HITACHI/ MCU/MPU

HD404019/HD4074019 1 . 4

—Preliminary—

Description

The HD404019, HD4074019 are CMOS 4-bit
single-chip microcomputers in the HMCS400
series. Each device incorporates ROM, RAM,
1/0, serial interface, and 2 timer/counters and
contains high-voltage I/O pins, including
high-current output pins to drive fluorescent
displays directly.

Features

4-bit architecture

16384 words of 10-bit ROM

—Mask ROM: HD404019

—PROM: HD4074019

992 digits of 4-bit RAM

68 I/0 pins, including 26 high-voltage I/O

pins (40 V max)

2 timer/counters

—11-bit prescaler

—8-bit free running timer/counter

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

Clock synchronous 8-bit serial interface

Five interrupt sources

—External: 2

—Timer/counter; 2

—~Serial interface: 1

Subroutine stack

—Up to 16 levels including interrupts

Minimum instruction execution time

—0.89 us

Low power dissipation modes

—Standby: Stops instruction execution
while allowing clock oscillation and
interrupt functions to operate

—Stop: Stops instruction execution and
clock oscillation while retaining RAM
data

On-chip oscillator

—Crystal or ceramic filter

—Ezxternal clock

L8E D

Packages

—64-pin shrink type plastic DIP

—64-pin flat plastic package

—64-pin shrink type ceramic DIP with
window

Instruction set compatible with

HMCS408: 101 instructions

High programming efficiency with 10-bit/

word ROM: 79 single-word instructions

Direct branch to all RAM areas

Direct or indirect addressing of all RAM

areas

Subroutine nesting up to 16 levels includ-

ing interrupts

Binary and BCD arithmetic operations

Powerful logical arithmetic operations

Pattern generation-table lookup capabil-

ity

Bit manipulation for both RAM and 1/O

Program Development Support Tools

Ordering Information
Part No.

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

In circuit emulator for use with IBM PC

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

Package
Mask ROM HD4040195  DP-64S
type HD404019F  FP-64B
HD404019H  FP-64A
ZTAT type HD40740195  DP-64S

HD4074019F FP-64B
HD4074018C DC-64S
HD4074019H FD-64A

B 4496204 00Lb902 & W
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Pin Description
GND, Vce, Vasp (Power)

GND, Vo, and Vaisp are the power supply pins
for the MCU.,

Connect GND to the ground (0 V) and apply
the Voo power supply voltage to the Vec pin.
The Vusp pin (multiplexed with RA4) is a
power supply for high-voltage I/O pins with
maximum voltage of 40 V (Vcc — 40 V). For
details, see Input/Output section.

TEST (Test)

TEST is for test purposes only. Connect it to
Vee.

RESET (Reset)

RESET resets the MCU. For details, see Reset
section.

0SC,, OSC: (Oscillator Connections)

0OSC, and OSC; are input pins for the internal
oscillator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuits. For details, see
Internal Oscillator Circuit section.

Do—Dss (D Port)
The D port is an input/output port addressed

by the bit, These 16 pins are all input/output
pins, Do to D3 are standard and D; to Dys are

T-49-19-04

high-voltage pins. The circuit type for each
pin can be selected using a mask option. For
details, see Input/Output section.

R0o—R03; Rlo—R1;, R20—R2; R3;—R3s,
R4o—R4s, R6—R63, R60—R63, R70—R73,
R8o—R83, R%—R93;, RAj, RA: (R Ports)

RO to R9 are 4-bit I/O ports. RA is a 2-bit port.
R9 and RA are input ports, and RO to R8 I/O
ports. RO, R1, R2, and RA are high-voltage
ports, and R3 to R9 are standard ports. Each
pin has a mask option which selects its circuit
type. The pins R3 R3s, R4y, R41, and R4; are
multiplexed with INTo, INT;, SCK, SI, and SO
respectively. For details, see Input/Output
section.

INTo, INT: (Interrupts)

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

SCK, 81, SO

The transfer clock I/0 pin (SCK), serial data
input pin (SI), and serial data output pin (SO)
are used for serial interface. SCK, SI, and SO
are multiplexed with Rde, R4;, and R4;
respectively. For details, see Serial Interface
Section.

G HITACH!
Hitachi America Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300 287



HITACHI/ MCU/MPU
HD404019/HD4074019

18E D

Functional Description
ROM Memory Map

The MCU-includes 16384 words X 10 bits of
ROM (mask ROM or PROM). It is described in
the following paragraphs and the ROM
memory map (figure 1).

Vector Address Area ($0000 to SO00F):
Locations $0000 through $000F are reserved
for JMPL instructions to branch to the start-
ing address of the initialization program and
of the interrupt service programs. After reset
or interrupt routine is serviced, the program
is executed from the vector address.

1-49-19-04

Zero-Page Subroutine Area (S0000 to
$003F): Locations $0000 through $003F are
reserved for subroutines. CAL instructions
branch to subroutines.

Pattern Area ($0000 to $OFFF): Locations
$0000 through $0FFF are reserved for ROM
data. P instructions can refer to the ROM data
as a pattern.

Program Area ($0000 to S3FFF): Loca-
tions from $0000 to $1FFF can be used for
program code.

'~

16383 ¢ 3FFF

° $ 0000 0 JMPL Instruction $ 0000
Vector Address A (Jump to RESET Routine) | § 0001

15 $ 000F 2] JMPL Instruction $ 0002

16 $ 0010 3 {Jump to TNTo Routine) 7's 0003

. 4 JMPL instruction $ 0004

z°'°'(';:°\;::'d:')°"""° 8|  (Jump to INTT Routine) | $ 0005

631}/ $ 003F 6 JMPL Instruction $ 0006
84 $ 0040 71 1Jump to TIMER A Routine) | $ 0007
Pattern 81 JMPL instruction $ 0008

| (4096 Words) o[ (Jump to TIMER B Routine} |$ 0009

aoos|| J $ OFFF 10 $ 000A
4096 $1000 " $ 0008
12 JMPL instruction $ 000C

Program 13] (Jump to SERIAL Routine) |$ 000D

(16384 Worbs) ] 14‘ $ 000E

L $ 000F

Figure 1. ROM Memory Map
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RAM Memory Map

The MCU includes 992 digits of 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 Bit Area ($000 to $003):
The interrupt control bit area (figure 3) is
used for interrupt controls. It is accessable
only by a RAM bit manipulation instruction.

However, the interrupt request flag cannot
be set by software. The RSP bit is used only to

reset the stack pointer. T- 49_ 1 9_04

Special Function Registers Area (S004 to
$00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counter. 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.

0 $ 000 0 $ 000
RAM-mapped Registers 1 | $ 001
Bi
2 $O1F 2 Interrupt Control Bits $ 002
32 $ 020
. 3 $ 003
R
47 ___?2T2r_y_ﬂ_eglitfr:_(r_)__ _{S 02F 4] Port Mode Reg. (PMR) ¢ W |$ 004
48 $ 030 5[ Serial Mode Reg. (SMR) | W |$ 005
Data 6] Serial Data Reg. Lower (SRL) |R/w|$ 006
(928 Digits) 7] Serial Data Reg. Upper (SRU} IR/W $ 007
8] Timer Mode Reg. A {TMA) | W |$ 008
91 Timer Mode Reg. B (TMB) | W |$ 009
10 L Timer B (TCBL/TLRL) IR/W}¢ 00A
11 (TCBU/TLRU):R/W|$ 00B
12 $ 00C
959 $ 3BF
960 $3C0 Not Used
s‘;?'ﬁ 31 $O1F
1023 64 Digits) $3FF

Note: Two registers are mapped on same address.

R: Read Only 10 ﬁmer/Even:T%)glr-\;er B Loweri R Timer LOF;{LRE)Q. Lower w | $00A
W: Write Only - : —
R/W: Read/Write 11 Tlmer/Even(tTCc:;oBuat)er B Upperé R Timer Lo(z;_cii- RRS? Upper ‘w | soos

Figure 2. RAM Memory Map
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Data Area ($020 to $3BF): 16 digits, $020
through $02F, of the data area are called
memory registers (MR) and are accessible by
LAMR and XMRA instructions (figure 4).

Stack Area ($3C0 to $3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status (ST), and carry (CA) when su-

broutine calls (CAL instruction, CALL
instruction) and interrupts are serviced. This
area can be used as a 16 nesting level stack in
which one level requires 4 digits. Figure 4
shows the save condition. The program
counter is restored by RTN and RTNI instruc-
tions. Status and carry are restored only by
the RTNI instruction. This area, when not
used for a stack, is available as a data area.

bit 3 bit 2 bit 1 bit O
IMO IFO
o 0 0 RSP _ I/E $000
{IM of INTo) (IF of INTo) (Reset SP Bit) {Interrupt Enable Flag)
] IMTA IFTA M1 IF1 $001
(IM of TIMER A) {IF of TIMER A) (IM of INTy) (IF of INT})
IMTB IFTB
2 Not Used Not Used 0!
ot Vse otise (M of TIMER B) | (Fof TIMER B) | TO02
IMS IFS
3 Not U t Used
ot Used Not Use (IM of SERIAL) (F of SERIAY | 093

IF:  Interrupt Request Flag
{M: Interrupt Mask?
I/E€: lnterrupt Enable Flag
SP: Stack Painter

affected by the SEM/SEMD instruction,

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

The contents of status becomes invalid when a "Not Used"” bit is tested.

Figure 3. Interrupt Control Bit Area Configuration

Memory Registers Stack Area
321 MRI(0) $020 960| Level 16 {$3CO
33| MR(1} |$021 Level 15
341 MR(2) [$022 Level 14
36| MR{3} [$023 Level 13
36/ MR(4) [$024 tevel 12
371 MRI(5) |$026 Level 11
38| MRI(6) $026 Level 10
39 MRI(7) $027 Level 9
40| MR(8} |[$028 Level '8
41] MR(8) |[$029 Level 7
42| MR(10} |$02A Level 6
43{ MR{11) |$02B Level 5
44] MR{12} |$02C Level 4
45] MR(13] |$02D Level 3
46| MR{14) |$02€E Level 2
471 MR(15) |$02F 1023 tLevel 1 |$3FF

ST: Status
CA: Carry
bit 3 bit 2 bit 1 bit 0
¥ T
1020 ST PCu FCiz PCn |$3FC
| i
1 i
1021 PCwo PCa PCs PCr $3FD
]
t 1
1022 caA PCs PCs PC: |$3FE
—
10231 PCa PC2 PCy PCo |$3FF
| 1 |

PCq3 to PCo: Program Counter

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position
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Registers and Flags

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

Accumulator (A), B Register (B): The 4-bit
accumulator and B register hold the results
from the arithmetic logic unit (ALU), and
transfer data to/from memories, I/0O, 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 RAM. The Y
register is also used for D port addressing.

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

Carry (CA): The carry (CA) stores the over-
flow from ALU generated by an arithmetic
operation. It is also affected by SEC, REC,
ROTL, and ROTR instructions.

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

Status (ST): The status (ST) holds the ALU

overflow, ALU non-zero, and the results of 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 remains unchanged until the next
arithmetic, compare, or bit test instruction is
executed. Status becomes 1 after a BR, BRL,
CAL, or CALL instruction whether it is
executed or skipped. During interrupt servic-
ing, status is pushed onto the stack. It is
restored back from the stack by a RTNI
instruction, but not by a RTN instruction.

Program Counter (PC): The program
counter is a 14-bit binary counter which con-
trols the sequence in which the instructions
stored in ROM are executed.

Stack Pointer (SP): The stack pointer (SP)
points 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 in-
cremented 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.

I A | A

3 4]

3

E X Register
3 (]

__Y Y Register
0

3

1o
W Register
0

SPX SPX Register

SPY SPY Register

Carry
Status
)]

PC

Program
Counter

nOnoe

P

Stack
Painter

Figure 6. Registers and Flags
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The stack pointer is initialized to $3FF by
either MCU reset or the RSP bit, reset by a
REM/REMD instruction.

Interrupt

Five interrupt sources are available on the
MCU: external requests (INTo, INT;), timer/
counter (timer A, timer B), and serial port
(serial), 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
Service: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are accessible by RAM bit
manipulation instructions. (The interrupt
request flag (IF) cannot be set by software.)
The interrupt enable flag (IE) and IF are
cleared 0, and the interrupt mask (IM) is set to
1 at initialization 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.

$ 000.0
IE

Sequence Control

$000,2
i¥o |
$ 000.3 ;

- Push PC CA ST
| - Reset 1/E

+ Jump to Vector
| Address

iMO

l—

Vector

Prionty Control PLA . Address

$ 001.0
IF1

$001.2
IFTA

$001,3
lmn

$ 002.0
IFT8

$ 002,1
iMT8

$003,0
IFS

e
$003,1
IMS

Figure 6. Interrupt Control Circuit Block Diagram
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An 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 addresses will be generated from the
priority PLA corresponding to the interrupt
sources.

Figure 7 shows the interrupt service
sequence, and figure 8 shows the interrupt
service flowchart. If an interrupt is requested,
the instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.

HD404019/HD4074019

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

In each vector address, program JMPL
instruction to branch to the starting address
of the interrupt service program. The IF
which caused the interrupt service must be
reset by software in the interrupt service
program. .

Table 1. Vector Addresses and Inter-

rupt Priority

Reset, Interrupt Priority Vector addresses

RESET - $0000
iNTo 1 $0002
INTy 2 $0004
Timer A 3 $0006
Timer B 4 $0008
SERIAL 6 $000C

Table 2. Conditions of Interrupt Service

Interrupt Control Bit INTo INT; TimerA TimerB SERIAL
I/E 1 1 1 1 1
IFO-IMO 1 0 0 0 0
IF1MT * 1 0 0 0
IFTA-IMTA * * 1 0 0
IFTB-IMTB * * * 1 o}
IFS-TMS * * * * 1

Note: * Don't care )
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Interrupt Enable Flag (I/E: $000 Bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupt servicing and set by the
RTNI instruction.

External Interrupts (INT,, INTi): The
extemal interrupt request inputs (INTo, INT})
can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes R33/INT; pin and R32/INT, pin to be
used as INT} pin and INT, pin respectively.

The external interrupt request flags (IF0, IF1)
are set at the falling edge of INTy and INT}
inputs. (Refer to table 4.)

The INT) input can be used as a clock signal
input to timer B. Then timer B counts up at
each falling edge of the INT; input. When INTy
is used as timer B external event input,

external interrupt mask (IM1) has to be set so
that the interrupt request by INT; will not be
accepted. (Refer to table 5.)

External Interrupt Request Flags (IFO0:
$000 Bit 2, IF1: $S001 Bit 0); The external
interrupt recquest flags (IF0, IF1) are set at the
falling edge of the INT,, and INT; inputs
respectively.

External Interrupt Masks (IMO0: $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 R32/INTo pin, R33/INT; pin,
R44/8I pin, and R42/SO pin 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

Interrupt Enable Flag Interrupt Enable/Disable PMR3 R33/INT; Pin
0 Disable o] Used as R33 port input/output pin
1 Enabl J—
navle 1 Used as INT; input pin
Table 4. External Interrupt Request __
Flag PMR2 R32/INTp Pin
External Interrupt Request Flags  Interrupt Requests 0 Used as R32 port input/output pin
0 No 1 Used as INTg input pin
1 Yes
PMR1 R44/S1 Pin
Table 6. External Interrupt Mask 0 Used as R41 port input/output pin
External Interrupt Masks Interrupt Requests 1 Used as S! input pin
Q Enable
1 Disable {mask) PMRO R42/S0 Pin
4] Used as R4» port input/output pin
1 Used as SO output pin
@ HITACHI
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[nstruction 1 2 3 4 6 6
Cycles
Interrupt Stacking, \s,':t:“gdd'&

JMPL instruction execution on the
vector address

Instruction

of the interrupt
routine

Figure 7. Interrupt Servicing Sequence
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Power
ON
RESET>N°
Yes
lnterk Yes
Requy
?
No
(A) {B) (C)
Execute Interrupt
Resst MCU Instruction Accept
PC—(PC)+1 I/E— 0
Stack—(PC)
] Stack«(CA)
Stack«(ST)

«—] PC+$ 0002

«—  PC—$ 0004

<1 PC—$ 0006

=1 PC—$ 0008

e PC«—$ 000C

(Serial Interrupt)

Figure 8. Interrupt Servicing Flowchart

G HITACH!

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




HITACHI/ MCU/MPU

L8E D

B 4496204 0016915 & A

T-49-19-04

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 R40/SCK and the
transfer 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 transfer clock signal.

STS instruction initiates serial interface
operations and resets the octal counter to $0.
The counter starts to count at the falling edge
of the transfer clock (SCK) signal and incre-
ments by one at the rising edge of SCK. When
the octal counter is reset to $0 after eight
transfer clock signals, or when a transmit/
receive operation is discontinued when the
octal counter is reset, the serial interrupt
request flag will be set.

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls
the R4¢/SCK, prescaler divide ratio, and
transfer 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 transfer clock, and it
also resets the octal counter to $0 simultane-
ously. 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.

Contents of the serial mode register will be
changed on the second instruction cycle after
the serial mode register has been written to.

HD404019/HD4074019

Therefore, the STS instruction must be
executed after the data in the serial mode
register has been changed completely. The
serial mode register will be reset to $0 by
MCU reset.

Serial Data Register (SRL: $006, SRU:
$007): The 8-bit read/write serial data regis-
ter consists of a low-order digit (SRL: $006)
and a high-order digit (SRU: $007).

The data in the serial data register is output
from the SO pin, from LSB to MSB,
synchronously with the falling edge of the
transfer clock signal. At the same tims,
external data is input from the SI pin to the
serial data register, MSB first, synchronously
with the rising edge of the transfer clock.
Figure 10 shows the I/O timing chart for the
transfer clock signal and the data.

The read/write operations of the serial data
register should be performed after the com-
pletion of data transmit/receive. Otherwise
the data can 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 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 that in the serial mode register.

Initialize the serial interface by a write signal
to the serial mode register when the opera-
tion mode is changed.
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Table 7. Serial Mode Register
SMR3 R4¢/SCK
0 Used as R4q port input/output pin
1 Used as SCK input/output pin
Transfer Clock
SEIC Prescaler System Clock
SMR 2 SMR 1 SMRO R40/SCK Port Clock Source Divide Ratio Divide Ratio
0 (o] SCK Output Prescaler + 2048 + 4096
0 1 SCK OQutput Prescaler + 5612 + 1024
0 1 0 SCK Output Prescaler <+ 128 + 256
(4] 1 1 SCK Output Prescaler + 32 + 64
1 o] 0 SCK Output Prescaler + 8 + 16
1 0 1 SCK Output Prescaler + 2 + 4
1 1 4] SCK Output System Clock — + 1
1 1 1 SCK Input External Clock  — —
OC (3 bit)
System ) Qotal SROF 1 1rs
Clock Prascaler (11bit) Co% :ter
I Serial Interface]
FTaTe g\terrup;tﬂ
o Gy
selBE S o
] .9 { Internal Bus Line (S1} |
Serial MPX ] +2 P MPX }4 }4
] SCK SR (8 bit)
3 Serial Data Register T
SMR (4 bit) PMR (4 hit) 14 14
4 Sﬁgalig/t!:;i ° F '?:;O%i“sﬂt%?e I Internal Bus line ({S2) I
SCK 1
I Internal Bus Line (S2) ] £12
R4o/SCK R4Sl | | R4,/S0 ||
Port Port Port
@= O -

Figure 9. Serial Interface Block Diagram
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Operating State of Serial Interface: The
serial interface has three operating states,
the STS waiting state, SCK waiting 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 interface enters this state in one of two
ways: either by the operation mode changing
through a change in the data in the port
mode register, or by data being written into
the serial mode register. In this state, the
serial interface does not operate even if the
transfer clock is applied. If an STS instruction
is executed, the serial interface shifts to SCK
waiting state.

In this state the falling edge of the first trans-

T-49-19-04

_HD404019/HD4074019

fer clock causes the serial interface shift to
transfer state. While the octal counter counts
up and the serial data register shifts simul-
taneously. As an exception, if the clock con-
tinuous output mode is selected, the serial
interface stays in SCK waiting state while the
transfer clock outputs continuously.

The octal counter becomes 000 again after 8
transfer clocks or execution of an STS
instruction, so the serial interface returns to
SCK waiting state and the serial interrupt
request flag is set simultaneously.

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

Table 8. Serial Interrupt Request Flag

Table 10. Serial Interface Operation Mode

Interrupt . .
Seral Interrupt Request Flag Request SMR3 PMR! PMRO Serial Interface Operating Mode
0 No 1 0 0 Clock continuous output mode
1 Yes 1 0 1 Transmit mode
1 1 0 Receive mode

Table 9. Serial Interrupt Mask

Interrupt
Serial Interrupt Mask Request
0 Enable
1 Disable {mask)

Transmit/receive mode

Transfer Clock I I | I l I | I | | I | l l

Serial Qutput Data

Serial Input Data
Latch Timing

Figure 10. Serial Interface I/O Timing Chart
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Transgfer Clock Errors Detection Exam-
ple: The serial interface functions abnormally
when the transfer clock is disturbed by
external noises. Transfer clock errors can be
detected by the procedure shown in figure
12,

If more than 8 transfer clocks occur in the

SCK waiting state, the state of the serial
interface shifts as follows: first, transfer state,
second, SCK waiting state and third, transfer
state again. The serial interrupt flag should
be reset before entering into the STS state by
writing data to SMR. This procedure sets the
serial IRF again.

Note: Change PMR means the operation
mode changes as below:

Clack + Transmit Mode
Continuous L] - Receive Mode
Output Mode| |+ Transmit/Receive

SCK Waiting State
(Octal Counter=000)

STS Waiting State

(Octal Counter =000 )

Transfer Clock Disable Change PMR {Note}

Transfer Clock

Transfer State

8 Transfer Clocks, (Octal Counter=000)

STS Instruction
(IFS+1)

oy
-

Figure 11. Serial Interface Operation State

Transmit/Receive
(IFS<1)

[]
{nterrupt
Disable

:

IFS<-0

l

Write to
SMR

No

Yes Transfer Clock
Error Processing

Normal End

Figure 12. Transfer Clock Error Detection Example
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Timer

The MCU contains a prescaler and two timer/
counters (timer A, timer B), See figure 13. The
prescaler is an 11-bit binary counter, timer A
an 8-bit free-running timer/counter, and
timer B an 8-bit auto-reload timer/event
counter.

Prescaler: The input to the prescaler is the
system clock signal. The prescaler is initial-
ized 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 in MCU reset and
stop mode. The prescaler provides clock sig-
nals to timer A, timer B, and the serial inter-
face. The prescaler divide ratio is selected by
timer mode register A (TMA), timer mode
register B (TMB), or the serial mode register
(SMR).

Timer A Operation: After timer A is initial-
ized to $00 by MCU reset, it counts up at
every clock input signal. When the next clock
signal is applied after timer A becomes $FF, it
generates an overflow and becomes $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 periodically
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 R33/INT; as INT; 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 the timer load register by soft-
ware. Timer B counts up at every clock input
signal. When the next clock signal is applied
to timer B after it is set to $FF, it will generate
an overflow output. In this case, if the auto-
reload function is selected timer B is initial-
ized according to the value of the timer load
register. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:

I internal Bus Line {S1) l
Timer Mode Register B
14
TMB (4 bit) STNTYT)
Timer Latch 14
3 Reg.
J— 4
T, L1 T
. CPT8 TCB (8 bit) TBOF
(:) Timer B MPX Timer/Event Counter B IFT8
T s TTITT1T i
o M e $ Se é TLR (8 bit Request Flag
M 1 Timer Load Register of Timer B
System .
P 11 bit]
Clock (116it 1 17
R { intemal Bus Line {S2) |
@~ &
R E L EREE
f ] e
Timer A MEX CPTA TCA (8 bit) TAOF FTA
Timer Counter A
Interrupt
13 Request Flag
of Timer A
TMA (3 bit)
Timer Mode Register A

Figure 13.

Timer/Counter Block Diagram
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$002 hit 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 register which selects the auto-reload
function, the prescaler divide ratio, and the
source of the clock input signal, as shown in
table 12, The timer mode register B is initial-
ized to $0 by MCU reset.

The operation mode of timer B changes at the
second instruction cycle after the timer mode
register B is written to. Timer B should be
initialized by writing data into the timer load
register after the contents of TMB are chan-
ged. Configuration and function of timer
mode register B is shown in figure 14.

Timer B (TCBL: $00A, TCBU: $00B, TLRL:
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer/event 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.)

The timer/event counter can be initialized by
writing data into the timer load register,
Write the low-order digit first, and then the
high-order digit, The timer/event counter is
initialized when the high-order digit is writ-
ten. The timer load register is initialized to
$00 by the MCU reset.

The counter value of timer B can be obtained
by reading the timer/event counter. 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.

-
L—— Transfer clock selection

R44/SCK pin mode selection

’_‘ Timer B input clock selection

PMR:$ 004 SMR:$ 005
PMR3|PMR2|PMR1|PMRO SMR3{SMR2|SMR1{SMRO
R4,/S0 pin mode selection
R4,/Sl pin mode selection
R32/INTo pin mode selection
R33/INT; pin mode selection
TMA:$ 008 TMB:$ 009
TMA2| TMA 1 TMAO TMB3|TMB2{TMB1|TMBO
— v J L v J
Timer A input clock selection

Auto-reload function selection

M 4496204 0016920 T WA

T-49-19-04

Figure 14. Mode Register Configuration and Function
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Timer A Interrupt Request Flag (IFTA:
$001 Bit 2): The timer A interrupt request
flag is set by the overflow output of timer A
(table 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 interrupt 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
TMA2 TMA1 TMAO Prescaler Divide Ratio

o o o + 2048
o o 1 + 1024
0 1 0 + 512
0 1 1 + 128
1 o o + 32
1 0 1 + 8
1 1 0 + 4

Table 13, Timer A Interrupt Request

Flag
Timer A Interrupt
Request Flag Interrupt Request
0 No
1 Yes

Table 14. Timer A Interrupt Mask

Timer A Interrupt Mask  Interrupt Request

o Enable

1 Disable (Mask)

Table 15. Timer B Interrupt Request

Table 12. Timer Mode Register B Flag
Timer B Interrupt
TMB3 Auto-reload Function Request Flag Interrupt Request
0 No 0 No.
1 Yes 1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMB0 Clock Input Source

Table 16. Timer B Interrupt Mask

Timer B Interrupt Mask Interrupt Request

0 0 0 +~ 2048

o] Enable
0 0 1 + 512

1 Disable {Mask)
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)
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Input/Output

The MCU has 58 I/0O pins, 32 standard and 26
high voltage. One of three circuit types can
be selected by mask option for each standard
pin: CMOS, with pull-up MOS, and without
pull-up MOS (NMOS open drain); and one of
two circuit types can be selected for each
high-voltage pin: with pull-down MOS and
without pull-down MOS (PMOS open drain).
Since the pull-down MOS is connected to the
internal Vuisp line, Vaisp must be selected for
the RA1/Vuisp pin via mask option when with
pull-down MOS option is selected for at least
one high-voltage pin. See table 17 for I/O pin
circuit types.

When every input/output pin is used as an
input pin, the mask option and output data
must be selected in the manner specified in
table 18.

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

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

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

D Port: 1/0 port D has 16 discrete 1/O pins,

0930 b-01

each of which can be addressed indepen-
dently. It can be set/reset through SED/RED
and SEDD/REDD instructions, and can be
tested through TD and TDD instructions. See
tables 17 and 18 for the classification of stan-
dard pin, high-voltage pin, and the I/O pin
circuit types.

R Ports: The eleven R ports in the
HD404019/HD4074019 are composed of 36
1/0 pins, and 6 input-only pins. Data is input
through LAR and LBR instructions and out-
put through LRA and LRB instructions. The
MCU will not be affected by writing into the
input-only and/or non-existing ports, while
invalid data will he read when the output-
only and/or non-existing ports are read.

The R3z, R33, R4q, R44, and R4; pins are multi-
plexed with the INT,, INT;, SCK, SI, and SO
pins respectively. See tables 17 and 18 for the
classification of standard pins, high-voltage
pins and selectable circuit types of these I/O
pins.

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

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

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

R4¢/SCK and R4;/SO should be used as R4
and R4:; by serial mode register and port
mode register respectively.
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Table 17. I/0 Pin Circuit Types T-49-19-04
ithout Pull-Up MOS i -u licable
Without Pull Up'M With Pull-Up MOS CMOS (C) App ical
(NMOS Open Drain) {(A)| (B) Pins
__ Do—D3
HLT Input acT Input AT Input _
I/0 Vee Vee __\gﬁl';: art R4o—R43
Common T O‘ R}HLT R59—R63
Pins 0 Output Output| R69—R63
utput data data
:=°, data R70-R73
l p—
T R8o—R83
@
°
3
n Vee
Input -
: T HLT ___ o —
Pins HLT D input o] AL input R8s—R93
data deta
Table 17. 1/0 Pin Circuit Types (cont)
i - Applicabl
Without Pull Dow'n MOS With Pull-Down MOS (E) Pp icable
(PMOS Open Drain) (D) Pins
Vee
HLT Ds—D1s
i/0 O_ hG: Output ROo—RO3
Common data
. Rio—R13
Pins Vel R20—R2
@ Vvdisp WD Input 0 3
g data
a
-]
m —
% \ _ HLT input
3| input HLT input data
£ Pins data Vee RAo
I Vasp
Input AT Input
Pins O__—D_ data RA:
@ HITACHI
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Table 17, 1/0 Pin Circuit Types (cont)
Without Pull-Up MOS (NMOS Open Drain) . Applicable
or CMOS (A or C) With Pull-Up MOS (B) Pins
HLT
VCC HLT__—_ Vcc ’ Vcc HLT+
1/0 HLT +mode select ‘moda select SCK (Note 2
c-ommon | » tﬁ' {Output mode}
Pins O— . O_ I
internal SCK Soe— 4
- .
]
a Vee Vee Ve
g Output AT HIT
Pins SO
&
SO SO
INTo
' nout INT1
t npu
Input . P” data P data st
Pins HLT HLT 8CK
{Input mode})

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

2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK
terminal becomes input only.
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Table 18. Data Input from Input/Output Common Pins T'49'19-04

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CcMOS No —

Without pull-up MOS

{NMOS open drain) Yes !

With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS Yes 0

{PMOS open drain)

With pull-down MOS Yes o]

_I—\___Write pulse

{Qutput

Pull-up MOS (C) PMOS (B) instruction)

HLT

G ' NMOS (A)

T
MOS On Resistance Value
Buffer
A approx. 250 Q
B approx. 1kQ
(o approx. 30kQ to 160kQ
{(Vee =B V)

1 Instruction cycle

4 N 4 4 3
Y t T

QOutput instruction execution

Write pulse

Figure 16. Output Circuit Operation of Standard Pins With Pull-Up MOS Option
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Reset

T-49-19-04

instructions cycles are required for the MCU
to be reset.

Bringing the RESET pin high resets the MCU.

At power-on, or when cancelling stop mode,
the reset must satisfy tpe for the oscillator to

stabilize. In all other cases, at least two

Table 19 shows the parts initialized by MCU
reset, and the status of each.

Table 19. Initial Value After MCU Reset
Initial Value by
Items MCU Reset Contents
Program Counter (PC) $0000 Execute program from the top of ROM
address
Status (ST) 1 Enable to branch with conditional branch
instructions
Stack Pointer (SP) $3FF Stack level is O
1/0 Pin Standard Pin  (A) Without PuUp 1 Enable to input
Qutput Register MOS
(B) With Pull-Up 1 Enable to input
MOS
(C) CMOS 1 —
High-Voltage (D) Without Pull- O Enable to input
Pin Down MOS
(EJ With Pull- 0 Enable to input
Down MOS
Interrupt Flag Interrupt Enable Flag {I/E) (] Inhibit all interrupts
Interrupt Request Flag (iF) (o] No interrupt request
Interrupt Mask (IM) 1 Mask interrupt request
Mode Register Port Mode Register (PMR) 0000 See port mode register
Serial Mode Register (SMR} 0000 See serial mode register
Timer Mode Register A (TMA} 000 See timer mode register A
Timer Mode Register B (TMB)} 0000 See timer mode register B
Timer/Counter Prescaler $000 —
Timer/Counter A (TCA) $00 —
Timer/Event Counter B (TCB) $00 —
Timer Load Register {TLR) $00 —
Octal Counter ale]e} —
@ HITACHI
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Table 19. Initial Value After MCU Reset (cont) T-49-19-04
After recovering from STOP  After MCU reset except for
Item mode by MCU resst the left condition
Carry (CA) The contents of the items before  The contents of the items before
Accumulator (A) MCU reset are not retained. MCU reset are not retained.
{tis necessary to initialize them by It is necessary to initialize them by
B Register (8) software. software.
W Register W)
X/SPX Registers {(X/SPX)
Y/SPY Registers {Y/SPY)
{SR)

Serial Data Register

RAM

The contents of RAM before
MCU reset (just before STOP
instruction) are retained.

Hitachi America Ltd.  Hitachi Piaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819  (415) 689-8300
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1-49-
Internal Oscillator Circuit lator can be selected as the oscillator type.
Refer to table 20 to select the type. In addi-
Figure 16 outlines the internal oscillator cir- tion, see figure 17 for layout of the crystal or
cuit. Crystal oscillator or ceramic filter oscil- ceramic filter.

! Oscillator

0SC:

Divider Timing
circuit generator System
1/4 circuit clock

T

Figure 16. Internal Oscillator Circuit

Figure 17. Layout of Crystal and Ceramic Filter
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Table 20. Examples of Oscillator Circuits T-49‘19’04
Circuit Configuration Circuit Constants
External Clock Osciilator
Operation [ ————
D— 0SsCy
Open—{0SC;
vt t—
Ceramic Filter Ceramic filter
Oscillator . CSA4.00MG
ceramia]F T Ilosc. {Murata)
fher T:: R Re: 1 MQ £ 20%
L osc, Cy: 30 pF + 20%
& I Cz 30 pF + 20%
Crystal Oscillator Re 1 MQ £ 20%
4(,:" Ilasc. C1: 10-22 pF =+ 20%
o % . Cz 10-22 pF * 20%
- osc: Crystal: equivalent to circuit shown
& Co 7 pF max.
Al ol Rg 100 0 max.
f: 1.0—4.5 MHz
0S¢ L Ci Rs 2
S e

Notes : 1, Since the circuit constants change according to the crystal and ceramic filter resonator and
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter
maker to determine the circuit parameter.

2. Wiring between 0SCy, OSC2, and elements should be as short as possible, and never cross
other wiring. Refer to figure 17.
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Operating Modes

Low Power Dissipation Mode

The MCU has two low powser dissipation
modes, standby mode and stop mode (table
21). Figure 18 is a mode transition diagram for
these modes.

Standby Mode: Executing an SBY instruc-

T-49-19-04

tion puts the MCU into standby mode. In
standby mode, the oscillator circuit is active
and interrupts, timer/counter and serial
interface working. On the other hand, the
CPU stops since the clock related to the
instruction execution stops. Registers, RAM,
and I/O pins retain the states they were in
just before the MCU went into standby mode.

Table 21, Low Power Dissipation Mode

Condition Standby Mode Stop Mode
Instruction SBY instruction STOP instruction
Qscillator circuit Active Stopped
Instruction execution Stopped Stopped
Register, flag Retained Reset {note 1)
Interrupt function Active Stopped

RAM Retained Retained

input/output pins Retained {note 2)

High impedance

Timer/counter, serial Active Stopped
‘interface
Recovery method RESET input, interrupt request RESET input

Notes:
flags and registers.

1. The MCU recovers from stop mode by RESET input. Refer to table 19 for the contents of

2. As I/0 circuits are active, an |/O current may flow in standby mode, depending on the
state of the I/O pins. This is an additional current added to the standby mode current

dissipation.

@ HITACHI
312 Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Paint Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300

B 4496204 001e930 2 W



HITACHI/ MCU/MPU

T-49-19-04

L8E D

B 4496204 001b93L 4 N

HD404019/HD4074019

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 asserted, the interrupt is executed,
while if it is 0, the interrupt request is put on
hold and normal instruction execution con-
tinues. In the latter case, the MCU becomes
active and executes the next instruction fol-
lowing the SBY instruction.

Figure 19 shows the flowchart of the standby
mode.

Stop Mode: Executing a STOP instruction

brings the MCU into stop mode, in which the
oscillator circuit and every function of the
MCU stop.

Stop mode may be cancelled by resetting the
MCU. At this time, as shown in figure 20,
reset input must be applied for at least tac for
oscillation to stabilize. (Refer to AC Charac-
teristics table.) After stop mode is cancelled,
RAM retains the state it was in just before the
MCU went into stop mode, but the accumu-
lator, B register, W register, X/SPX registers,
Y/SPY registers, carry, and serial data register
may not retain their contents.

Standby

Figure 18. MCU Operation Mode Transition
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SBY

Oscillator Active

Peripherat Clocks
Active

All Other Clocks

Stop

Restart
Processor Clocks

Restart
Processor Clocks

No

{A) 7 {8) Yes ()
Execute Interrupt
Resat MCU Instruction Accept

Figure 19. MCU Operating Flowchart in Standby Mode

[
{.
L
Internal clock _—l L_I l_.l

Stop mode

{
—

)l
ol

{L

T T1

RESET T

37

STOP instruction execution

/
101 O
o

N

s

{more than stabilization time: tac)
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Figure 20. Timing Chart of Recovering from Stop Mode
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PROM Mode Pin Description T-49-19-04
Table 22 and figure 21 describe the pin func-
tions in PROM mode
Table 22. PROM Mode Signals
Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode
DC-64S, o 648 Symbol 1/0  Symbol 1/0 DC-64S, o 648 Symbot 1/O0  Symbal 1/0
DP-64S DP-64S
1 59 D1y 1/0  Veo 33 27 R4/SCK /O O4 I/0
2 60 D12 I/0 34 28 R44/SI I/0 Os /0
3 61 D13 1/0 35 29 R42/S0 I/0 Og 1/0
4 62 Dia 1/0 36 30 R4, /0 0y I/0
5 63 Dis I/0 37 31 R7 /0 CE !
6 64  ROp /o A ! 38 32 R7:i /O OE i
7 1 RO4 /0O Az ] 39 33 R7:2 I/0
8 2 ROz /0 Ag { 40 34 R7;3 1/0
9 3 RO3 /O A4 ] 41 35 R8o I/0
10 4 R1o I/0  As I 42 36 R8;, 1/0
11 5 R14 I/0 A ! 43 37 RS 1/0
12 6 R12 /0 As 1 44 38 R8s /0
13 7 R13 /0 As 1 45 39 R9o | Vep
14 8 R2o /0 Ao i 46 40 R9 l Aq I
15 9 R24 I/0 Ao ] 47 41 R9 | Mo |
16 10 R2 /0 A { 48 42 R9 I M ]
17 11 R2; /0 A1z i 49 43  RESET | "RESET |
18 12 RAg ] Vee 50 44 TEST | TEST |
19 13 RA; ] 51 45 0OSCy |
20 14 R3; I/0 A | 62 46 0SC: 0O
21 16 R3, /0 A 1 53 47 GND GND
22 16 R3yINT, I/O 54 48 Do /0 0o 1/0
23 17  R3yiNT, I/O 55 49 Dy /0 04 1/0
24 18  Rb5g I/0 56 50 D 1/0  0O2 I/0
25 19 RS, I/0 57 51 Da 1/0 O3 /0
26 20 A6y 1/0 58 52 Da I/0
27 21 R63 I/0 59 53 Ds i/0
28 22 R6, 1/0 60 54 D I/0
29 23 R6 I/0 61 56 Dy I/0
30 24  R6; 1/0 62 56 Ds I/0
31 25 R63 1/0 63 57 De 170
32 26 Ve Ve 64 58 Do /0 Vce
Note: 1/0: Input/OQutput Pins
l: Input Pins
O: Output Pins
@ HITACHI
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Ver (Program Voltage): Ver is the input for

the program voltage (125 V £ 0.3 V) for
programming the PROM.

CE (Chip Enable): CE input programs and
verifies intermal PROM.

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

Ao— Ay (Address Bus): Ap— Ay are address
input pins for internal PROM.

0Qo0—07 (PROM Data Bus): Op—O7 are the
data bus for intemal PROM.

Mo, M; (Mode): M; and M, set PROM mode.
PROM mode is set when Mo, Mj, and TEST
pins are low level and RESET pin is high level.

Vee O Vee
[m
O
g
O
A
Az ]
A3 O 0s
Al 02
As O Os
As O] Oo
A O GND
A G
Ay O
Al TEST
An(] RESET
Az[] M
Vee o
[m As
Al Ve
Y=
]
m
O
O
= —
= Gt
(m CE
[w 07
g Qs
[m Os
Vee O [o B
{DP-84S, DC-84S5]
{Top View}

HD4074019

HD4074019 S RESET

§2&3

[BINININ|NIN]N]N|

(FP-848)
{Top View)

G: GND {Vgs level)
No mark: Open

Figure 21. PROM Mode Pin Arrangement
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Programmable ROM Operation

The HD4074019's on-chip PROM is pro-
grammed in PROM mode (figures 22—24).
PROM mode is set by bringing TEST, My, and
M low, and RESET high as shown in figure
22. In PROM mode, the MCU does not oper-
ate. It can be programmed like a standard
27256 EPROM using a standard PROM pro-
grammer and a 64-to-28-pin socket adapter.
Table 24 lists recommended PROM pro-
grammers and socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400 series
microcomputer incorporate conversion circuit
to use a general perpose PROM programmaer.
By this circuit, an instruction is read or pro-
grammed using 2 addresses, lower 5 bits and
upper 5 bits as shown in figure 23. 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.

Programming And Verification

The HD4074019 can be high-speed pro-
grammed without causing voltage stress or
affecting data reliability.

Table 23 shows how programming and veri-
fication modes are selected.

Figure 24 is a programming flowchart, and
figure 42 is a timing chart. For precautions on
PROM programming, refer to Precautions and
On-Chip EPROM reliability after programing.

Erasing

PROMs in ceramic window packages can be
erased by ultraviolet light. All erased bits
become 1s.

Erasing conditions are: ultraviolet (UV) light

T-49-19-04

HD404019/HD4074019

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

Precautions

1. Addresses $0000 to $7FFF should be speci-
fied if the PROM is programmable by a
PROM programmer. Note that the plastic
package type cannot be erased and repro-
grammed. (Ceramic window packages can
be erased and reprogrammed by ultraviolet
light.) Data in address space beyond $8000
must be set to $FF,

2, Be careful that the PROM programmer,
socket adapter and LSI match. Using the
wrong programmer of 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 in the programmer,

3. The PROM should be programmed with
Vep=12.6 V. Other PROMs use 21 V. If 21 V
is applied to the HD4074019, the LSI may
be permanently damaged. 12,5 V is Intel's
27256 Vpp.

On-Chip EPROM Reliability after Pro-
gramming

Generally, semiconductors are reliable except
for initial failures. Parts can be screened to
avoid failures. Exposure to high temperature
is a kind of screening which removes PROM
memory cells with data hold failures in a
short time. This is done to the ZTATs in the
wafer stage, so ZTAT data hold charcteristics
are high. Exposing the LSI to 150°C after user
programming can effectively upgrade these
characteristics. Figure 26 shows the recom-
meded screening flow.

@ HiTACHI
Hitachi America Ltd. « Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 o (415) 589-8300 317



HITACHI/ MCU/MPU

LaE D

W 4496204

001k93L 3 M

HD404019/HD4074019

T-49-19-04

Vee
Vee T
i Vee
RESET
TEST
Mo
1
Vee > "
r 00—07 00—07
Address
RO/ Ver  Ap—Au K1 -0
14
| OF
je———— CE
GND
Figure 22. PROM Mode Function Diagram
$0000 1, 1 1 o4 bwi3 o2 bt bad anaerusl | IMPL tnstrucnon _| socc0
$0001 t, v, 1 bitd | b8 , bit7  ba6 | b5 | Upper Sbits $oc00 tJump to RESET Rautinel $0001
JMPL Instructon $0002
§ [ Vector Address [ ump 10 NTe Routnel 7 ¢0003
SOOIF $000F JMPL Instruction $0004
50020 $0010 [~ tJump to INTT Rouune} 1 socos
Zeto-Page Subioutine | JMPL Instructian | s00086
S 164 Waords) tJump to TIMER A Routine! | o007
| JMPL instrugtion ] soo08
£007F S003F tJump to TIMER 8 Routne) | $6008
$0080 $0040 $000A
> Pautern $0008
§ 14096 Wards) JMPL Instructon ] so00c
| tJump to SERIAL Routine] $0000
SIFFF SOFFF $GO0E
$2000 $1000 $000F
r Pragram
(16384 Words)
(Note}
STFEF L. N $3IFFF

A
Three bats are not used
(Setta 111}

Note: When this address space 15 read. $FF is output.

318

Figure 23. PROM Mode Memory Map
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Table 23. PROM Mode Selection

Table 24. PROM Programmers and

Socket Adapters
Pin
Mode CE OFE Ve 00-0; PROM Programmer Socket Adapter
Programming Low High Vep Data input Maker ;‘2"8” name :’"":’ I;': hame
R DATA I/O itachi
Verify High Low Vpp Data output / 298
POBEMMING  High High Vee OB, oo AVAL Corp PKW-1000 Hitachi TBD
PKW-7000
Set Prog./Verify Mode )
Vpp = 12.5£0.3 V, Vce = 602026 V
Address=0
[ Program tpyy = 1ms £ 6% j
| Address + 1 — Address |
Yes { Program tosw = 3n ms ‘]
S§=25
Last No

Address ?

IJCC = 5,005V, Vpp = Vee £0.6 V—I

Set Read Mode

Nogo

Read
All Address

Figure 24.

PROM Programming
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T-49-19-04

Note:

Programming
Verification

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

— OHr

Confirmation of reading
Vec =4.5Vorb5.5V

% Exposure time is the time after the tempera-
ture in heater 150°C.

If programming erros occur continuously during programming with one PROM
programmer, stop programming .and check the PROM programmer or socket

adapter.
If trouble occurs in verification after programming, or after exposure to high tempera-

tures, please inform a Hitachi engineer.

320

Figure 26. Recommended Screening Flow

G HITACH!
Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. ® Brishane, CA 94005-1819  (415) 589-8300



HITACHI/ MCU/MPU 1L&E

D NN 449204 001LY939 9 MR
HD404019/HD4074019
Addressing Mode T-49-19-04
RAM Addressing Mode When BR is on a page boundary (256n -+ 255)
(figure 28), executing a BR instruction trans-
As shown in figure 26, the MCU has three fers the PC contents to the next page, due to
RAM addressing modes: register indirect ad- the hardware architecture. Consequently,
dressing, direct addressing, and memory reg- the program branches to the next page when
ister addressing. the BR is used on a page boundary. The
HMCS400 series cross macro assembler has
Register Indirect Addressing: The W reg- an automatic paging facility for ROM pages.
ister, X register, and Y register contents (10
bits) are used as the RAM address. Zero Page Addressing Mode: By executing
a CAL instruction, the program can branch to
Direct Addressing: A direct addressing the zero page subroutine area, which is
instruction consists of two words, with the located at $0000-3003F. When a CAL
word (10 bits) following the opcode used as instruction is executed, 6-bits of immediate
the RAM address. data are placed in the low- order six bits of
the program counter (PCs to PCp) and Os are
Memory Register Addressing: The mem- placedin the high-order eight bits (PC13 to PCs).
ory register (16 digits from $020 to $02F) is
accessed by executing the LAMR and XMRA Table Data Addressing: By executing a
instructions. TBR instruction, the program can branch to
the address determined by the contents of
ROM Addressing Mode and P Instructions the 4-bit immediate data, accumulator, and B
register.
The MCU has four kinds of ROM addressing
modes, as shown in figure 27. P Instruction: ROM data addressed by table
data addressing can be referred to by a P
Direct Addressing Mode: The program can instruction (figure 29). When bit 8 in the
branch to any address in the ROM memory referenced ROM data is 1, 8 bits of ROM data
space by executing a JMPL, BRL, or CALL are written into the accumulator and B regis-
instruction. These instructions replace the 14 ter. When bit 9 is 1, 8 bits of ROM data are
program counter bits (PCya to PCo) with the written into the R1 and R2 port output regis-
14-bit immediate data. ter. When both bits 8 and 9 are 1, ROM data
are written into the accumulator and B regis-
Current Page Addressing Mode: The ROM ter and also to the Rl and R2 port output
memory space is divided into pages, with 256 register at the same time.
words in each page. Page zero begins at ad-
dress $0000. By executing a BR instruction, the The P instruction has no effect on the pro-
program can branch to an address in the current gram counter,
page. This instruction replaces the low-order
eight bits of the program counter (PC, to PCy)
with the 8-bit immediate data.
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W Register X Registe( Y Register

WilWo | Xs|Xe | Xo|Xo] YafYa] VY |Yo

RAM Address | APs| APg| APz | APs | APs{ AP+ | AP3| AP2{ AP, | APo
Register Indirect Addressing
Instruction 1st Word ) Instruction 2nd Word
7~ e N\
Opcode ds | ds | d7 | de | ds | da | d3 | d2 | dv | do
1 1 ] 1 1 1 [

RAM Address| APs| APa | AP7|APs | APs| APa| APa| AP2| APt | APo

Direct Addressing

Instruction

Opcode m3{mz|m |mo

je— ©
ja— O
la—
le—
——
e —

RAM Address | APs| APs| AP, | APs| APs | APs| AP3| AP2| AP: | AP,

Memory Register Addressing

322

Figure 26, RAM Addressing Modes
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(JMPL)
(BRL)
(CALL)
Instruction 1st Word Instruction 2nd Word
- LI T ) T 1] T Lo T - L4 T L) 1 € 1 ] T lﬁ
Opcode Pa P2 pt polds ds d7 ds ds ds ds dz dr do
H 1 L L ] L (] 1 L 1 1 1 L i [ i 1

y

/

T T T L} 1 ¥ L L] T T
Program Counter PCn'PCu'PCnIPCml PCslPCa IPC7 lPC.;IPCes| PCalPC3 , PCzl PC1 , PCo

Direct Addressing

Instruction

V'

)

(BR){ Opcode b7|b6 bs bsa bz b2 b1 bo

T T T T L] T L

I

Program Counter PCmI F’Crle‘CanCw| PC9I PCa‘PC7 ‘PCslPCs, IPC4 . PCs PCzl PC1| PCo

Current Page Addressing

Instruction
r )
T T T T T T T L]
(cAL) _ Opcode a as A A a &
O 0 0 0 0 0 0 o
' * I ‘ T + L] * L] ‘ ¥ ‘ L} ‘-I ‘ T ¥ " T ¥ ¥ '
Program Counter F‘CI:ilF’Cu'ECnIPCml PCglPCa , PCy lF’CsI PCsl PC4| PC3| PCzl PCII PCo

Zero Page Addressing

Instruction
7 '

T T T T T T T T
(TBR) Opcode

T Y ) ps Pz p1 PO ﬁBRegister ~ Accumulator .
T L T ¥ L]

Bs'leBilBolAa A2 AaLAo
i T T I
‘I‘v T T T T T T T T

T L 1] .
Program Counter PCn::PCu PCn|PC1orPC9 PCs PC7 , PCG.PCS.PC". PCalPCz|P01 . PCo
1 i 1 - L

Table Data Addressing

Figure 27. ROM Addressing Modes
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256(n-1) + 255

[:‘ BR AAA 266n
AAA NOP

\_L. BR AAA 256n + 254
—1- BR BBB 256n + 2565

256(n + 1)
L- BBB NOP

Figure 28. BR Instruction Branch Destination on Pages Boundary

Instruction

T T T T T T T T

P Opcod
(P 1 L pcl el } ps \ P ( b \ bo B Register Accumulator

Vs 23

T 1 H T 1 I
Bs B2 Bi Bo| Az Az A1 Ap

I VA TTTTTT T

] 1 1 1 T i 1
Referred ROM Address |RA13 RA12 RA“RAN)RAQIRAB 'RA7 lRAs |RA5IRA4 RA3 RA2 RA: LRAo
L Il i i L ] i

Address Designation

ROM Data ROg HOB R07 ROe ROs ROL RO: ROz R01 ROo
S T R

Accumulator, B Register | B4 . Bz , B, Bo | A3 IAz lA1 Ao If RQa=1
L L

ROM Data ROs ROs R07 ROa ROE R04 RO3 ROz RO| ROo

l&&[&iGL

Output Register R1, R2 R23 RZz R2| R20IR13 R1z Rh R1ol If ROg=1

Pattern

Figure 29. P Instruction
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Instruction Set

The HD404019, HD4074019 provides 101
instructions which are classified into 10
groups as follows:

Immediate instructions
Register-to-register instructions
RAM address instructions

RAM register instructions
Arithmetic instructions

apwbs

-
Bo®mNe

T-49-19-04

Compare instructions

RAM bit manipulation instructions
ROM address instructions
Input/output instructions

. Control instructions

Tables 25-34 list their functions, and table 35
is an opcode map.

Table 25. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Immediate LAl i 10001 1i3ipgi1ip i—A 11
Load B from Immediate LBI i 1 00000i3ipi1ig i—B 1/1
Load Memory from LMID i,d 01101 0i3i2irig i—=M 2/2
Immediate dg dg dy dg ds dgq d3 d2 dy do
Load Memory from LMIIY i 10100 1i3iziip =M, Y+1=Y NZ 1/1
Immediate, Increment Y
Table 26. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B—~A 1/1
Load B from A LBA 0011001000 A—~B 1/1
Load A from W LAW 0100000000 . 2/2

00000O0O0O0OO00O0 {Note}

Load A from Y 7 LAY 00170101 111 Y—-A 1A
Load A from SPX LASPX 0001101000 SPX—A 11
Load A from SPY LASPY 0001011000 SPY—A 1/1
Load A from MR LAMR m 10011 1 mmmm MR(m — A 1/1
Exchange MR and A XMRA m 10t 11 1mmmm MRm — A 1/1

Note: An operand is provided for the second word of LAW and LWA instruction by assembler

automatically.
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Table 27. RAM Address Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Load W from Immediate twii 0011110000 i=-W 1/1
Load X from Immediate WXl 10001 0igizigip i—X i1
Load Y from immaediate LYl 10000 1i3igiqgdp i—Y 172l
Load W from A LWA 0100010000 4 _.w 2/2
6000000000 {Note)
Load X from A LXA 0011101000 A—X 1”1
Load Y from A LYA 0011011000 A-Y /1
increment Y Y 0001011100 Y+1-—Y NZ 1/1
Decrement Y DY 0011011111 Y-1-Y N8 1/1
AddAtoY AYY 0001010100 Y+tA-Y OVF 1/1
Subtract A from Y SYY 0011010100 Y-A—-Y NB 1/1
Exchange X and SPX XSPX 0000000001 X~—8PX i1
Exchange Y and SPY XsPY 0000000010 Y«S8SPY 1/1
Exchange X and SPX,Y XSPXY o 0 0000001 1 X—SPX Y-SPY /1
and SPY
Note: An operand is provided for the second word of LAW and LWA instruction by the assembler
automatically.
G HITACHI
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Table 28. RAM Register Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M-A (X-SPX, 1/1
Y+~SPY)
Load A from Memory LAMD d 0110010000 M—A 2/2
dg dg d7 dg ds dg d3 d2 dy dg
Load B from Memory LBM(XY) 00010000y x M-B, (X—SPX, 11
Y—S8PY)
Load Memory from A LMA(XY) 00100101y x A-M, (X—~SPX, 1/1
Y~SPY)
Load Memory from A LMAD d 0110010100 A-M 2/2
dg dg d7 dg ds d4 d3 da dq do
Load Memory from A, LMAIY(X) 000101000 x A-MY+i=yY NZ 1/1
Increment Y {X—SPX)
Load Memory from A, LMADY(X) 001101000 x A-M Y-1-Y NB 1/1
Decrement Y {X—SPX)
Exchange Memory and A XMA(XY) 00100000y x M-A (X-SPX, 1/1
Y—SPY)
Exchange Memory and A XMAD d 0110000000 M-A 2/2
dg dg dy dg ds ds d3 da dy dg
Exchange Memory and B XMB(XY) 00110000y x M-B, (X~SPX, 11

Note:

{XY} and (X} have the following meaning:
1. The instructions with (XY) have 4 mnemonics and 4 of

LAM (XY) is given below).
The op-code X or Y is assembled as follows.

Mnemonic vy X Function

LAM o o

LAMX o 1 X — SPX

LAMY 1 0 Y — SPY
LAMXY 1 1 X—-SPX, Y~SPY

2. The instructions with (X) have 2 mnemonics and 2 o

LMAIY(X) is given below).
The op-code X is assembled as follows.

Mnemonic X Function
LMAlY 0
LMAIYX 1 X — SPX

G HITACHI
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Table 29. Arithmetic Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Add immediate to A Al i 101000 i3iz2iyip A+i—A OVF 1/1
{ncrement B 18 0001001100 B+t—8 NZ 1/1
Decrement B DB 0011001111 B-1 —;B NB 11
Decimal Adjust for Addition DAA 0010100110 1/1
Dacimal Adjust for Subtraction DAS 0010101010 11
Negate A NEGA 0001100000 A+1-A 11
Complemant B8 COMB 0101000000 B-B 1/1
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL. 0010100001 11
Set Carry SEC 0011101111t 1—~CA N
Reset Carry REC 0011101100 0—CA 11
Test Carry TC 0001101111 CA /1
Add A to Memory AM 0000001000 M+A-A OVF 1/1
Add A to Memory AMD d 0100001000 M+A-A OVF 2/2
dg dg d7 dp dg dg d3 d2 dq do
Add A to Memory with Carry AMC 0000011000 M+A+CA-—A OVF 1/1
OVF—CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA-A OVF 2/2
dg dg d7 dg ds d4 d3 dp dy do  OVF—CA
Subtract A from Memory SMC 0010011000 M-A-CA-A N8 11
with Carry NB—CA
Subtract A from Memory SMCD d 0110011000 M-A-CA-A NB 2/2
with Carry dg dg d7 dg d5 dq d3 d2 dy do  NB—CA
OR Aand B OR 0101000100 AUB-A 1/1
AND Memory with A ANM 0010011100 ANM-A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM-A NZ 2/2
dg dg d7 dg ds ds d3 d2 dy do
OR Memory with A ORM 0000001100 AUM-A NZ i1
OR Memory with A ORMD d 0100001100 AUM—A NZ 2/2
dg dg dy dg ds d4 d3 d2 d1 do
EOR Memory with A EORM 0000011100 ADM-A NZ 1/1
EOR Memory with A EORMD d 0100011100 A®@M-A NZ 2/2
dg dg d7 dg ds da4 d3 d2 dy do
Note: N : Logical AND
U : Logical OR

@® : Exclusive OR
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328 Hitachi America Ltd. « Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 ¢ (415) 589-8300




dg dg dy dg dg dg d3 d2 dy

do

HITACHI/ MCU/MPU 18E D WM 4495204 0016947 & WM
HD404019/HD4074019
Table 30. Compare Instructions T-49-19-04
Words/

Operation Mnemonic Operation Code Function Status Cycles
Immediate Not Equal INEM i 00001 0i3igirip 1%=M NZ 11
to Memory
Immediate Not Equal INEMD i,d 01001 0iziziqio isM Nz 2/2
to Memory dg dg dy de ds dq d3 d2 dq dg
A Not Equal to Memory ANEM 0000000100 A+M NZ 1/1
A Not Equal to Memory AMEMD d 0100000100 A=M NZ 2/2

dg dg d7 dg ds dgq d3 d2 dq do
B Not Equal to Memory BNEM 0001000100 B =M NZ 1/1
Y Not Equal to Immediate YNEl i 00011 1i3iz1i1 00 Y #i Nz 11
Immediate Less or Equal ILEM i 00001 1iziziig isM NB /1
to Memory
Immediate Less or Equal ILEMD i,d 01001 11031020 ig isM NB 2/2
to Memory dg dg d7 dg d5 dg d3 d2 dy dg
A Less or Equal to Memory  ALEM 0000010100 As=sM NB 11
A Less or Equal to Memory ALEMD d 0100010100 = NB 2/2

dg dg d7 dg dg dq d3 d2 di do
B Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEl i 1010110312 iig Asi NB LVA!
Table 31. RAM Bit Manipulation Instructions

Words/

Operation Mnemonic Operation Code Function Status  Cycles
Set Memory Bit SEM n 0010000 1mmng 1 — M(n) 11
Set Memory Bit SEMD n,d 0110000 1Tmnm 1~ M(n} 2/2

dg dg d7 dg ds dg d3 d2 dy do
Reset Memory Bit REM n 0010001 0mno 0 —M(n) 11
Reset Memory Bit REMD n,d 0110001 0mng 0 ~ M(n) 2/2

dg dg d7 dg ds dg d3 da dy do
Test Memory Bit ™ n 0010001 1mn M(n) 1/1
Test Memory Bit TMD n,d 0110001 1Tmmg M(n) 2/2

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300
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Table 32, ROM Address Instructions

Words/
Opevration Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 bybgbsbsgbsbabybop 1 11
Long Branch on Status 1 BRL u 01011 1p3p2pipo 1 2/2

dg dg dy dg ds d4 d3 d2 dy do
Long Jump Unconditionally JMPL u 01010 1p3p2pP1Po 2/2
dg dg d7 dg ds d4 d3 d2 dy do
Subroutine Jump on Status 1 CAL a 011 1agagazazayap 1 1/2
Long Subroutine Jump on CALLu 01011 0papapipo 1 2/2
Status 1 dg dg dy dg ds dg d3 d2 dy do
Table Branch TBR p 00101 1papapipo 1/1
Return from Subroutine RTN 00000 1 0000 1/3
Return from Interrupt RTNI 0000010001 1 —i/E ST 1/3
CA Restore

Table 33. Input/Output Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
Set Discrete 1/0 Latch SED 0011100100 1 — D{Y) 11
Set Discrete 1/0 Latch Direct SEDD m 10111 0mmmnmg 1 - D{m) 1/1
Reset Discrete 1/0 Latch RED 0001100100 0 — DY) 1/1
Reset Discrete I/0 Latch Direct REDD m 10011 0mmmmg 0 - D(m) 1/1
Test Discrete /O Latch 0 0011100000 D(Y) 1/1
Test Discrete I/0 Latch Direct TDD m 10101 0mgmmmy D{m} 1/1
Load A from R Port Register LAR m 10010 1mmmm R{m) — A 1/1
Load B from R Port Register LBR m 1001 00mmmmg R{im}) - B 1/1
Load R Port Register from A LRAm 101101 mgmmmy A - R(m) 1/1
Load R Port Register from B LRB m 10110 0mgmmmg B — R{m) 1/1
Pattern Generation Pp 011011 p3p2piPo 1/2
Table 34. Control Instructions

Words/
Operation Mnemonic Operation Code Function Status  Cycles
No Operation NOP 00000Q00C0CGO0OO0O 1/1
Start Serial STS 0101001000 /1
Standby Mode SBY 0101001100 11
Stop Mode STOP 0101001101 11
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Table 36. Opcode Map T-49-19-04
R8 0 1
Ro|N[0|1]2]3]4a[5]6]7]8[o[a]B]c[p]E]F[o]1]2]a]4s s|6|7|s]o]a[8]c]o]E]F
0 vorxsesey *SFIAN, AM JORM = g M o
1 [RvaTs LM amd o WA e o T
2 INEM i4) INEMD it4)
3 ILEM i(4) ILEMD i{4)
4| LBMIXY) Pped LaB T cn 0| _—ss|_— fsavfr
B ILMAIY(X] AYY| LAY Iy JMPL p{4)
6 ( RED| LAP4 TC CALL pl4)
Q7 YNE} i(4) BRL pl4)
8| XMA(XY) | SEM n(2) | REM n(2) | TMn(2) jwo SEMD n(Z)IREMD n{2) | TMD n{2)
9| LAMIXY) | LMAXY) fw b el o
A non*ionl/lo DASI/ILAV LMID i(4)
B8 TBR pla) P pl4)
c| xmBixy) pum ™ o8
D [LMADYIX) SYY) LYA DY
E TDIV/{SED ™ RE SEC cAL alel
Fl wiia |
[o] LB¢ i(4)
1 Lyt il4)
2 X it4)
3 LAl i{4)
4 LBR m(4)
5 LAR m(4)
6 REDD m(4)
117 LAMR mi4) BR b{8)
8 Al il4)
9 LMY it4)
A TOD mi{4)
8 ALEl il4)
[ LRB m(4)
D LRA m(4}
E SEDD mi4)
F XMRA mi4)
(T }-1-word/2-cycle [ Y-1-word/3-cycle [__}-RAM Direct Address [ |--2-word/2-cycle
Instruction Instruction Instruction {nstruction

{2-word/2-cycle)
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Td49-‘19"04

Absolute Maximum Ratings

item Symbol Value Unit Note
Supply Voltage Vce - 03t0+7.0
Programming Voltage Vep -0.3t0 + 14 \) 13
Terminal Voltage Vr - 0.3t0 Ve + 0.3 A\ 3
Vec — 42 to Ve + 0.3 \") 4
Total Allowance of Input Current  Z lo 50 mA 5
Maximum Input Current lo 15 mA 7.8
Maximum Qutput Current - lo 4 mA 9, 10
6 mA 9, 11
30 mA 9,12
Total Allowance of Output Current — Z lo 150 mA 6
Operating Temperature Topr - 20to + 75 ‘c
Storage Temperature Tstg —65t0 + 125 °C
Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal
operation should be under the conditions of Electrical Characteristics. If these conditions
are exceeded, it may cause a malfunction or affect the reliability of LSI.
2. All voltages are with respect to GND.
3. Standard pins.
4, High-voltage pins.
5. Total allowance of input current is the total sum of input current which flows in from ail I/
O pins to GND simultaneously.
6. Total allowance of output current is the total sum of the output current which flows out
from Vce to all /0 pins simultaneously.
7. Maximum input current is the maximum amount of input current from each 1/0 pin to
GND.
8. Do—D3 and R3—R8.
9. Maximum output current is the maximum amount of output current from V¢c to each 1/0
pin.
10.Do—D3 and R3—R8.
11.RO—R2.
12.D4—D1s.
13.Applied to HD4074019.
G HITACHI
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HD4074019 Electrical Characteristics 7-49-19-04

DC Characteristics

(Vec = 6 V £ 10%, GND = 0 V, Vaup = Vec — 40 V to Vo, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol Pin Min Max Unit Test Condition Note.
Input High vy RESET, SCK, 0.8 Ve Vee +0.3 v
Voltage INTo, INT;

0SCy Vee - 0.6 Vee + 0.3 v

S| 0.7Vce Vee + 0.3 v
input Low Vi RESET, SCK,  ~0.3 0.2Vee v
Voltage INTp, INTy

0SCy -0.3 0.5 Y]

S| -0.3 0.3Vee \
Output High VoH SCK, Vee - 1.0 \ =loH=1.0 mA
Voltage 80

Vee - 0.5 \ —lon=0.5 mA

Output Low VoL SCK, 0.4 \ IoL=1.6 mA
Voltage SO
input/Output |1y | RESET, SCK, i 2A Vin = 0V to Vee 1
Leakage INTg, INTy,
Current 0S¢y, S1, S0
Current Ice Vee TBD mA Vee =6V 2.5
Dissipation in
Active Mode
Current Isgy Vee TBD mA Maximum logic 3,5
Dissipation in operation
Standby Mode Veg =5V
Current Istap Vee TBD kA Vo(TEST) =Vc -03Vie 4
Dissipation in Ve, VintRESET) =0 v
Stop Mode 0 0.3V
Stop Mode Vstop Vee 2 A

Retain Voltage

Notes: 1. Excluding pull-up MOS current and output buffer current.

2, The MCU is in the reset state. Input/output current does not flow.

+ MCU in reset state, operation mode

« RESET, TEST: Vcc
+ Do-D3, R3—R9: Vee

+ D4-D15, RO-R2, RAo, RA:: Viisp

3. The timer/counter operates with the fastest clock. Input/output current does not flow.
+ MCU in standby mode

* Input/output in reset state
+ Serial interface: Stop

- RESET: GND

* TEST: Vcc

« Do-D3, R3—R9: Vco

+ D4-D1s, RO-R2, RAo, RA: ¢ Vaisp

Hitachi America Ltd. e Hitachi Plaza « 2000 Siera Point Pkwy. e Brisbane, CA 94005-1819 o (415) 589-8300
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4, Excluding pull-down MOS current.
5. When fosc = x MHz, estimate the current dissipation as follows:
Max value @ x MHz = x/4 X (max value @ 4 MHz)

Input/Output Characteristics for Standard Pin
(Voc =5V % 10%, GND = 0 V, Vuup = Voc — 40 V to Veg, Ta = —20°C to + 75°C, unless

otherwise noted.)

T-49-19-04

{tem Symbol Pin Min Max Unit Test Conditions Note
Input High Vix Do-D3, 0.7Vce Vee + 0.3 Vv
Voltage R3-R5
R9
Input Low ViL Do-D3, -0.3 0.3Vee \"
Voltage R3-R5
R9
Output Low VoL Do-D3, 0.4 \"4 lop = 1.6 mA
Voltage R3-R8
Input/Output Il Do-Ds, 1 uA Vin = 0 V to Ve 1
Leakage Current R3-R8, R91-R93
R99 20 uA
Note: 1. Pull-up MOS current and output buffer current are excluded.

Input/Output Characteristics for High Voltage Pin

(Voc = 6V * 10%, GND = 0 V, Vasp = Vec — 40 V to Vee, T = —20°C to + 76°C, unless

otherwise noted.)

tem Symbol Pin Min Max Unit Test Conditions Note
Input High Vin D4-D1s, 0.7 Vee Vee + 0.3 \
Voltage RO, R1, R2,
RAg, RA,
Input Low ViL D4-D1s, Vec - 40 0.3 Vee v
Voltage RO, R1, R2,
RAo, RA{
Output High Vou D4-Dis Vee — 3.0 v —log=15mA, Vec =56V
Voitage
Vec —- 2.0 v ~loy=10mA, Vgc =6V
Vec - 1.0 \ -l =4mA, Vec =6V
RO-R2 Vee - 3.0 v —lon=3mA, Vec =56V
Vee ~ 2.0 \ —loy=2mA Vec =56V
Vee - 1.0 Vv -loy=08mA, Vec=5V
Output Low VoL D4-D1s, Vee—34  V 150 kA to Vec - 40
Voltage RO-R2
Input/Output Il D4-Dis, 20 A Vi = Vg - 40V, Ve 1
Leakage RO-R2,
Current RAg, RA4
Note: 1. Pull-down MOS current and output buffer current are excluded.
G HITACHI
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AC Characteristics

(Ve = BV * 10%, GND = 0 V, Vaup = Voc — 40 V to Ve, To = —20°C to + 75°C, unless

T-49-19-04

otherwise noted.)

Test
Item Symbol Pin Min Typ Max Unit Conditions Note
Oscillation Frequency foe 0SCy, 0SC3 0.2 4 4.5 MHz divide by 4
Instruction Cycle teye 0.89 1 20 Hs divide by 4
Time
Oscillator Stabiliza- tp 0SCy, 0SC2 20 ms 1
tion Time
External Clock tePH, 0SCy 92 ns divide by 4 2
High, Low tepL
Level Width
External Clock Rise tcp, 0SCq 20 ns 2
Time
External Clock Fall tcps 0SC; 20 ns 2
Time
INTo High Level tow  INTo 2 toye 3
Width
iNTo Low Level tg iNTo 2 toye 3
Width
INTy High Level tn iNT, 2 teye 3
Width
iINTy Low Level iNT, 2 teye 3
Width
RESET High Level tggry RESET 2 teye 4
Width
Input Capacitance  Cj, All pins exspt R9g 30 pF f =1 MHz,

Vin=0V

R9q 180 pF

RESET Fall Time tRsTE 20 ms 4
Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Ve reaches its

minimum allowable voltage after power-on, or after RESET goes high. At power-on or
STOP mode release, RESET must be kept high for at least tac. Since tac depends on the
crystal or ceramic filter's circuit constant and stray capacitance, please get the

manufacturer’s advice when designing the RESET circuit. (See figure 30)
2. See figure 31.
3. See figure 32.
4, See figure 33.
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T-49-19-04
Serial Interface Timing Characteristics

(Vece = 5V £ 10%, GND = 0 V, Vaip = Ve — 40 V to Ve, Ta = —20°C to + 75°C, unless
otherwise noted.)

Item Symbol  Pin Min ~Max Unit Test Condition Note
Transfer Clock tseye SCK 1 teve 1.2
Cycle Time (Output)

Transfer Clock tscKH SCK 0.4 teye 1.2
High, Low tscKL {Output)

Level Width

Transfer Clock tscke SCK 40 ns 1.2
Rise, Fall Time tsckt {Output)

Transfer Clock tseye SCK 1 teye 1
Cycle Time {Input)

Transfer Clock tSCKH SCK 0.4 teye . 1
High, Low tscki {Input)

Level Width ,

Transfer Clock tsckHD SCK 1 teye 1
END Detect {Input)

High Level

Width

Transfer Clock tscKe SCK 40 s 1
Rise, Fall Time tscke {Input)

Serial Output Data tpso SO 300 ns 1.2
Delay Time

Serial Input Data tss) Si 100 ns 1
Set-up Time

Serial Input Data tusi Si 200 ns 1
Hold Time

Note: 1. See figure 34
2. See figure 35

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



HITAéHI/ MCU/MPU L4E D WR 4496204 001L955 7 =

HD404019/HD4074019
T-49-19-04
Crystal oscillator Ceramic filter oscillator
& foser & eodoee
cystal{ LI Jose Coamic| T L 105¢
T:: ill. filter T:E l'i-
m"—‘? lOSC: ﬁ'C.x :)sc,
GND GND
Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata)
R 1MQ*:20% R 1MQ £20%
Cy:22pF £20% C1:30pF £20%
Cy:22pF £ 20% C2:30pF£20%

Figure 30. Oscillator Circuit

to———n-1/fcp ———»}

Vee=0.5V4 :—tcm—-r : tepe
08¢ o.5v£ \

— »

tcpr teet

Figure 31. Oscillator Timing

E— e 0.8V,
iNTo, INT1 ce tow, trseNie=tioL,
0.2Vce ~

Figure 32. Interrupt Timing

Figure 33. Reset Timing
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HD404019/HD4074019
- ' T-49-19-04
tsoy |
=t —» tsckr

sck Vec—2.0V(0.8Vcd -{‘_ ok - -

ScK (Note 10.8V (0.2Vee) Y ’ jz R Z ~Tockmo ‘\__
{Note 2)

toso

0.8V
‘ssxq o=t 0

0.7V, =
sl —< cc
0.3Vcee -~

s

Notes: 1. V¢c—2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8V¢c and 0.2V are the threshold voltage for transfer clock input.
2. After 8 clocks are transferred through SCK, at least tgcknp must pass before
the next serial interface transfer clock comes into SCK. If the next transfer clock
comes into SCK within tscxkup, the serial interface request flag can't be set.

Figure 34. Timing Diagram of Serial Interface

Vee

R =2.6kQ
Test )

R *
Point
1520740
C.J: R or Equiv.
30pF 12kQ

nr

338

Figure 356. Timing Load Circuit
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HD404019 Electrical Characteristics

DC Characteristics

T-49-19-04

-—

(Voc =36V to6V,GND = 0V, Vaup = Vec — 40 V to Vee, T = —20°C to + 75°C)

Item Symbol Pin Min Max Unit  Test Condition Note
Input High VIH RESET, SCK  0.8Vee Vee + 0.3 \
Voltage INTo, INT,

sl 0.7Vce Vee + 0.3 \

0SCy Vee — 0.5 Veec + 0.3 v
Input Low ViL RESET, SCK -0.3 0.2Vee Y
Voltage INTo, INT

Sl -0.3 0.3Vce

0SCy -0.3 0.5
Output High Vou SCK, Vee - 1.0 ~loy = 1.0 mA
Voltage SO

Vee - 0.5 v — loy = 0.5 mA

Qutput Low Vou SCK, 0.4 \ oL = 1.6 mA
Voltage SO
Input/Output  [§ 1 RESET, SCK 1 uA Vin = 0Vito Ve 1
Leakage INTg, INTy,
Current SI, SO,

0SCy
Current lee Vee ' 8D mA Vee =6V: 2,5
Dissipation in fosc = 4 MHz, + 4
Active Mode
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HD404019/HD4074019 1-49-19-04
{tem Symbol Pin Min Max Unit Test Condition Note
Current Ispy Vee TBD mA Vee=5V; 3,6
Disgipation in fosc = 4 MHz, + 4

Standby Mode

Current lstap Vee T8D #A Vio(TEST} = V¢ — 0.3V1to 4
Dissipation in Vee: Vin(RESET) = O V to
Stop Mode 0.3V

Stop Mode Vstop Vee 2 v

Retain Voltag

e

Notes: 1.

Excluding pull-up MOS current and output buffer current.

2, The MCU is in the reset state. Input/output current does not flow.

340

» MCU in reset state, operation mode
+ RESET, TEST: Vcc
+ Do-D3, R3-R9: Vce
+ Da-D1s, RO-R2, RAo, RAy: Vaisp
. The timer/counter operates with the fastest clock. Input/output current does not flow.
» MCU in standby mode
* Input/output in reset state
+ Serial interface: Stop
» RESET: GND
* TEST: Vcc
+ Do-D3a, R3-R9: Vec
» D4-D1s, RO-R2, RAo, RA1: Vuisp
. Excluding pull-down MOS current.
. When fose = x MHz, estimate the current dissipation as follows:
Max value @ x MHz = x/4 X {max value @ 4 MHz)
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HD404019/HD4074019

Input/Qutput Characteristics for Standard Pins

(Vec =36 Vto 6 V, GND = 0 V, Vaup =Vcc — 40 V to Ve, Ta = —20°C to + 76°C)

Item Symbol Pin Min Typ Max Unit Test Conditions Note
Input High ViH Do-D3, 0.7Vce Vec+ 03 V
Voltage R3-RS5,
R9
{nput Low ViL Do-Da. -0.3  0.3Vce v
Voltage R3-R5,
R9
Output High Vor Do-D3, Vee - 1.0 \' —lon = 1.0 mA 1
Voltage R3-R8
Do-D3a, Vee — 0.5 \" —loH = 0.5 mA 1
R3-R8
Output Low Vor Do-Da, 0.4 \" loL = 1.6 mA
Voltage R3-R8
Input/Output Il Do-Da3. 1 uA Vin = 0V to Vee 2
Leakage Current R3-R9
Pull-Up MOS ) Do-D3, T8D TBD TBD HA Vee =65V, Vin=0V 3
Current R3-R9
Notes: 1. Applied to 1/0 pins with CMOS output selected by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to 1/0 pins with pull-up MOS selected by mask option.
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Input/Output Characteristics for High Voltage Pins

(Vecc =35V to6V,GND = 0 V, Vaugp =Vcc — 40 V to Ve, Ta = —20°C to + 75°C)

Item Symbol Pin Min Typ Max Unit Test Conditions
Input High Vi D4-D45. 0.7 Ve Vec +03 V
Voltage RO, R1, R2,
RAg, RA4
Input Low ViL D4-D1s,  Vec — 40 0.3Vee V
Voltage RO, R1, R2,
RAo, RA4
Output High VoH D4-Dis Vee — 3.0 \ ~ lgy=15mA Ve = 5V + 20%
Voltage
Vee - 2.0 v =~ loy=10mA Vg = 5V £ 20%
Vee - 1.0 \ — loy= 4 mA
RO-R2 Vee - 3.0 \" —lop=3mA, Vec =5V *20%
Vee - 2.0 " — oy =2mA, Vec =5V *20%
Vee - 1.0 A — loy = 0.8 MA
Output Low Vou D4-D1s, Vee - 37 v Vdisp = Vgc — 40V
Voltage RO-R2
D4-D1s. Vec - 37 v 150KkQtoVeec — 40V
RO-R2
Input/Output (1] D4-Di1s, 20 rA Vin = Vee — 40 V to Ve
Leakage RO-R2,
Current RAg, RA;
Puli-Down MOS Iy D4-Dyg, TBD TBD TBD HA Vdisp = Vec — 35 V,
Current RO-R2, Vin = Vee
RAg, RA4
Notes: . Applied to /0 pins with pull-down MOS selected by mask option.

1

2. Applied to 1/0 pins without puil-down MOS {PMOS open drain) selected by mask option.
3. Pull-down MOS current and output buffer current are excluded.
4

. Applied to 1/0 pins with pull-down MOS selected by mask option.
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AC Characteristics
(Voc =36 Vto6 V,GND = 0 V, Vay =Vec ~ 40 V to Veg, Ta = —20°C to + 75°C)

T-49-19-04

Test
Item Symbol Pin Min Typ Max Unit Conditions Note
Oscillation foec 0SC,, 0SC3 0.2 4 4.5 MHz divide by 4
Frequency
Instruction Cycle teye 0.89 1 20 us
Time
Oscillator Stabiliza- tg¢ 0SCy, 0SCa 20 ms 1
tion Time
External Clock tCPH, 0SC; 92 ns divide by 4 2
High, Low tepL
Level Width
External Clack Rise tcp, 08¢y 20 ns 2
Time
External Clock Fall tgpf 08Cy 20 ns 2
Time
INTo High Level tion INTo 2 toye 3
Width
INTo Low Level tg INTo 2 toye 3
Width
|N_T'| High Level t)1y iﬁf; 2 toye 3
Width
INT1 Low Level 41 iNTy 2 teye 3
Width
RESET High Level trgry RESET 2 teye 4
Width
Input Capacitance  Cj, All pins 30 pF =1 MHz,

Vin=0V
RESET Fali Time tRSTH 20 ms 4

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches its
minimum allowable voltage (3.5 V) after power-on, or after RESET goes high. At power-
on or stop mode release, RESET must be kept high for at least trc. Since tac depends on
the crystal or ceramic filter’s circuit constant and stray capacitance, please get the

manufacturer’s advice when designing the RESET circuit. {See figure 36)
2. See figure 37.
3. See figure 38,
4. See figure 39,
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HD404019/HD4074019

Serial Interface Timing Characteristics

(Vec =35Vto6V,GND =0V, Vaup = Veec — 40 V to Vee, Ta

T-49-19-04

—20°C to + 75°C)

Iteam Symbol Pin Min Max Unit Test Condition Note
Transfer Clock Cycle Time tseye SCK 1 teye 1.2
(Output)
Transfer Clock High, tscKH SCK 0.4 teye 1.2
Low Level Width tscKL {Output)
Transfer Clock Rise, Fall Time  tgck, SCK 40 ns 1.2
tsokf (Output)
Transfer Clock Cycle Time tseye SCK 1 teye 1
{input)
Transfer Clock High, tSCKH SCK 0.4 teye 1
Low Level Width tSCKL {fnput)
Transfer Clock END Detect tSCKHD SCK 1 toye 1
High Level Width (input)
Transfer Clock Rise, Fall Time  tgek, SCK 40 ns 1
tsckt (Input)
Serial Qutput Data Delay Time tpgo {e] 300 ns 1.2
Serial Input Data Set-up Time  tgg St 100 ns 1
Serial Input Data Hold Time ths! SI 200 ns 1
Notes: 1. See figure 40.
2. See figure 41,
@ HITACHI

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



HITACHI/ MCU/MPU

L4E D WH 449620Y 00Le96L3 L WA

Cy:22pF +20%
Ca: 22 pF £20%

HD404019/HD4074019
T-49-19-04
Crystal oscillator Ceramic filter oscillator
3 [oscy 5 fosc
w] L1 Ceeamic| L Jd
Cora Sgh Fltor S3n
- Llosc, L Tlosc,
Cz | * 73 |
GND GND
Crystal: 4,194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG {Murata)
Re 1MQ:20% Re: 1MQ £ 20%

Cy:30pF £20%
Ca: 30pF = 20%

Figure 36. Oscillator Circuit

fo———1/fep ——]

Vee—0.5 V-
0SCy ft—tcpH—om topL
0.5V.

P Lt RS g

tepr teet

Figure 37. Oscillator Timing

= —— 0.8Vcc
INTo, INT1 tiou, tn tiot, tiie
0.2Vee

Figure 38.7 Interrupt Timing

Figure 39. Reset Timing
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HD404019/HD4074019 T-49-19-04

ts, >
¥

= tsckr - tsoke
sew Vee—2.0V{0.7 Vo) i 3 * - p
SCK ce ce = tscxL~
(Note) 9.8 v (0.22 Vco) R JZ‘-‘S“N N 72 tscup
(Note) {Note 2)

toso

S0 j"Vcc -2,0V X
k0.8V
tsgi thst
si — }.&V
0.22Vcc

Notes: 1.Vce~2.0V and 0.8 V are the threshold voltages for transfer clock output.
0.7Vcc and 0.22Vc are the threshold voltages for transfer clock input.
2. After 8 clocks are transferred through SCK, at least tgcknp must pass before the
next serial interface transfer clock comes into SCK. If the next transfer clock
comes into SCK within tsckuo, the serial interface request flag can't be set.

Figure 40. Timing Diagram of Serial Interface

Vee
R =2.6kQ
Test
Point
1520740
c R or Equiv.
30pF 12kQ

Figure 41. Timing Load Circuit

A HiTacH!
M6 Hitachi America Ltd. « Hitachi Plaza o 2000 Sierra Point Pkwy. ¢ Brishane, CA 94005-1819 « (415) 589-8300




HITACHI/ MCU/MPU

L8E D

B 449L204 001L9LS T M

HD404019/HD4074019

Programming Electrical Characteristics for HD4074019

Write and Verify Mode

DC Characteristics

T-49-19-04

(Vec=6V 2025V, Ver =125V £ 0.3V, Vss =0V, T. =256C * 5°C, unless otherwise

noted)

Item Symbol Min Typ Max Unit Test Condition
Input high voltage 00—07, Ag—A14, OE, CE V4 2.2 Vec+0.3 V

Input low voltage 00—07, Ag—A14, OE, CE W -0.3 0.8 v

Output high voltage 0¢—O07 Vo 2.4 Vv lon=-200 uA
Output low voltage 00—07 VoL 0.4 A\ for=1.6 mA
Input leakage current O¢—Q7, Ag—Aq4, OE, CE |yl 2 A Vi, =5.25V/0.5V
Vce current lcc 30 mA

Vep current lpe 40 mA

AC Characteristics

(Vec =6V £ 025V, Vep =125 V £ 0.3 V, T. = 26°C % 5°C, unless otherwise noted)

tem Symbol Min Typ Max Unit Test Condition
Address set-up time tas 2 us Fig. 42
— Input Pulse level:
OE set-up time toes 2 us 0.8-2.2V
input rise/fall
Data set-up time tos 2 us time < 20 ns
Timing reference
Address hold time tad 0 S level
{input: 1.0V, 2.0V
Data hold time toH 2 us ouput: 0.8V, 2.0V
Output disable delay time tor 130 ns
Vep set-up time tvps 2 us
Program pulse width tew 095 1.0 1.05 ms
CE pulse width when overprogramming topw 2.85 78.75 ms
Vec set-up time tvcs 2 1S
Data output delay time toe 0 500 ns
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Program Verify .
bt
Address 3
tas | ta
Data Data b Stable Data Out Valid
Vor
Ver Vee twes
Vee |
Ve GND tves
cE E—
or _—
torw . ’

Figure 42. PROM Programming/Verify Timing
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Read Mode
DC Characteristics

T-49-19-04

(Vee = 8V £ 10%, Vep = Vec % 0.6 V, Ta = 25°C * 5°C, unless otherwise noted)

item Symbol Min Typ Max Unit Test Condition
Input Leakage Current M 1 BA Vec = 5.5V, Vin = GND to Vce
Output Leakage Current Lo 1 uA Vee = 5.5V, Vour = GND to Vee
Program Current lpp 1 100 uA Vpp = Vec + 0.6 V
Current Dissipation lee 30 mA
Active Mode
input Voltage ViL -0.3 0.8 \
Vin 2.2 Vee+0.3V
Output Voitage Vou 0.40 \% loo = 1.6 mA
VoH 2.4 \ lon = —200 A

AC Characteristics

(Vee =6V £ 10%, Vep = Voc X 0.6 V, Ta = 25°C * 5°C, unless otherwise noted)

Item Symbol Min Max Unit Test Condition Note
Access Time tace 500 ns CE = OF = V.

CE Output Delay Time tee 500 ns OE = Vi

OE Output Delay Time toe 10 150 ns CE =Wy

Output Disable Delay Time tor 0 105 ns CE =V, 1
Data Output Hold Time ton o ns CE=0E =W

Note:

G HITACHI
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Switching c¢haracteristics
Input Pulse Level 0.8 to 2.2V Output Load 1TTL Gate + 100 pF
Input Rise/Fall Time < 20 ns Input/Output Timing Reference Level Output: 1V, 2V
fnput: 0,8V, 2V
Y ™\
Address >< ><
T~ /)
/
tcg —
i /
/
tog B e
- - tacc . a-toH
Data Out [///)£ Data Out Valid )>\-
\\W\ 2 /

Figure 44. PROM Read Timing
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HD404019

MASK OPTION

LIST

T-49-19-04

* Please enter check marks in C}

(W, x, v}

{1} 1/0 Option

HD404019/HD4074019

Date of Order

Customer

Dept.

Name

ROM Code Name

LS! Type Number
{Hitachi’s entry)

Note {I/O options masked by @ are not available.)

1/0 OPTION 1/0 OPTION
PIN INPUT/OUTPUT PIN INPUT/OUTPUT
B{C|D|E B|C|D|E
Do 2 input/Output R3o Input/Output
Dy % Input/Qutput R34 Input/Qutput
D2 g Input/Output s R3; Input/Output
D3 @ Input/Output R3; Input/Qutput
D4 input/Output R4g tnput/Output
[>1 Input/Qutput ; Input/Output
De Input/Qutput R R4, input/Output
D7 " Input/Output R43 Input/Qutput
Ds § Input/Output RS0 input/Output
Ds g input/Qutput . R5; Input/Output
Dio ;_g, Input/Qutput R52 Input/Output 7
Dit * Input/Output R63 Input/Output Z
Diz Input/Output Rég é Input/Qutput 7
D1z input/Output AR6¢ g Input/Output
Dia Input/Output R R6z (),E Input/Qutput
Dis Input/cutput R63 Input/Qutput
R7q Input/Output
R7, Input/Output 2
R7
ROo Input/Output R72 Input/Qutput
ROy Input/Output R73 Input/Output
RO E Input/Qutput R8o Input/Output
E input/Output R8,y Input/Output
Rig{ 2 | Input/Output A8 R8; Input/Qutput
FE. Input/Output /83 input/Output
R Riz § fnput/Output R9o Input %
Ria ;:é Input/Output R9; Input
7 R9 —
R2o Input/Output Z 7 R9, Input
R2 Input/Output 72277 ROz [ |tnput 7
A2 E input/Qutput A RAg A 5.5 Input
R23 Input/Qutput RA; 3 input m‘%f;

* Please enter 0" in applicable item for 1/0 option selection.
A; Without Pull-up MOS {NMOS QOpen Drain}
C; CMOS {not be used as Input)
D; Without Pull-down MOS (PMOS Open Drain)

B; With Pull-up MOS
E; With Pull-down MOS
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{2} RA1/Vse {3) Package
RA1/ Vs Package
{1 RA;: Without Puli-down MOS (D) ) DP-64S (shrink package)
O Vaw 1 FP-648

* Please enter check marks (R, X, v)
in applicable item.

% Please enter check marks (W, X, v)

In applicable item.

Note) RA;/Vis has to be selected as Vasp pin even if one high voltage pin is specified as "E”.

{4) Divider (DIV)

Clock divide ratio

B Divided-by-4

Check List of Appiication

{A) Osciltator {CPG option)

CPG £ Ceramic Filter
tion
o = Crystal
I, External Clock

* Please enter check marks (M, X, v}
in applicable item.

{5) ROM Code Media

ROM Code Media

{71 EPROM: Emulator Type

puter Type

3 EPROM: EPROM On-Package Microcom-

G HiracH
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