
0 0 +1024 0.5 kHz
0 1 +512 1.0 kHz
1 0 +256 2.0 kHz
1 1 +128 4.0 kHz

O| Dyq{1/O pi
Bit 2 11 /O pin
1| TGy output pin
0| Dy, 1/O pi
Bit 3 12 /O pin
1| TG4 output pin

Figure 18 Port Mode Register B Functions
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Table 3 I/0O Pin Circuit Types

Standard pins

Pin Type With Puli-Up MOS (B) Without Pull-Up MOS (C) Pin Name
1/0
Input
common CPU Input cPU
pins (:D____DmrOI input control ] ))_ input
Vee HLT
C
° o ocrn || R30-R33
o]
fnput |
conts
input
Vee °
R4,-R4;
Note: Cannot be used as an analog
input pin (ANg-AN3).
Input
P Vce
pins
o] ALT WT—O
CPU O—_—_l}’—__’ cPU INT,
Input input input input
control control
476
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Table 3 I/0 Pin Circuit Types (cont)

High-voltage pins

Pin Type Without Pull-Down MOS (D) With Pull-Down MOS (E) Pin Name
1/0 Vee Vee
common 3y —‘lm
pins 5 on : == | Do D12
Vee ' ROo-RO3
R15-R13
il R25-R25
It —_{P————————= CPU —D—— ="
control input ::;:::m input
Input
pins

Input

control CcPU
O——D RA,

Note: In the stop mode, the MCU is reset, peripheral functions cannot be selected, HLT becomes 1,
and |I/O pins are in high impedance.

Circuit type

Product type

Mask ROM
(HD404302, Option
HD404304)

ZTAT™

Fixed
(HD4074308)
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r 3
i i
i MOS i PMOS (A)
] 1
1 1

DCR

NMOS (B)

CPU input
indicates an
: : option.
------------- Input control
Mask Option With Pull-up MOS (B) With Pull-up MOS (C)
DCR (data control register) 0 1 [0} 1
PDR (port data register) (0] 1 o} 1 0 1 0 1
CMOS PMOS (A) — — — On — — — On
buffer NMOS (B) — —  Oon  — — —  Oon —
Pull-up MOS (C) On On On On — — — —
Note: 1 — On
0 — Off
—: Off

Figure 19 1/0 Buffer Configuration (Standard Pins)
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Reset MCU reset and the status of each after the
reset has been carried out.
Setting the RESET pin high resets the MCU.

At power-on or when cancelling stop mode, Note: After reset, the standard pin port data
the reset must satisfy tyc for the oscillator to register (PDR) is not stable. Therefore,
stabilize. In all other cases, at least two write the data to the standard pin port
instruction cycles are required for the MCU to data register (PDR) and set data control
be reset. register (DCR) to output the data.

Table 4 shows the components initialized by

Table 4 Initial Values after MCU Reset

Item Initial Value Contents
Program counter (PC) $0000 Execute program from the top
of ROM address
Status flag (ST) 1 Enable branching with conditional
instructions
Stack pointer (SP) $3FF Stack level is O
1/0 High-voltage pin port data All bits are O Enable to output O
register (PDR)
Standard pin port data — Enable to output 1
register (PDR) (With pull-up MOS)
Data control register {DCR) All bits are O Output buffer is off (high impedance)
Port mode register A (PMRA) 0000 See Port Mode Register A section
Port mode register B (PMRB) 0000 See Port Mode Register B section
Interrupt Interrupt enable flag (IE) 0 Inhibit all interrupts
flags/mask Interrupt request flag (IF) o No interrupt request
Interrupt mask (IM) 1 Mask interrupt request
Mode Timer mode register A (TMA) 0000 See Timer Mode Register A section
registers Timer mode register B (TMB) 0000 See Timer Mode Register B section
Timer/ Timer counter $00 —
counter Timer counter B (TCB) $00 -
Timer load register (TLR) $00 —
Prescaler $000 See Prescaler section
A/D A/D port select register (ADPR) 0000 See A/D Port Select Register section
A/D mode register {AMR) 0000 See A/D Mode Register section
A/D data register (ADR) $80 See A/D Data Register section
A/D start flag (ADSF) (o] See A/D Start Flag section
Bit register ~ Watchdog timer on flag (WDON) 0] See Timer A section
Note: Registers and flags except above become as follows after MCU recet.
After MCU reset to recover After MCU reset to recover
Item Abbr from stop mode from other modes
Carry flag (CA) The contents of these items following The contents of these items following
Accumulator (A) MCU reset are not retained; they MCU reset are not retained; they
B register (B) must be reinitialized by software must be reinitialized by software
W register (W)
X/SPX register (X/SPX)
Y/SPY register (Y/SPY)
RAM The contents of RAM just before

MCU reset (just before a STOP
instruction) are retained
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Internal Oscillator Circuit selection type. In addition, see figure 21 for
the layout of the crystal or ceramic filter. In all
Figure 20 is a block diagram of the internal cases, an external clock operation is available.

oscillator circuit. Refer to table 5 for the

AR Timing 562 .5-kHz
. circuit
Oscillator (divide- generator  |———= system
circuit clock

by-8)
0SC;

0SC; ( :}———
! Divider

Figure 20 Internal Oscillator Circuit

Do

Vee
0SC,
0SC,
TEST
RESET

Figure 21 Layout of Crystal and Ceramic Filter

480

This Material Copyrighted By Its Respective Manufacturer



HD404302/HD404304/HD4074308

Table 5 Example of Oscillator Circuits

Circuit configuration

Circuit constant

External

clock operation

External
oscillator

—0SC,

Open—]0SC,

Ceramic filter

Ceramic filter: CSA 4.00 MG

C,
0SsC,
Crystal 223 $R;
0SC,
Cz
GND
AT-cut parallel
resonance crystal

0sC; .{ L cﬁ\}—o 0sC,
Co

oscillator (Murata)
C, R; = 1 MQ £20%
Ceramic 08¢ Cy = C, = 30 pF £20%
filter =5 4R,
0SC,
Cs
GND
Crystal Re = 1 MQ +20%
oscillator

C, = 10 to 22 pF *20%
C, = 10 t0 22 pF *20%

Crystal: Equivalent to the circuit
shown at bottom left

Co = 7 pF max.

Rs = 100 Q max.

f=1.0to4.5 MHz

Notes: 1. The circuit parameters written above are recommended by the crystal or ceramic filter
maker. The circuit parameters are affected by the crystal, ceramic filter resonator, and the
floating capacitance when designing the board. When using the resonator, consult with the
crystal or ceramic filter manufacturer 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 filter

{figure 21).
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Low-Power Dissipation Modes modes, standby mode and stop mode (table
6). Figure 22 is a mode transition diagram of

The MCU has two low-power dissipation these modes.

Table 6 Low-Power Dissipation Modes

Condition Standby Mode Stop Mode
Instruction SBY instruction STOP instruction
Oscillator circuit Active Stopped
Instruction execution Stopped Stopped
Registers, flags Retained Reset™ote 1
Interrupt function Active Stopped

RAM Retained Retained

Input/output pins

RetainedNote 2

High impedance

Timer/counters Active Stopped
A/D Active Stopped
Cancellation method RESET input, interrupt request RESET input

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 4 for the contents of
flags and registers.
2. When I/0O circuits are active, an 1/0 current may flow in standby mode, depending on the

state of the 1/O pins. This is an additional current added to the standby mode current

dissipation.
Active
’_&\0(\ Mode
®
> e
n & S ef.’\ — i\ >
O (]
c.)% ‘60 6"’00
(‘\)Q\ (’O
¢ ~| o
S nfow Sto
Standby Ll p
Mode (“5 & Mode
w w
'?6:9 | o« <z N
X QS"
Reset

Figure 22 MCU Operation Mode Transition
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Standby Mode: Executing the SBY instruc-
tion places the MCU into standby mode. In
standby mode, the oscillator circuit continues
working, and the timer/counter, A/D, and
interrupts remain active. On the other hand,
the CPU stops since the clock related to the
instruction execution stops. Registers, RAM,
and I/O pins retain the state they were in just
before the MCU went into standby mode.

Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.

In the former case the MCU is reset. In the
later case, the MCU becomes active and exe-
cutes the next instruction following the SBY
instruction. If the interrupt enable flag is 1
when an interrupt request asserted, the
interrupt is executed, while if it is O, the
interrupt request is put on hold and normal
instruction execution continues.

Figure 23 shows the flowchart of the standby
mode

Oscillator: Active:
Peripheral clocks:
Active

All other clocks:
Stop

Restart
processor clocks

A

Restart
Processor Clocks

!

Execute .
Next Instruction
{Active Mode)

No

1E=12?

Yes

Execute
Next Instruction

y
Reset [ MCU j I

[

nterrupt Accept ]

Figure 23 MCU Operating Flowchart in Standby Mode
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Stop Mode: Executing the STOP instruction
brings the MCU into stop mode, in which the
oscillator 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 24,
reset input must be applied for at least tyc for

oscillation to stabilize. (Refer to AC Charac-
teristics table.) After the stop mode is can-
celled, RAM retains the state it was in just
before the MCU went into stop mode, but the
accumulator, B register, W register, X/SPX
registers, Y/SPY registers, carry flag, and A/D
data register will not retain their contents.

Stop mode

Oscilator ]]]IIHI]]]III]II[[I]]II]]II__, QOO

Internal clock

Uﬂlﬂlﬂ]ﬂ'lﬂﬂrLﬂl'L

RESET ) P 1
[ |

r tres '

STOP instruction execution
tes = tre (stabilization time)
Figure 24 Timing of Stop Mode Cancellation
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PROM Mode Pin Description (DP-42, DP-42S, DC-42)

MCU Mode PROM Mode MCU Mode PROM Mode
Pin No. Pin Name 1/0 Pin Name 1/0 Pin No. Pin Name 1/0 Pin Name 1/0
1 Dio /0 M, | 22 AVcc Vee
2 D41/TGo /0 Vee 23 R4,/ANg /0 O, 1/0
3 D,,/TG, /0 Vce 24 R4,/AN, /0 Og 1/0
4 RA1/Vaisp I 25 R4,/AN, 1/0  Og 1/0
5 RO /0 A, I 26 R45/AN, /0 O, i/O
6 RO, /0 A, 1 27 AVgs GND
7 RO, /0 Az | 28 RESET [ Vpp/RESET
8 RO5 /0 A, ] 29 TEST } TEST |
9 R1g I/0  Asg ! 30 0SC, |
10 R1, /0 Ag I 31 0SC, o)

11 R1, /0 Ay I 32 Vee Vee
12 R1s 1/0  Ag I 33 Do /0 Mg I
13 R2, /0 Ao | 34 D, /0 M, I
14 R2, /0 Aqg | 35 D, 1/0 Ag I
15 R2, /0 Ay, I 36 D, 1/0
16 R2; /O Aqa I 37 D, /0 Ags [
17 R3g I/0 O /0 38 Ds /0 Aqg I
18 R3, /0 0, /0 39 Dg /0 CE I
19 R3,/INT, I/0 0, /0 40 D, 1/0 OE I
20 R33/INT; /0 O 170 a1 Dg 1/0
21 GND GND 42 Do /0
Note: 1/0: Input/output pin; I: Input pin; O: Output pin
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PROM Mode Pin Description (FP-54)

MCU Mode PROM Mode MCU Mode PROM Mode
Pin No. Pin Name 1/0 Pin Name 1/0 Pin No. Pin Name 1/0 Pin Name 1/0
1 Do /0 M, | 28 AVee Vee
2 D11/TGg 1/0 Vcc 29 R4,/ANg /0  O4 1/0
3 D1,/TG, 1/0  Vce 30 R4,/AN, 1/0  Os 1/0
4 RA1/Vyisp ! 31 R4,/AN, /0  Og 1/0
5 RO, /0 A, [ 32 R43/AN; 1/0 0Oy 1/0
6 NC 33 NC
7 NC 34 NC
8 NC 35 NC
9 RO, /0 A, [ 36 AVss GND
10 RO, 1/0 Az ! 37 RESET [ Vpp/RESET
11 RO, /0 A, ] 38 TEST I TEST I
12 R1, /0 Ag I 39 0sc, I
13 R1, /0  Ag I 40 0SC, 0
14 R1, /0 A, I 41 Vee Vee
15 R1; /0 Ag [ 42 Do /0 Mg [
16 R2, /0 Ag I 43 D, /0 M, i
17 R2, /0 Aqo I 44 D, 1/0  Ag I
18 R2, 1/0  Aqq I 45 Ds 1/0
19 R2; /0 Aqp i 46 D, /0 Aqz !
20 NC 47 NC
21 NC 48 NC
22 NC 49 NC
23 R3, /0 0Og /0O 50 Ds /0 Aqg I
24 R3, /0 0O, I/0 51 Ds i/0 CE |
25 R3,/INT, I/0 0, /0 52 D, I/0 OE I
26 R33/INT, I/0 Oy I/0 B3 Dg 1/0
27 GND GND 54 Dy 1/0
Note: 1/0: Input/output pin; I: Input pin; O: Output pin; NC: No connection
486
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PROM Mode Pin Functions
(HD4074308)

Vpp: Apply the programming voltage (12.6 V
+ 0.3 V) to this pin.

CE: Inputs the control signal to enable PROM
programming and verification.

OE: Inputs the data output control signal for
verification.

Ay-A,,: Address input pins of the internal
PROM.

0p-0,: Data bus input/output pins of the
internal PROM.

Mo, Mi, M2: Used to set the PROM mode. The
MCU is set to the PROM mode by pulling AVss
and TEST low, and RESET, M,, M;, Mj; and
AVCC hlgh

Mo 2] < $££= Bl <
2 “0_ N0000n 00000
Vee []3 40| JOE (o = ©o - ¥ 3§ 5 3
— Cle 29[ ]
]+ 39 CE
E7 48:
A []s 38[ ] A e ar[]
A, []s 37[J A A o a6 ] A3
A7 36 ] Az [0 45[]
A8 35 ] As Ay 44 Aq
As[]o DP-42 34 Im, As []12 a3 M,
Ao DP425 [, Ao C1s 2 Mo
A ] DC-42 32[ ] Vee A; e FP-54 a1 Vee
- s Ao L1 “H
N = e e
0 13 30 A10I:17 38:TEST
Ao []14 29[ ] TEST An [ ie 37[] Vep/RESET
An[]1s 28] Ves/RESET A, []19 36| _JGND
Az [ 27[ ] GND 2o 3s[ ]
00 []17 26[]0; = 4[]
04 : 18 25:05 :sz <+ O © o~ ® © O « N33:
C OUOO0 guoud
0, []1e 24[Jos
03 [J20 23E]!04 S 3852 £35S
GND []21 22[JVee ©

This Materi al

Figure 25 Pin Arrangement in PROM Mode

487

Copyrighted By Its Respective Manufacturer



Programmable ROM (HD4074308)

The MCU on-chip PROM is programmed in
PROM mode (figures 26 and 27). PROM mode
is set by pulling TEST low, and RESET,
Mo, M;, and M, high, as shown in figure 26. In
PROM mode, the MCU does not operate.
Table 7 shows the PROM mode selection. It
can be programmed like a standard 27256
EPROM using a standard PROM programmer
and a 42-to-28-pin socket adapter. Table 8
lists recommended PROM programmers and
socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series MCU
incorporates a conversion circuit to enable
the use of a general-purpose PROM pro-
grammer. By this circuit, an instruction is read
or programmed using 2 addresses, generated
as the lower 5 bits and upper 5 bits, as shown
in figure 27. For example, if 8 Kwords of on-
chip PROM are programmed by a general-
purpose PROM programmer, 16 Kbytes of
addresses ($0000-$3FFF) should be specified.

HD4O43702/HD4O4304/HD4O74§Q8

Programming and Verification

The MCU can be high-speed programmed
without causing voltage stress or affecting
data reliability.

Table 7 shows how programming and verifi-
cation modes are selected.
Figure 28 is a programming flowchart.

Erasing

PROMSs with ceramic window packages can
be erased by ultraviolet light. All erased bits
are set to 1.

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

Table 7 PROM Mode Selection

Pin
Mode CE OFE v, 0,0,
Programming Low High v, Data input

Verification High Low v, Data output
Programming High
inhibited High High Vpp impedance

Table 8 PROM Programmers and Socket Adapters

PROM Programmer

Socket Adapter

Maker Type Name Maker Package Type Name
DATA 1I/0 22B Hitachi DP-42 HS430ESDO1H
298 DP-42S HS430ESSO1H
FP-54+ HS430ESFO1H*
AVAL Corp. PKW-1100 Hitachi DP-42 HS430ESDO1H
PKW-1000 DP-42S HS430ESSO1H
FP-54+ HS430ESFO1H*

Note: An automatic programming mode of the PROM programmer is not available, therefore if a silicon
signature check is performed, the A9 port will be permanently damaged. The A9 port is a high-
voltage 1/0 port of the MCU. It will be damaged if an overvoltage {(12.5 V) exceeding the voltage
resistance of the MCU buffer is applied. )

When a connection check is made using a protection diode between the MCU and its socket, an
open error occurs on an address port. Since the direction of the protection diode of the MCU
high-voltage pin is reversed, the address port is regarded as open.

* Under development
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Precautions

1.

Addresses $0000 to $3FFF must be speci-
fied if the PROM is programmed by a
PROM programmer. If addresses of $4000
or higher are accessed, the PROM may
not be programmed or verified. Note that
the plastic type packages cannot be
erased and reprogrammed. (Ceramic

~ HD404302/HD404304/HD4074308

socket adapter, and LSI are inserted cor-
rectly (pin 1 positions match). Using the
wrong programmer or socket adapter
may cause an overvoltage and damage
the LSI (table 8). Make sure that the LSI is
firmly fixed in the socket adapter, and
that the socket adapter is firmly fixed
onto the programmer.

window packages can be erased and re- 3. The PROM should be programmed with
programmed by ultraviolet light.) Data in Vpp=12.56 V. Other PROMs use 21 V. If 21 V
unused addresses must be set to $FF. is applied to the MCU, the LSI may be
permanently damaged. 12.5 V is Intel's
2. Be sure that the PROM programmer, 27256 Vpp.
Vee
Vee OE OE
M,
CE p=——CE
Data
Ooto O <:>
oto Uy 00_07
Address
Ap to Aqg Ao—As,
Vee
M,
Mo
ST —
?VPP
Vpp/RESET
AVec ————0 v,
AVsg
GND

7;:__________

This Materia

Figure 26 Connections for PROM Mode
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address ?

Set read mode
Vcc=5.0£0.5V, Vpp=Vcc*0.6 V

All addresses read ?

$0000 \ " Bit4 Bit3 Bit2  Bit1 BitO [Lower5bits : :
$0001 . . 1 _.Bit9 . B8, Bit7 Bib  Bit5 | Upper 5bits } so000 © JMPL instruction ) $0000
] t t t
Vector address 1 (jump to reset routine $0001
$001F $O00F 2 JMPL instruction $0002
0020 jump to INT, routine)
$ . Zero-page subroutine $0010 3 fump o rou $0003
(64 words) 4 JMPL instruction $0004
$007F $O03F 5 {jump to INT, routine) $0005
0080
$ { Pattern $0040 ¢ | JMPL instruction $0006
(4096 words) 7 (jump to timer A routine) $0007
$1FFF |} $OFFF 8 JMPL instruction $0008
$2000 | Program ﬁooo 9 (jump to timer B routine) $0009
(8192 words) 10 | JMPL instruction $000A
$3FFF S$1FFF 4,4 {jump to A/D routine) $0008
$4000 $2000
12 $000C
Not used™*
\1 3 $000D
h\t $000E
$7FFF e $3FFF 15 $000F
s ————
These three bits are not used.
{Setto 111)
Note: When reading this address space. $FF is output
Figure 27 PROM Mode Memory Map
Set programming/verification mode
Vpp=12.5%£0.3 V, Vcc=6.0£0.25 V
n+1-+n
[ Program tew = 1ms £ 5%
[ Address + 1 — Address
r Program toss = 3n ms
Last No

Figure 28 High-Speed Programming Flowchart

490

This Material Copyrighted By Its Respective Manufacturer




HD404302/HD404304/HD4074308

ZTAT™ MCU On-Chip PROM Character-
istics and Precautions

Principles of Programming/Erasing: The
ZTAT™ memory cells are the same as an
EPROM's. They are programmed by applying
a high voltage between the control gate and
drain to inject hot electrons into the floating
gate. These electrons then become stable,
surrounded by an energy barrier of SiO, film.
Such a cell becomes a 0 bit due to the mem-
ory threshold voltage change. A cell with no
condensed electrons in its floating gate
appears as a 1 bit (figure 29).

The electron charge in memory cells may

decrease as time goes by. This can be caused
by:

- Ultraviolet light: Discharged by photo-
emitted electrons according to the erasure
principle

- Heat: Discharged by thermal emitted elec-
trons

+ High voltage: Discharged by a high electric
field at the control gate or drain

If the oxide film covering a floating gate is
defective, the erasure rate is greatly in-
creased. Normally, electron erasure does not
occur, since such defective devices are found
and removed during screening tests.

Control gate trol gat
S0, . Si0, Control gate
Flioating gate Floating gate

Source OO0 Drain Source Drain

N N- N @) N-
Programming (O) Erasing (1)
Figure 29 Cross-Sections of a EPROM Memory Cell
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Programming Precautions: The PROM
memory cells should be programmed under
specific voltage and timing conditions. The
higher the program voltage and the longer
the program pulse is applied, the more elec-
trons will be injected into the floating gate.
However, if an overvoltage is applied to Vpp,
the pn junction may be permanently
damaged. Pay particular attention to PROM
programmer overshoot. Negative voltage
noise will cause a parasitic transistor effect,
which may reduce breakdown voltage.

The ZTAT™ microcomputer is connected
electrically to the PROM programmer
through a socket adapter. Therefore, pay
careful attention to the following:

- Ensure that the socket adapter is firmly
fixed onto the PROM programmer.

- Do not touch the socket adapter or the LSI
during programming.

- Misprogramming can be caused by poor
contacts.

On-Chip PROM Reliability after Pro-
gramming: Generally, semiconductors are
reliable except for initial failures which can
be screened during testing. Exposure to high
temperature is a kind of screening test which
quickly removes PROM memory cells with
data hold failures. This is done to ZTAT™
microcomputers in the wafer stage, so
ZTAT™ data hold charcteristics are very
reliable. Exposing the LSI to 150°C after being
programmed can effectively upgrade these
characteristics. Figure 30 shows the recom-
mended screening flow.

Programming and
verification

Exposure to high temperature
without applying any power
150°C = 10°C, 48 h +8 h*
150°C + 10°C, 48 h —0O h*

Confirmation of reading
Vee =4.5Vorb 5V

Hitachi.

* Exposure time is the time after the temperature
in the heater reaches 150°C.

Note: If programming errors occur continuously during programming with one PROM programmer, stop pro-
gramming and check the PROM programmer or socket adapter.
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform

Figure 30 Recommended Screening Flow
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Window-Type Package Precautions

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

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

1. Operators should be grounded when
handling equipment.

2. Do not rub the glass window with plastics.

3. Be careful of coolant sprays which may
contain ions.

4. The ultraviolet shading label (which
includes conductive material) effectively
neutralizes charge.

Ultraviolet Shading Label: If the LSI is
exposed to fluorescent light or sunlight, its
memory contents may be erased by the small
quantity of ultraviolet light in these sources.

In strong light, the MCU may fail under the
influence of photocurrent. To prevent this
problem, it is recommended that the device
be used with an ultraviolet shading label
covering the erasure window after pro-
gramming.

Special labels contain metal partides to
absorb the ultraviolet light. When choosing a
label, note the following:

1. Adhesion: Reuse and dust reduce adhe-
sion. Peeling off a label may cause static
electricity, therefore, erasing and rewrit-
ing is recommended after peeling off a
label. Sticking a new label over the old one
is preferable to replacing a label.

2. Allowable temperature range: The
allowable environmental temperature
range of the label should be noted. If it is
used under conditions outside this range,
the paste may harden or adhere to the
window, causing the paste to remain on
the window when the label is removed.

3. Moisture resistance: The allowable mois-
ture range and environmental conditions
of the label should be noted. It is difficult
to find an appropriate label for all condi-
tions. The proper label should be selected
depending on the intended use of the
MCU.
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Addressing Modes
RAM Addressing Modes

As shown in figure 31, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister 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 addres-
sing 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 $040 to
$04F) 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 32.

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;; to PCy) with 14-bit
immediate data.

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

494

When the BR instruction is on a page bound-
ary (256n + 255) (figure 33), executing it
transfers the PC contents to the next page
according to the hardware 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 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 (PCy; to PCg).

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

P Instruction: ROM data addressed by table
data addressing can be referenced by the P
instruction (figure 34). When bit 8 in the
referred ROM data is 1, 8 bits of ROM data are
written into the accumulator and B register.
When bit 9 is 1, 8 bits of ROM data are written
into the R1 and R2 port output 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 regis-
ters at the same time.

The P instruction has no effect on the pro-
gram counter.
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W register X register Y register
r N/ 7 N

Wi | Wo | Xs [ X2 ] Xi [ Xo [ Ya| Y2 Yy | Yo

RAM address | APs| APg| AP7 | APs | APs|APs | APs | AP2 | AP, | APo

Register Indirect Addressing

Instruction 1st word Instruction 2nd word

Opcode do [ de [ d7 [ de [ ds | da | d3 | d2 | dv | do

RAM address | AP | APs | AP, [ APs APs | APs| AP3 | AP2 | AP: | APo

Direct Addressing

Instruction

Opcode ms

fet—
la—
-
h— —
.
la——

RAM Address | APs| APs| AP;| APs| APs | APs| APs | AP, | AP: | AP,

Memory Register Addressing

Figure 31 RAM Addressing Modes
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(JMmPL)
(BRL)
(CALL) .
Instruction 1st word Instruction 2nd word
r NS N\
T T 1 T 1 1 L] T T T T T T T T T i
Opcode P3 pz pP1 po|ds ds d7 de ds da ds d2 di do
1 1 1 L i 1 L 1 L L L 1 L 1 1 A i
v T L) Al 1 L T v T L] T T v
Program counter {PC13 PCy2 PC11 PC‘ol PCslPCa PCy ‘PCslPCs,l PCs4 PC3 . PC. PC , PCo
A L i 1 1
Direct Addressing
Instruction
Ve h)
Ll T 1 L) 1 T T LJ
(BR)| Opcode | b bs bs ba bz bz bi bo
1 1 1 1 1 i A 1
4 4
T T T T T L T T T T T T T
Program counter PC13l PCi2 PC111PC101 PCs . PCs ) PC» 1PC5|PC5 IPCd . PCs PCz‘ PC: , PCo
Current Page Addressing
Instruction
s —
T L] T T L] Ll T T
(CAL) Opcode as as a3 a2 a1 ao
i 1 A 1 1 ke A "
o} 0 0 (0] 0 0 (0] (o)
BN BN B B R BN B | Y R
M T T J T T T T T T T T T
Program counter PC1:}PC12]PC1|IPC10l PCs;.PCsl PC; PCe PC5I PC4| PCs PC2 PC:1 PCo
1 i 1 1 I
Zero Page Addressing
Instruction
r— )
] T 1 T T T T T
(TBR) Opcode pPs p2 pr PpPo B register Accumulator
1 1 1 i 1 1 i 1 — ~— N
T T L] T L] 1
B3 , B2 B» . Bo| Az Az A, ) Ao
O 0 1 i A
R r v
T T T T T T T T T 1 T T I
Program counter:[PC13PC12 PC11 PCi0 PCo PCs PC7 PCe PCs PCa PCs .PCZ .Pc' . PCo
Table Data Addressing
Figure 32 ROM Addressing Modes
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N\

256(n—1)+255
T BR AAA 256n

>> AAA NOP

{ BRAAA 256n+254

—1 BRBBB 256n+255
256(n+1)

> BBB NOP

N

Figure 33 BR Instruction Branch Destination on a Page Boundary

Instruction
— T T T T T T T T 3
P Opcode .
® 1 ) pl L L ps P2 P po B register Accumulator

s N7

T T T T T T
Bs Bz B:r Bo| Az Az A1 Ao
0 (0] i 1 1 1 1 1

‘ A \ A

¥ T T T i

T T T 1 1 1 1 ¥
Referred ROM address |RA1z RA12 RA11RA10RAs RAs RA; RAs RAs RAs RAz RA; RA: RAo
1 I 1 1 1 1 1 1 1 1 '] 1 A

Address Designation

T T T T T T L]

ROM data ROs ROs RO7 ROs ROs ROs RO3 RO2 RO: ROo

S T N Y T T

Accumulator, B register |[Bs B2 By Bo | A3 A2 A1 Ao If ROs=1
1 1 1 1 i 1

T I T T T T T T

ROM data ROg ROe R07 ROs ROs ROs RO3 R02 R01 ROo

PR T S S 2

Output registers R1, R2 [R25 R22 R2:1 R2o0|R13 R12 R1: R1o If ROg=1
i 1 ] 1 A A

Pattern

Figure 34 P Instruction
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Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply voltage Vee -0.3t0 +7.0 \Y 1,12
Program voltage Vep -0.3to +14.0 \" 2,13
Pin voltage Vr -0.3t0 Ve + 0.3 \% 3
Vee — 45to Ve + 0.3 A% 4
Total permissible Sl 50 mA 5
input current
Maximum input current lo 15 mA 7.8
Maximum output current —ly mA 8,9
mA 9,10
30 mA 9,11
Total permissible -l 150 mA 6
output current
Operation temperature Toor —20to +75
Storage temperature T —-55t0 +125 °C
Storage temperature (bias) Thias —-25to +80 13

Notes: 1. Normal operation should be performed under the conditions specified by the electrical
characteristics. Exceeding these conditions can result in malfunction, degraded perfor-

mance, and permanent damage to the LSI.
Applies to the RESET pin (Vpp). (HD4074308)
Applies to pins other than high-voltage pins.
Applies to high-voltage pins.

to GND simultaneously.
1/0 pins simultaneously.
Applies to R3 and R4.
Applies to RO to R2.
Applies to Dg to D,,.

Voltage is based on GND.
Applies to the HD4074308.

AAAA
WNSOoO®MN O aRON
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Total permissible input current is the sum of input currents which flow in from all 1/0 pins
Total permissible output current is the sum of output currents which flow from V¢ to all
Maximum input current is the amount of input current allowed from each 1/0 pin to GND.

Maximum output current is the amount of output current allowed from V¢ to each /0 pin.
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Electrical Characteristics

DC Characteristics (Vcc = 5 V + 10%, GND = 0 V, Vg, = Voc — 40 V to Vge, To = —20° to
+75°C unless otherwise specified)
Item Symbol Pin Min Typ Max Unit Test Condition Note
input high Vin RESET, 0.8V¢c Vec + 0.3V
voltage INTq,
INT,
0scC, Vee-0.5 Vee + 0.3V
Input low Vi RESET, -0.3 0.2Vcee \
voltage INT,,
INT,
0sC, -0.3 0.5 \Y
Input/output |y | RESET, 1 #A V=0V to Ve 1
leakage INTo.
current INT,,
0osc,
Current lec Vee 3.0 mA Vee = 5 V; 2,5

dissipation in
active mode

fosc = 4 MHz

C-un-'ent' ' Isgy Vee 1.5 mA Vec = 5V: 3.5
dissipation in fosc = 4 MHz

standby mode

Current Istop Vee 10 uA Vin(resT) = Ve 4
dissipation in Vin(reseT) = GND

stop mode

Stop mode Vstop Vee 2 \

retaining voltage

Notes: 1.
2.

Excluding pull-up MOS current and output buffer current.
The MCU is in the reset state. Input/output current does not flow.
- MCU in reset state, operation mode
- RESET, TEST: Vce
. R3, R4: VCC
M Do‘D12, RO_R2, RA]Z Vdisp
The timer/counter operates with the fastest clock. Input/output current does not flow.
+ MCU in standby mode
- Input/output in reset state
- RESET: GND
. TEST Vcc
*R3, R4: V¢
. DO—D12, RO‘RZ, RA1Z Vdisp
Excluding pull-down MOS current.
When fosc = x (MHz) estimate the current dissipation as follows:
Max. value fosc = x (MHz) = x/4 X (max. value fosc = 4 MHz)

499

This Material Copyrighted By Its Respective Manufacturer



HD4043021ED404304/HD40743087

Input/Output Characteristics for Standard Pins (Vcc = 5V + 10%, GND = 0V, Vg, = Ve —

40 V to Ve, T, = —20° to +75°C unless otherwise specified)
Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high ViH R3, 0.7Vcce Vec + 03 V
voltage R4
Input low ViL R3, -0.3 0.2V¢e \4
voltage R4
Output high VoH R3, Vee — 1.0 Y —lgy = 1.0 mA 1
voltage R4
R3, VCC _0.5 \ _lOH = 0.5 mA 1
R4
Output low Vor R3, 0.4 \ lop = 1.6 mA
voltage R4
Input/output [l R3, 1 uA Vi, = 0V to Ve 2
leakage current R4
Pull-up MOS =l R3, 30 70 150 uA Vece =5V, V,=0V 3
current R4

Notes: 1. Applied to I/0 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 (Ve

HD404302/HD404304/HD4074308

5V + 10%, GND = 0 V, Vg,

= Veec — 40 V to Vi, T, = —20° to +75°C unless otherwise specified)
ftem Symbol Pin Min Typ Max Unit Test Condition Note
input high Vin Do-Dyp,  0.7Vcc Vec + 0.3V
voltage R1, R2,
RA;, RO
Input low Vi DoDy2, Ve — 40 0.2Vce \4
voltage R1, R2,
RA;, RO
Output high Vou Do-Dyz. Vgc - 3.0 v —lon=15 mA
voltage TG, TG,
Ve — 2.0 v ~loy=10 mA
Vee — 1.0 \Y —lgy= 4 mA
N _ \Y - _
RO-R2 V¢ - 3.0 lon = 3 MA,
Vee - 2.0 v —logn = 2 mA
Ve - 1.0 Y —loy = 0.8 mA
Output low VoL Do-D1a. Vee — 37 V Vgisp = Voc — 40V 1
voltage RO-R2
Do-Di2. Vee — 37 V 150 kQ at Vge — 40 V 2
RO-R2
Input/output find Do-Di5. 20 #A  Vip = Vee —40VtoVee 3
leakage RO-R2,
current RA,
Pull-down MOS I Do-Dq,. 100 300 700 uA  Vgigp = Vec — 35V, 1,4
current RO-R2 200 400 800 Vin = Vce 1,5
Notes: Applied to 1/0 pins selected as with pull-up MOS by mask option.

Applied to 1/0 pins selected as without pull-up MOS (PMOS open drain) by mask option.

Applied to HD404302.
Applied to HD404304.

1

2.

3. Pull-up MOS current and output buffer current are excluded.
a4

5
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AC Characteristics

(Vcc =5V * 10%, GND = 0 v, vd“p = Vcc — 40V to Vcc, T. = —20° to +75°C, unless
otherwise specified)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Oscillation fosc osc,, osc, 0.4 4 4.5 MHz
frequency
(divide-by-8)
Instruction teye 1.78 2 20 us
cycle time
Oscillation tre 0sc,, 0sC, 20 ms (Ceramic filter) 1
stabilization
time 40 ms (Crystal)
External fep osc, 0.4 4.5 MHz
clock frequency
External tcpu. 0sc, 92 ns Divide-by-8 2
clock high and tepL
low widths
External tepr 0OSsC, 20 ns 2
clock rising and teps
falling times
INT high and tiom. INT,, 2 teye 3
low widths tioL
ﬁ1 high and YR, IN—T1 2 teye 3
low widths 1L
RESET high trsTH RESET 2 toye 4
width
Input HD404302 All pins {except RESET) 15 pF f=1 MHz, V=0V
capacitance
Cin RESET 20 pF f=1 MHz, V=0 V
HD404304 All pins (except RESET) 30 pF —
Cin RESET 30 pF —_
HD4074308 All pins (except RESET) 20 pF f=1 MHz, V,,=0 V
Cin RESET 250 pF f=1 MHz, V,=0 V
RESET trsT RESET 20 ms 4
falling time

Notes: 1. The oscillation stabilization time is the period from when V¢ reaches 4.5 V at power-on
until when the oscillator stabilizes, or after RESET goes to high to quit the stop mode. At
power-on or when cancelling the stop mode, RESET must remain high for at least tgc. Since
tac depends on the crystal or ceramic filter's circuit constant and stray capacitance, it is
recommended that the user follow the crystal or ceramic filter manufacturer’s recommen-
dations when designing the reset circuit. Applies to the HD404302, HD4074308, and

HD404304.

C1 C'I

0SCi crystal: HC-491U OSCi Ceramic filter: CSA 4.00 MG

Ceramic &5 R¢ (4.194304MHz : Kinseki) Crystal &5 R¢ (Murata)
fitter Ry = 1 MQ = 20% Ry = 1 MO + 20%

u 10SC. Cy = C, = 20 pF * 20% u 0sC; Cy = C, = 30 pF * 20%

2

GND GND 2

2. See figure 35.
3. See figure 36.
4. See figure 37.
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A/D Converter Characteristics (Vcc = 5.0 V * 10%, Vgs = AVgs = GND,

Ta = 0" to +70°C)

Teost
Item Symbol Pin Min Typ Max Unit Condition Note
Analog power supply voltage AVee AVce Vee—0.3 Ve Vee+0.3 \Y
Analog input voltage AV, ANg-AN;  AVgg AVce \"
Current between AVge and AVgs |y - 0.08 - mA
Analog input capacity Cain ANg-AN; - 15 — pF
Resolution — — — 8 — Bit
Conversion time — . 61 ~ 536 us 1
Number of inputs — - - Channel
Absolute accuracy - - - - *2 LSB T, =25°C, 1,2
Vec =5.0V
Input impedance — ANg-AN5 1M - — Q

Notes: 1.

The operating frequency fosc of the A/D conversion is from 1 MHz to 4.5 MHz.

2. When using the R4/AN port as an analog input, the 1/0 option of the R4 port must be set

as without pull-up MOS.

This Materia
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1/fcp
Vec—0.5 V —
0SsC, __tCPH——&__tCPL
0.5V
-
teee tept
Figure 35 Oscillator Timing
— — O.BVCC
INTo. INT, toH. thH Yows tine
0.2Vce
Figure 36 Interrupt Timing
RESET
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Figure 37 Reset Timing

This Material Copyrighted By Its Respective Manufacturer




HD404302/HD404304/HD4074308

Electrical Characteristics for HD4074308

DC Characteristics
(Vece =6V *£0.25V, Vpp =
specified)

125V+03V,Vyis =0V, T, = 265C + 5°C, unless otherwise

Item Symbol Pins Min Typ Max Unit Test Condition
Input high voltage Vin 0p-07, Ap-Ay4, OE, CE 2.2 Vee+0.3 vV

Input low voltage Vi 05-05, Ap-A,,, OE, CE -0.3 0.8 Y,

Output high voltage Vg, 00-04 2.4 \Y lon=—200 uA
Output low voltage VoL 00-05 0.4 \% lor=1.6 mA
Input leakage current |1, | 0p-07, Ag-A,,4, OE, CE 2 #A  V,=5.25V/0.5V
Ve current lce 30 mA

Vpp current lpp 40 mA

AC Characteristics
(Vcc =6V *0.25 V, va =
specified)

125V *+ 0.3V, Vg

=0V, T, = 25°C * 5°C, unless otherwise

Item Symbol Min Typ Max Unit Test Condition
Address setup time tas 2 us Figure 38
OE setup time togs 2 us

Data setup time tos 2 us

Address hold time tan 0] us

Data hold time ton 2 us

Output disable delay time toe 130 ns

Vpp setup time typs 2 us

Program pulse width tew 0.95 1.0 1.05 ms

CE pulse width when overprogramming topw 2.85 78.75 ms

Vce setup time tves 2 us

Data output delay time toe 0 500 ns

Note : Input pulse level: 0.8 to
Input rise/fall time < 20

22v
ns

Input timing reference levels: 1.0V, 2.0 V
Output timing reference levels: 0.8 V, 2.0 V

This Material Copyrighted By Its Respective Manufacturer
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Verif
Program ity -
I
Address 3
tas tan 4
Data Data in: Stable Data out: Valid
Ips ton tor
Vep
Vpp Vee _] tvps
Vee  §
Vee GND 4 tvcs
o -
tpw tpes toe
OE .
topw ]/

Figure 38 PROM Programming/Verification Timing
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HD404302 and HD404304 Option List

Please check off applicable items by ®, X, or v within [].

1. Package type

Order data
OpP-42 | [CIDP-42S (Shrink PKG) B Company name
Department
2. ZTAT™ compatibility Name
0 1/0 circuit compatibility with the HD4074308 ROM code
(0 No 1/0 circuit compatibility with the HD4074308 LS type:
Note: ZTAT'M compatibility is enabled only when all pins use C or D type
circuits. In this case do not use checklists 3 and 5.
3. 1/0 option (I/0 options masked by [___] are not available) 4. ROM media

. 1/0 option Pin 1/0 option EPROM: Emul t
rf;%e 1/0 name 1/0 P L EPRO mulator type
AIB|C|D|E| |(Note1) A|lBIC|D [0 HD4074308
Do 1/0 R3q 1/0
D, 1/0 R3[| /O 5. RA1/Vyisp
R348
D, 1/0 3, 8i/0 [0 RA;: Without pull-down MOS (D)
—o
D3 1/0 R33-§ 1/0 Dvdisp
D 1/0 Rdq (1
4 __05 /0 Note: RA1/Vaisp must be selected as Vdisp
Dg 1/0 R4 R4, 1/0 except for the case when all high volt-
DG /0 R42 170 age pins are of option E.
D, 1/0 R4 1/0
Dg 1/0 Condition
D 170 .
° 2 / 6. OSC, and OSC, oscillators
Dio | 2| 1/O o
g [ Ceramic filter f= MHz
D,y |E|VO
B O Crystal f= MHz
Dy2 |z]V/O
< [ External clock f= MHz
RAIRA,| 2| | Use checklist 5
Rog (10
RO RO, 1/0
RO, 1/0
RO 170
R1q 1/0
R1,l [1/0
R1 R1, 1/0 Please write an O under the pin names to select the following 1/0 option.
L4 B: CMOS output with pull-up MOS
R13 170 C: CMOS output
D: Without pull-down MOS (PMOS open drain)
R2g |I/0 E: With pull-down MOS
R2, 1/0
R2 E o Notes: 1. When all pins are selected as C or D, checklists 3 and 5 should not be
2| used.
R2 1/0 2. When using R4/AN as the analog input, the 1/0 option of R4/AN port
should be selected as C.
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