HD4074008

Description

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

pation.

Features

® 8,192-word X 10-bit PROM (Programming
compatible with the 27256 ROM)

® 512-digit X 4-bit RAM

® 58 I/0 lines including 12 high-current (15
mA) I/0 circuit type pins of open drain

® Two timer/counters

® Clock-synchronous 8-bit serial interface

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

® Subroutine stack up to 16 levels, includ-
ing interrupts

® Two low-power dissipation modes
—Standby mode
—Stop mode

® On-chip oscillator: Crystal or ceramic fil-
ter (Also externally drivable)

® Minimum instruction cycle time: 0.89 us

® Package

This Materi al

—64-pin shrink-type plastic DIP

——64-pin shrink-type ceramic DIP with
window

—64-pin flat plastic package

Ordering Information

Copyrighted By Its Respective Manufacturer

Part Number Clock Frequency Package
HD4074008S 8 MHz DP-64S
HD4074008C DC-64S
HD4074008F FP-64
HD4074008H FP-64A
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Pin Arrangement
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Pin Description

Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode
DC-64S, DC-64S,
DP-64S FP-64 FP-64A Symbol I/0 Symbol 1/0 DP-64S FP-64 FP-64A Symbol 1/0 Symbol 1/0
1 59 57 D11 /0 Vee 33 27 25 R40/SCK 1/0 O4 1/0
2 60 58 D12 1/0 34 28 26 R41/Sl 1/0 Os 1/0
3 61 59 D13 1/0 35 29 27 R4,/SO 1/0 Og 1/0
4 62 60 D14 1/0 36 30 28 R43 I/0 0y 1/0
5 63 61 Dis 1/0 37 31 29 R70 0O CE l
6 64 62 ROo 0o Ay ] 38 32 30 R74 O OE !
7 1 63 RO 0 A [ 39 33 31 R72 o}
8 2 64 RO, 0O As I 40 34 32 R73 0
9 3 1 RO3 0O A I 41 35 33 R8o 0
10 4 2 R1o /0 As I 42 36 34 R8; o)
11 5 3 R14 1/0 Ag ! 43 37 35 R8; o
12 6 4 R1, /0 Ay | 44 38 36 R83 o)
13 7 5 R13 /0 Ag I 45 39 37 R9o I Vpp
14 8 6 R20 /0 Ao I 46 40 38 R9; I Ag I
15 9 7 R2, /0 Ao | 47 41 39 R9, I Mo |
16 10 8 R22 1/0 Aq, I 48 42 40 R93 [ M, I
17 11 9 R23 I/0 Aqz I 49 43 41 RESET | RESET |
18 12 10 RAo | 50 44 42 TEST + TEST |
19 13 11 RA, | 51 45 43 0osCy |
20 14 12 R30 /O Ais I 52 46 44 0sC; ©
21 15 13 R3, /0 Ara | 53 47 45 GND GND
22 PP 12 R32/INTs 1/0 54 48 46 Do /0 Op 1/0
23 17 15 R35/INT, 1/O 55 49 47 D1 1/0 Oy 1/0
o 18 16 R5o /0 56 50 48 D, 1/0 02 1/0
55 19 17 RS, /0 57 51 49 D3 /0 03 1/0
26 20 18 R5,  1/0 58 52 50 D4 I/0
27 21 19  R53 1/O 59 53 &1 Ds 1/0
28 22 20 R6o O 60 54 52  De 1/0
29 23 21 s 5 61 55 53 D5 1/0
30 24 22  R6, O 62 56 54 Ds AY
31 25 23 R6; O 63 57 55 D I/o
32 26 22 Ve Ve 64 58 56 Dio 1/0 Vce
Note: 1/0: Input/Output Pins
I: Input Pins
O: Output Pins
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Pin Functions
GND, Vcc (Power)

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

TEST (Test)

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

RESET (Reset)

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

0OSC,, OSC: (Oscillator Connections)

OSC; and OSC; are the pins for the internal
oscillator circuit. They can be connected to a
crystal resonator, ceramic filter resonator, or
external oscillator circuits.

Do-Dis (D Port)

The D port is an input/output port addressed
by one bit. These 16 pins are all input, Do to D3
are standard, and D4 to Dis are large current
standard pins. The circuit type for each pin
can be selected using a mask option. For
details, see the Input/Output section.

RO-RA (R Ports)

RO-R9 are 4-bit I/O ports. RA is a 2-bit I/O
port. RO, R6, R7, and R8 are output ports, R9
and RA are input ports, and R1 to R5 are I/O
ports. All pins of port RO-RA are standard
pins. The circuit type of Ds-Dis and RO-R2 is
PMOS open drain, and that of Do-D3 and R3-
R8 is NMOS open drain. R3;, R33 and R4o, R4y,
R4, are multiplexed with INTo, INTy, SCK, SI,
and SO, respectively. The RA; pin should be
used as RA; since it is PMOS open drain (MOS
without pull-down). For details, see the
Input/Output section

184

INTo, INT: (Interrupts)

INTo and INT; are external interrupts for the
MCU. INT: can be used as an external event
input pin for timer B. INTy and INT; are
multiplexed with R3,; and R33, respectively.
For details, see the Interrupt section.

SCK, SI, SO (Serial Interface)

The transmit clock I/O 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 R4o, R4:, and R4,
respectively. For details, see the Serial Inter-
face section.

Vee (Program Voltage)

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

CE (Chip Enable)

CE is the input for programming and verify-
ing the internal PROM.

OE (Output Enable)

OE is the input of the data output control
signal for verification.

Ao-Ai11 (Address Bus)

Ao-Ay4 are address input pins for the internal
PROM.

Oo-O7 (PROM Data Bus)

These are data bus pins for the internal
PROM.

Mo, Mi (Mode)
Mo and M, set the PROM mode. The PROM

mode is set when My, My, and TEST pins are
low and the RESET pin is high.

Copyrighted By Its Respective Manufacturer
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Block Diagram
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Memory Map
ROM Memory Map

The MCU includes a 8,192-word X 10-bit
ROM. It is described in the following para-
graphs with the ROM memory map in figure
1.

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

Zero-Page Subroutine Area (S0000 to
S003F): Locations $0000 through $003F are
reserved for subroutines. The CAL instruction
branches to these subroutines.

Pattern Area (S0000 to SOFFF): Locations
$0000 through $0FFF are reserved for PROM
data. The P instruction can reference the
PROM data as a pattern.

Program Area (S0000 to S1IFFF): Locations
from $0000 to $1FFF can be used for program
code.

o $ 0000 o| JMPL instruction _]s 0000
Vector address 1 {jump to reset routine) $ 0001
15 $ OOOF 2| JMPL instruction $ 0002
16 $ 0010 3 {jump to INT, routine) $ 0003
a - - 0004
Zero-page subroutine - (i JMF;L ll_r;ls-trructlo‘n - $
(64 words) 5 jump to ) routine) $ 0005
63|/ $ OO3F 1 JMPL instruction $ 0006
64 $ 0040 7 {jump to timer A routine) $ 0007
Pattern 8 | JMPL instruction $ 0008
{4096 words) 9 {jump to timer B routine) $ 0009
a09s|| $ OFFF 10 $ 000A
4096 $ 1000 1" $ 0008
12 JMPL instruction $ 000C
Program 131- {jump to serial routine) 7] 000D
d {8192 words) $
J 14 $ OOOE
8191 $ 1FFF 1}, $ O0OF
8192 $ 2000
Not used
16383 $ 3FFF

Figure1 ROM Memory Map
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RAM Memory Map

The MCU also contains a 512-digit X 4-bit
RAM as the data and stack area. In addition
to these areas, interrupt control bits and
special function registers are also mapped on
the RAM memory space. The RAM memory
map (figure 2) is described in the following
paragraphs.

Interrupt Control Bits Area (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 ($004 to
S00B): The special function registers are the
mode or data registers for the external inter-
rupt, the serial interface, and the timer/
counters. These registers are classified into
three types: write-only, read-only, and read/
write, as shown in figure 2. These registers
cannot be accessed by RAM bit manipulation
instructions.

Thi s

0 $ 000 0 $000
- i $ 001
RAM-mapped registers ! Interrupt control bits area
31 $01F 2 $ 002
32 $020 3 $003
i MR
47 Memory registers (MR) ;OZF 4 Port mode register (PMR) E W | $004
48 § $ 030 5 Serial mode register {SMR) E W | $005
Dat 6 Serial data register lower (SRL) ER/W $ 006
ata T
(448 digits) 7 Serial data register upper  (SRU) 1R/W/] $ 007
8 Timer mode register A {TMA) + W | $008
Timer mode register B (TMB) w | $009
TCBL/TLRL) 'R/W| $ O0A
479 $ 1DF L Timer B° (TCBL/TLRL) IR/W|$
480 $1E0 (TCBU/TLRU) iR/W] $ 00B
Not used $ 00C
959 $ 3BF Not used
960 $3CO
Stack 31 | $01F
(64 digits)
1023 $ 3FF
*Two registers are mapped on the same address.
Timer counter B lower Timer load register B lower i
: W 00A
R: Read only 10 (TCBL) R (TLRL) ; $
W: Write only ;
. . Timer counter B upper Timer load register B upper : W 00B
R/W: Read/write 11 (TCBU) R (TLRU) $
Figure 2 RAM Memory Map
187
Mat eri al Copyrighted By Its Respective Manufacturer



This Materi al

HD4074008

Data Area (S020 to S1DF): The 16 digits of
$020 through $02F are called memory regis-
ters (MR) and are accessible by the LAMR
and XMRA instructions (figure 4).

Stack Area ($3CO0 to $3FF): Locations $3C0
through $3FF are reserved for LIFO stacks to
save the contents of the program counter
(PC), status flag (ST), and carry flag (CA)
when subroutine calls (CAL or CALL instruc-

tion) 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 program
counter is restored by the RTN and RTNI
instructions. Status and carry flags are res-
tored only by the RTNI instruction. This area,
when not used as a stack, is available as a
data area.

Bit 3 Bit 2 Bit 1 Bit O
IMO IFO RSP IE
0] — — . $000
(IM of INTo) (IF of INTo) (Reset SP bit) (Interrupt enable flag)
IMTA IFTA IM1 IF1
1 . . — — $001
(IM of timer A) (IF of timer A) (IM of INT4) (IF of INT)
IMTB IFTB
2 Not used Not used . . $002
(IM of timer B) (IF of timer B)
IMS IFS
3 Not used Not used . . $003
(IM of serial) (IF of serial)

IF:  Interrupt request flag
IM:  Interrupt mask

IE: Interrupt enable flag
SP: Stack pointer

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

Figure 3 Configuration of Interrupt Control Bits Area

Memory registers Stack area
32| MR{0) [$020 960| Level 16 |$3CO
33 MR(1) %021 Level 15 PC13 to PCq: Program counter
34| MR(2) [$022 Level 14 ST: Status flag
35| MR(3) [$023 Level 13 CA: Carry flag
36 MR (4) |$024 Level 12 )
37| MR (5) [$025 Level 11 Note: Since the HD4074008 is an 8-K PROM version,
38| MR(6) |$026 Level 10 PC,3 is not used.
39| MR(7) [$027 Level 9 Bit 3 Bit 2 Bit 1 Bit O
40| MRi8) |$028 Level 8 T r
41| MR(9) [$029 Level 7 1020 ST PCis PCiz PCin  |$3FC
| }
a2 MR(10) |802A Level 6 L $3FD
43| _MR(11) |$028 Level 5 10211 PG PG P PO
44| MR (12) [$02C Level 4 v __ S3FE
P
45| MR (13) [$02D Level 3 10221 CA PCs . * Pee
46| MR (14) |$02E Level 2 — L
1023 PCs PC2 PCi PCo $3FF
47| MR(15) |$02F 1023| Level 1  |B3FF | N |
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
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 memory, I/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 RAM. The Y
register is also used for D-port addressing.

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

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

During an interrupt, the carry flag is pushed

onto the stack. It is restored by the RTNI
instruction, but not by the RTN instruction.

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

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) is
used to point to the address of the next stack
area (up to 16 levels).

3 o}
Accumulator
3 o]

B register

W register
0

X register

Y register

SPX register

SPY register

Carry flag

Status flag
[

L pPC

—I Program counter

nnnne

0
SP I Stack pointer

Figure 5 Registers and Flags
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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.

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

Interrupts
Five interrupt sources are available on the

MCU: external requests (INTp, INT;), timer/
counters (timers A and B), and the serial port.

For each source, an interrupt request flag (IF),
interrupt mask (IM), and interrupt vector
addresses control and maintain the interrupt
request. The interrupt enable flag (IE) also
controls interrupt operations.

Interrupt Control Bits and Interrupt
Processing: The interrupt control bits are
mapped on $000 through $003 of the RAM
space. They are 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 to 0, and the interrupt mask (IM) is set
to 1 by MCU reset.

Figure 6 is a block diagram of the interrupt

Sequence control

$ .0
$ 2

000
IE
000 r
3

address
~

» Push PC CA ST
D—— * Reset IE
+ Jump to vector

Vector
address

Priority control logic

$001,0
$001.1

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

Figure 6 Interrupt Control Circuit Block Diagram
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control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

An interrupt request is generated when IF is
set to 1 and IM is O. If 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 source.

Figure 7 shows the interrupt sequence, and
figure 8 shows the interrupt processing
flowchart. If an interrupt is requested, the
instruction being executed finishes in the
first cycle. The IE is reset in the second cycle.
In the second and third cycles, the carry flag,
status flag, and program counter are pushed
onto the stack. In the third cycle, the instruc-
tion is re-executed after jumping to the
vector address.

Table 1 Vector Addresses and Inter-

rupt Priority

Reset/Interrupt  Priority Vector Addresses

RESET - $0000
INTo 1 $0002
INT; 2 $0004
Timer A 3 $0006
Timer B 4 $0008
Serial 5 $000C

Table 2 Conditions of Interrupt Service

Interrupt Source

Interrupt Control Bit mo INT; Timer A Timer B Serial
IE 1 1 1 1
IFO-IMO 1 0 0 o]
IF1-IM1 * 0 o] (o]
IFTA-IMTA * 1 0 0
IFTB-IMTB * * 1 0
IFS-IMS * * * 1

* Don’t care
Table 3 Interrupt Enable Flag

Table 5 External Interrupt Masks

1E Interrupt Enable/Disable IMO, IM1 Interrupt Request

0 Disable (0} Enable

1 Enable 1 Disable (Mask)
Table 4 External Interrupt Request

Flags

1FO, IF1 Interrupt Request

[0} No

1 Yes

191
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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.

Interrupt Enable Flag (IE: $S000, Bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by an interrupt and set by the RTNI
instruction.

External Interrupts (INT,, INT:): The
external interrupt request inputs (INTo, INT;)
can be selected by the port mode register
(PMR: $004). Setting bit 3 and bit 2 of PMR
causes the R33/INT: and R32/INT, pins to be
used as INT; and INTy, 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, in which timer B counts up at
each falling edge of the INT; input. When
using INT; as the timer B external event
input, the external 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 (IFO:
$000, Bit 2; IF1: S001, Bit 0): The external
interrupt request flags (IFO, IF1) are set at the
falling edge of the INT, and INT: inputs,
respectively.

Table 6 Port Mode Register

PMR3 R33/INTy Pin PMR1 R44/St Pin
0 Used as R33 port input/output pin [0} Used as R4 port input/output pin
1 Used as INT, input pin 1 Used as Sl input pin
PMR2 R32/INTg Pin PMRO R4,/S0 Pin
0 Used as R3; port input/output pin 0 Used as R4, port input/output pin
1 Used as INTp input pin 1 Used as SO output pin
Instruction 1 2 3 4 5 6
cycles
- Il 1 1 Il 1 -
| T T T T T 1
Instruction
execution
Interrupt Stacking; Stacking;
accepted reset of |E chmr address
is generated
JMPL instruction execution on the
vector address
Instruction
execution at
starting address
of the interrupt
routine
Figure 7 Interrupt Processing Sequence
192
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Power
on

RESET>N0
Yes
Interk Yes
request ?
No
No E=1?
Yes
y
Execute Accept
Reset MCU instruction interrupt
PCe(PC)+1 Sl
Stack«(PC)
Stack«(CA)
Stack«+(ST)
Yes INT,

<] PC—$ 0002 interrupt
?

1 PC—$ 0004

Timer A

<] PC—$ 0006 interrupt

Timer B
interrupt
?

.|  pc.g 0008 Yes

—-— PC—$ 000C

(Serial Interrupt)

Figure 8 Interrupt Processing Flowchart

193

This Material Copyrighted By Its Respective Manufacturer



This Materi al

HD4074008

External Interrupt Masks (IMO: S000, Bit
3; IM1: S001, Bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: S004): The port
mode register is a 4-bit write-only register

which controls the R32/INTo, R33/INTy, R41/SI,
and R4,/SO pins as shown in table 6. The port
mode register will be initialized to $0 by MCU
reset. These pins are therefore initially used
as ports.

Serial Interface

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

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

Serial Mode Register (SMR: S005): The 4-
bit write-only serial mode register controls
the R40/SCK pin, prescaler divide ratio, and
transmit clock source as shown in table 7.

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

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

The contents of the serial mode register will
be changed on the second instruction cycle
after the serial mode register has been writ-
ten to. Therefore, it will be necessary to exe-
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cute the STS instruction after the data in the
serial mode register has been changed com-
pletely. 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 will be
output from the SO pin, from LSB to MSB,
synchronously with the falling edge of the
transmit clock signal. At the same time,
external data will be input from the SI pin to
the serial data register, MSB first,
synchronously with the rising edge of the
transmit clock. Figure 10 shows the I/O tim-
ing chart for the transmit 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 may not be guaranteed.

Serial Interrupt Request Flag (IFS: S003,
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: $S003, Bit 1):
The serial interrupt mask masks the interrupt
request. Refer to table 9.

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

Initialize the serial interface by a write signal
to the serial mode register, when the opera-
tion mode has changed.

Copyrighted By Its Respective Manufacturer



HD4074008

Table 7 Serial Mode Register

SMR3 R4o/SCK
(0] Used as R4o port input/output pin
1 Used as SCK input/output pin
Transmit Clock
_ Prescaler System Clock
SMR2 SMR1 SMRO R49/SCK Port Clock Source Divide Ratio Divide Ratio
0 0 0 SCK output Prescaler + 2048 + 4096
[0} 0 1 SCK output Prescaler + 512 <+ 1024
0 1 0 SCK output Prescaler + 128 + 256
o} 1 1 SCK output Prescaler + 32 + 64
1 0 0 SCK output Prescaler + 8 + 16
1 0 1 SCK output Prescaler + 2 = 4
1 1 o} SCK output System clock — =1
1 1 1 SCK input External clock — -
System Prescaler {11 bits) OC (3 bits) SROF IF
S
clock O
L Interrupt
STl request flag
NEIRIRIF of serial inter-
L T RUOF T G s face
Serial MPX —{ +2 MPX L NIntemal bus}l;ne 2l |
] SCK SR (8 bits)
its
3 Serial data register ]
SMR (4 bits) PMR (4 bits) }4 }4
Serial mode Port mode -
|4 register ' 4 register I Internal bus line (S2) I
SCK
l Internal bus line (S2) j 42

Ré4o/SCK R4,/st | | R42/s0 |, |
port port port

W Si SO

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, transmit clock wait
state, and transfer state, as shown in figure
11.

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

In the transmit clock wait state the falling

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

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

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

Table 8 Serial Interrupt Request Flag

IFS Interrupt Request
0 No
1 Yes

Table 9 Serial Interrupt Mask

Ims Interrupt Request
0 Enable
1 Disable (Mask)

Table 10 Serial Interface

Mode

Operation

SMR3 PMR1 PMR2 Serial Interface Operating Mode

1 [0} o} Clock continuous output mode
1 (o} 1 Transmit mode
1 1 0 Receive mode

Transmit/receive mode

Transmit clock |‘|||||| ||||||l

Serial output data

Serial input data
latch timing

Figure 10 Serial Interface I/O Timing
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Example of Transmit Clock Error Detec-
tion: The serial interface functions abnor-
mally when the transmit clock is disturbed by
external noise. In this case, transmit clock
errors can be detected by the procedure
shown in figure 12.

If more than 8 transmit clocks occur in the

transmit clock wait state, the state of the
serial interface shifts as follows: transfer
state, transmit clock wait state, and transfer
state. The serial interrupt flag should be reset
before entering into the STS state by writing
data to SMR. This procedure causes the serial
IFS to be set again.

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

Clock » Transmit mode

continuous
output mode

+ Receive mode
+ Transmit/receive
mode

(

STS waiting state

Octal counter = 000

Transmit clock disable) Change PMR*

Transmit clock

Transmit clock wait state

(Octal counter = 000)

8 transmit clocks,
STS instruction

Transfer state

(Octal counter + 000)

(IFS<-1)

Figure 11 Serial Interface Mode Transition

Transmit/Receive
(IFS«1)
L]
Interrupt
disable

IFS<—0

Write to
SMR

No

Normal end

Transmit clock
error processing

This Materi al

Figure 12 Transmit Clock Error Detection
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Timers

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

Prescaler: The input to the prescaler is the
system clock signal. The prescaler is 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 at 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), and 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
will generate an overflow and become $00.
This overflow causes the timer A interrupt

request flag (IFTA: $001, bit 2) to go to 1. This
timer can function as an interval timer
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 timer load register B by software.
Timer B counts up at every clock input signal.
When the next clock signal is applied to timer
B after it is set to $FF, it will generate an
overflow output. In this case, if the autor-
eload function is selected timer B is initialized
according to the value of timer load register

Timer mode register A

Internal bus line {S1) |
Timer mode register B
44
TMB (4 bits) T4 bis) s
Timer latch 1
L3 register
NT, ] iR
( : ) . CPTB TCB (8 bits) TBOF
Timer B MPX Timer counter B IFTB
| o o & Bl g T]IIIIIT Interrupt
AR B R R b4 TLR (8 bits) request flag
i I Timer load register B of timer B
System .
clock Prescaler (11 bits} ta +
Internal bus line (S2) |
<« o
o~ @ V8 Ny
bR
AN I EE I NN
Timer A MPX CPTA TCA (8 bits) TAOF | o1
Timer counter A
13 Interrupt
request flag
of timer A
TMA (3 bits)

Figure 13 Timer/Counter Block Diagram
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B. If it is not selected, timer B goes to $00. The
timer B interrupt request flag (IFTB: $002, bit
0) will be set at this overflow output.

Timer Mode Register A (TMA: $008):
Timer mode register A is a 3-bit write-only
register. The TMA controls the prescaler
divide ratio of timer A clock input, as shown
in table 11. The timer mode register A is
initialized to $0 by MCU reset.

Timer Mode Register B (TMB: $009):
Timer mode register B (TMB) is a 4-bit write-
only register which selects the auto-reload
function, the prescaler divide ratio, or the
source of the clock input signal, as shown in
table 12. Timer mode register B is initialized
to $0 by MCU reset.

The operation mode of timer B changes at the

timer B by writing data into timer load regis-
ter B should be performed after the contents
of TMB are changed. The configuration and
function of timer mode register B is shown in
figure 14.

Timer B (TCBL: SO0A, TCBU: SO00B, TLRL:
S00A, TLRU: $S00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit
read-only timer counter. Each of them has a
low-order digit (TCBL: $00A, TLRL: $00A) and
a high-order digit (TCBU: $00B, TLRU: $00B).
(Refer to figure 2.)

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

second instruction cycle after timer mode MCU reset.
register B is written to. The initialization of
PMR: $004 SMR: $005
PMR3[PMR2|PMR1|PMRO SMR3|SMR2|SMR1 SMR(;|
- ~ v
t—— Transmit clock selection
R4,/SCK pin mode selection
R4,/S0O pin mode selection
R4,/Sl pin mode selection
R3,/INT, pin mode selection
R33/INT; pin mode selection
TMA: $008 TMB: $009
TMA2 TMA1lTMAO TMB3|TMB2|TMB1|TMBO
— — v — v »
L" Timer-B input clock selection
Auto-reload function selection
Timer-A input clock selection

Fiure 14 Mode Register Configuration and Function
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The counter value of timer B can be obtained
by reading timer counter B. In this case, read
the high-order digit first, and then the low-
order digit. The count value of the low-order
digit is latched at the time when the high-
order digit is read.

Timer A Interrupt Request Flag (IFTA:
$001, Bit 2): The timer A interrupt request
flag is set by the overflow output of timer A
(table 13).

Timer A Interrupt Mask (IMTA: $001,

Bit 3): The timer A interrupt mask prevents
an interrupt request from being generated by
the timer A 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 0 0] + 2048
0 0] 1 + 1024
o] 1 0] + 512
0 1 1 + 128
1 0] (0] + 32

1 0] 1 + 8

1 1 o] + 4

Table 12 Timer Mode Register B

TMB3 Auto-Reload Function
0 No
1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Ciock Input Source

0 0] 0] + 2048
0] 0 1 + 512
0 1 0 + 128
0 1 1 + 32

1 0o 0 +8

1 0] 1 + 4

1 1 o + 2

INT1 (External event input)
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Table 13 Timer A Interrupt Request

Flag
IFTA Interrupt Request
[0} No
1 Yes

Table 14 Timer A Interrupt Mask

IMTA Interrupt Request
o} Enable
1 Disable {(Mask)

Table 15 Timer B Interrupt Request

Flag
IFTB Interrupt Request
0 No
1 Yes

Table 16 Timer B Interrupt Mask

IMTB Interrupt Request
o) Enable
1 Disable {Mask)
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Input/Output

The MCU has 58 I/0 pins including 12 high-
current standard pins (15 mA). If an I/O pin is
used as an input pin, output data should be in
the state shown in table 18.

D Port: The D port is an I/O port which has 16
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. See table 17 for the
I/0 pin circuit types.

R Ports: The eleven R ports in the
HD4074008 are composed of 20 I/O pins, 16
output-only pins, and 6 input-only pins. Data
is input through the LAR and LBR instruc-
tions and output through the LRA and LRB
instructions. The MCU will not be affected by
writing into the input-only and/or non-exist-
ing ports, while invalid data will be read by
reading from the output-only and/or non-

existing ports.

The R3z, R33, R40, R4,, and R4, pins are multi-
plexed with the INT,, INT;, SCK, SI, and SO
pins, respectively. See table 17 for the I/O pin
circuit types.

Unused I/0 Pins: If the I/O pins not used in
the user system are left floating, the LSI may
malfunction because of noise. The electric
potential of the I/O pins should be fixed as
follows to prevent malfunction.

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

For NMOS open drain output pins, connect
the pin to GND on the printed circuit of the
user system. Input pins should be connected
to Vee on the printed circuit of the user sys-
tem.

Table 17 I/0O Pin Circuit Types

Standard Pins

MOS Without Pull-Up Pins MOS Without Pull-Up Pins
{(NMOS Open Drain) {NMOS Open Drain)
1/0
i — ——| >o——— sck
pins LT Input data Do-D v
Rgo—s&; cc HLT + Mode sefect SCKNote 2)
t
ff]_H_LT Rio-Rds | :@ g‘é bt
Output data RS0-R53 Internal SCK
Qutput Vee
pins —
—_— HLT
HLT R60-R63
o dat R70-R73 SO
utput data | Rg _R
8o-R83 I'_‘)G:—so
Input
pins INTo
LT o
SI
O____D)—lnput data |R9y-R95 O_|:‘D)— Input data SCKiNote 2
HLT
Input
mode

Notes: 1. In stop mode, HLT is O and HLT is 1. 1/O pins are in high impedance.
2. During serial interface interrupt, the SCK pin is an input pin if external clock input mode is
selected.
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R4,/SCK and R4,/SO should be set to R4p and Reset

R4, by the serial mode register and port mode

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

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

Table 17 1/0 Pin Circuit Types (cont)

Standard Pins

MOS Without Pull-Down

(PMOS Open Drain) Pins
/0 pins
/Op Vee
La=in
Qutput data D4-D1s
R10-R13
R20-R23
LY Input data
Output
pins
Vee
RO R0o-ROs
Output data
Input
pins
HLT Input data RAo, RA;

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

Table 18 Data Input from Common Input/Output Pins

1/0 Pin Circuit Type Input Possible Input Pin State
Standard pins CMOS No —
MOS without pull-up
. Yes 1
(NMOS open drain)
MOS without pull-dow
without pu n Yes 0

{(PMOS open drain)
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Table 19 Initial Values at MCU Reset

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

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

After MCU Reset to Recover

After MCU Reset to Recover

This Materia

Item Abbr from Stop Mode from Other Modes
Carry fiag (CA) The contents of the items before The contents of the items before
MCU reset are not retained. MCU reset are not retained.
Accumulator (A) o
It is necessary to initialize them by It is necessary to initialize them by
B register (B) software again. software again.
W register (W)
X/SPX registers (X/SPX)
Y/SPY registers (Y/SPY)
Serial data register (SR)

RAM

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

Same as above for RAM.
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Internal Oscillator Circuit lator can be selected as the oscillator type.

Refer to table 20 to select the oscillator type.
Figure 15 outlines the internal oscillator cir- In addition, see figure 16 for the layout of the
cuit. A crystal oscillator or ceramic filter oscil- crystal or ceramic filter.

0SCh @——
1/8 Timing
Oscillator divider generator System
circuit circuit clock
0scC: @—

Figure 15 Internal Oscillator Circuit

o N\
-5 G
TEST S N
RESET‘g NJ§

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

Circuit Configuration

Circuit Constants

External clock

Oscillator
operation
0SCi
Open—0OSC:
Ceramic filter Ceramic filter
oscillator o °.'_l_]_{osc, CSA8.00MT
filter S3R (Murata)
.—LLIoscz Re: 1 MQ £ 20%
r C1:30 pF + 20%
oNe C2:30 pF = 20%
Crystal oscillator s S T 1108& Ri: 1 MQ + 20%
?:ET C1:10-22 pF = 20%
”7(':'1 ]0552 C2:10-22 pF £ 20%

GND

AT-cut parallel
resonance crystal

OSC--—{ L CZQ—‘OSC;

Co

Crystal: Equivalent circuit shown at bottom left
Co: 7 pF max.

Rs: 100 Q max.

f: 1.0-9 MHz

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

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

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

Standby Mode: Executing the SBY instruc-
tion puts the MCU into standby mode. In

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

Table 21 Low-Power Dissipation Modes Function

Condition
Timer/
Low-Power input/ Counters,
Dissipation Oscillator Instruction Registers, Interrupt Output Serial Cancellation
Mode Instruction  Circuit Execution Flags Function RAM Pins Interface Method
Standby mode  SBY Active Stop Retained Active Retained Retained?2 Active RESET
instruction input,
interrupt
request
Stop mode STOP Stop Stop Reset! Stop Retained  High Stop RESET
instruction impedance input

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

of the flags and registers.
2. When an 1/0 circuit is active, an 1/0 current may flow, depending on the state of the 1/0 pin
in the standby mode. This is the additional current for current dissipation in the standby

mode.

Active

Mode

)\
e‘—‘\ AP Ok/.
&e.c*o >

0

RESET=1
RESET=
2 9
(o]
g 3

Standby
Mode

Figure 17 MCU Operation Mode Transition
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The standby mode may be cancelled by
inputting RESET or by asserting an interrupt
request. In the former case the MCU is reset.
If the interrupt enable flag is 1 when an
interrupt request was asserted, the interrupt
is executed; if it is 0, the interrupt request is
put on hold and normal instruction execution
continues. In the latter case, the MCU
becomes active and executes the next
instruction following the SBY instruction.

Figure 18 shows the flowchart of the standby
mode.

Stop Mode: Executing the STOP instruction
brings the MCU into the stop mode, in which
the 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 19,
the reset input must be applied for at least tgrc
for oscillation to stabilize. (Refer to the AC
characteristics table.) After the stop mode is
cancelled, RAM retains the state it was in just
before the MCU went into stop mode, but the
accumulator, B register, W register, X/SPX

Oscillator: Active
Peripheral clocks:

Reset MCU . .
instruction

Active
All other clocks:
Stop
RESET
=17
Restart Restart
processor clocks processor clocks
No IE =
1?
Yes
Execute Accept

interrupt

Figure 18 MCU Operating Flowchart in Standby Mode
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registers, Y/SPY registers, carry flag, and
serial data register will not retain their con-
tents.

Stop mode

Oscillator

|

RESET

{¢ 49 L
— |

r i
s LT (WL LT
T

STOP instruction execution tres = tgc (stabilization time)

Figure 19 Timing of Stop Mode Cancellation
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Programmable ROM Operation

The HD4074008’s on-chip PROM is pro-
grammed in PROM mode (figures 20, 21 and
22). The PROM mode is set by pulling TEST,
Mo, and M, low, and RESET high as shown in
figure 21. In the PROM mode, the MCU does
not operate. It can be programmed like a
standard 27256 EPROM using a standard
PROM programmer and a 64-to-28-pin socket
adapter. Table 23 lists recommended PROM
programmers and socket adapters.

Since an instruction of the HMCS400 series
consists of 10 bits, the HMCS400-series
microcomputer incorporates a conversion
circuit to be used as a general purpose PROM
programmer. By this circuit, an instruction is
read or programmed using 2 addresses, the
lower 5 bits and upper 5 bits as shown in
figure 22. 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 HD4074008 can be programmed at high
speed without causing voltage stress or

affecting data reliability.

Table 22 shows how programming and
verification modes are selected.

Figure 23 is a programming flowchart, and
figure 33 is a timing chart.

Erasing

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

Erasing conditions require an ultraviolet light
of wavelength 2537 A with a minimum irra-
diation of 15 W-sec/cm?2. These conditions are
satisfied by exposing the LSI to a 12,000-4 W/
cm? UV source for 15 to 20 minutes at a
distance of 1 inch.

Precautions

1. Addresses $0000 to $3FFF should be
specfied 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 package type cannot be
erased and reprogrammed. Data in un-
used addresses should be set to $FF.
(Only ceramic window packages can be
erased and reprogrammed.)

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

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

Table 22 PROM Mode Selection

Pin
Mode CE OE Vpp
Programming Low High Vpp Data input
Verify High Low Vpp Data output
_Pro_gramming High High Vppe  High
inhibited impedance
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Table 23 PROM Programmers and Socket Adapters

PROM Programmer Socket Adapter
Maker Type Name Maker Type Name Package
DATA 1/0 228B Hitachi HS408ESS11H DP-64S
29B DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
AVAL Corp. PKW-1000 Hitachi HS408ESS21H DP-64S
PKW-7000 DC-64S
HS408ESFO1H FP-64
HS408ESFO3H FP-64A
210
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Figure 20 PROM Mode Pin Arrangement
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Vece
Vce
TEST
Mo
My
Data
00-0; |2 o,
Rgo/Vpp AO_A14 <: 2dd:ass
0~ 14
OF [«————— OE
CEje—— CE
GND

!

Figure 21 PROM Mode Connection Diagram

$0000
$0001

$001F

$0020

$007F
$0080

S1FFF
$2000

$3FFF

$TFFF

., ¢t ' Bit4  Bit3, Bit2 K Bit1, BitO |Lower 5bits } JMPL instruction _| 30000
t , 4+, 1 BitS  Bit8,6 Bit7,6 Bit6  Bit5 | Upper 5bits $oooo {jump to reset routine) $0001
JMPL instruction $0002

Vector address " -

{jump to IN o routine} $0003
$000F JMPL instruction $0004
$0010 {jump to TN 1 routine) $0005

g Zero-page subroutine JMPL instruction _| 00086
(64 words) {jump to timer A routine) $0007

JMPL instruction _| s0008
$003F {jump to timer B routine) $0009
$0040 $000A

q Pattern $0008
{4096 words) JMPL instruction _| soooc

(jump to serial routine) $000D
SOFFF $000E
$1000 $O00F

Program
(8198 words)
$1FFF
$2000
Not used!Note!
n 1 1 ' 1 SaFFF
 — — ———
Three bits are not used.
(Setto 111)

Note: When reading this address space, $FF is output.
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Figure 22 PROM Mode Memory Map
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Set programming/verification mode
Vep=12.5+0.3V. Vcc=60+025V

Address=0

I Program tpw = 1ms = 5% J

I Address + 1

+ Address

Last
address ?

Set read mode
Vee=50%0.5V, Vep=Vcc +0 6V

All addresses
read ?

This Materi al

Figure 23 High-Speed Programming Flowchart
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ZTAT™ MCU On-Chip PROM Character-
istics and Precautions

Principles of Programming/Erasing: The
ZTAT™ memory cells are the same as an
EPROM's. Therefore they are programmed by
applying a high voltage to its control gate
and drain, which injects hot electrons into the
floating gate. These electrons 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 at its floating gate
appears as a 1 bit (figure 24).

The electron charge in memory cells may

decrease with time. 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 great. Normally,
electron erasure does not occur, because such
defective devices are found and removed
during testing.

Control gate

Floating gate
Source oo

Drain

Programming (O)

Control gate

so: @

Source

Floating gate

Drain

Erasing (1)

Figure 24 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 Vep,
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
attention to the following:

- Confirm 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.

PROM Reliability after Programming:
Generally, semiconductors are reliable except
for initial failures that can be avoided by
screening tests. Exposure to high tempera-
ture is a kind of screening which quickly
removes PROM memory cells with data hold
failures This is done to the ZTAT™s in the
wafer stage, so ZTAT™ data hold character-
istics are high. Exposing the LSI to 150°C after
user programming can effectively upgrade
these characteristics. Figure 25 shows the
recommended screening procedure.

Note: If programming errors occur contin-

uously during programming with a
PROM programmer, stop program-
ming and check the PROM pro-
grammer or socket adapter.
If trouble occurs during verification
after programming or after exposure
to high temperatures, please inform
Hitachi.

Programming,
Verification

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

-0 h*

Confirmation of reading
Vecc =4.5Vor55V

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

Figure 25 Recommended Screening Procedure
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Addressing Modes
RAM Addressing Modes

As shown in figure 26, 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 $020 to
$02F) are accessed by executing the LAMR
and XMRA instructions.

ROM Addressing Modes and the P
Instruction

The MCU has four ROM addressing modes as
shown in figure 27.

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 (PCi3 to PCo) 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 on the current page.
This instruction replaces the low-order eight
bits of the program counter (PC7 to PCop) with
8-bit immediate data.

216

When the BR instrution is on a page bound-
ary (256n + 255) (figure 28), 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 (PCi3 to
PCs).

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 29). 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 YA N Y

Wi | Wo | X3 | X2 X: | Xo Y3 Y2 Y Yo

RAM address | APs| APs | AP7 | APs | APs| APa | APz | AP2| AP; | APo

Register Indirect Addressing

Instruction 1st word Instruction 2nd word

Opcode do | ds | d7 | de | ds | da | d3 | d2 dy | do

1 1 1 1 1 1 1 | 1

RAM address | APs | APg | AP7 [ APs | APs | APa| AP3 | APz | AP: |APo

Direct Addressing

Instruction

Opcode ms | mz2 | mi [ mo

RAM address | APs| APs| AP7| APs| APs | AP4| AP3| AP2| APy APo

Memory Register Addressing

Figure 26 RAM Addressing Modes
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(UMPL)
(BRL)
(CALL)
Instruction 1st word Instruction 2nd word
7 N TN\
1 T T T T Ll Ll T T T L] T T 1 T T g
Opcode P3 p2 p1 po|ds ds d7 ds ds da ds d2 di do
1 1 1 L 1 1 1 1 1 1 1 i 1 i 1 A 1
Y AR
v T T v ¥ T L] v T T T T T
Program counter {PC13 PC12'PC11'PC101 PCslPCa , PCy .PCG | PCsI PCs PCs . PC2 PC: , PCo
Direct Addressing
Instruction
Vo N
T T T T T T T T
(BR)| Opcode | b; bs bs . bsa bz b2 bi bo
L 1 1 1 A 1 1
y / [ 4 1
T T T L T T T T T T T T T
Program counter PC13IPC12'PC11IPC101 PCeIPCalPC7 lPCcle’Cs lF’Ca ,PCs PC2 F’C1l PCo
Current Page Addressing
Instruction
— N\
T L] ) T L] ¥ A T
(CAL) . OP(iOde . as as 33 a ar @
i A 1
0 0O 0O O o o o 0
AR 2N 2R 2N S AR B vy Y.y
T T T T T T T T T T T T T
Program counter PC1:alPC1z PC11IPC10| PCslPCs , PC; PCs F’Cle’C‘al PCz PC2 PCi PCo
1 L i 1 i i
Zero Page Addressing
Instruction
r 2\
T T 1 1 T T T T
(TBR) Opcode Ps  p2 Pt Ppo B register Accumulator
1 1 1 1 i 1 1 1 — S -~
T T T L] ¥ T
Bs . B2 Bx . Bo | Az Az A , Ao
O O 1 1 1
* ‘ / y / A . 1 3
T r T L) 1 by T 1 L] L) ¥ Ll
Program counter JPC1aPC12 PC11 PC1o PCs PCs PC; PCe PCs PCs PC3s PC2 PC:i PCo
1 i L 'l 1 1 1 1 1 1 1 1 1
Table Data Addressing
Figure 27 ROM Addressing Modes
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N\

256(n — 1) + 255
T BR AAA 256n

1 AAA NOP

| BR AAA 256n + 254

—~—1 BR BBB 256n + 255
256(n + 1)

sl BBB NOP

N

Figure 28 BR Instruction Branch Destination on a Page Boundary

Instruction

T T T Ll 1 T T

T
P) Opcode )
1 n pL i ) Ps 2 P2 ] P1 N po B register Accumulator

7 N
1 T

1 1 T T
Bs B2 B1 Bo|As A2 A1 Ao
\ i )

T T |
Y y Y \ \ J A \

T T T T T T T T T T

T 1 1
Referred ROM address |RA13 RA12 RA11RA10RAs RAs RA; RAs RAs RAs RAz RA2 RA: RAo
1 1 1 1 1 i A i 1 L. A 1 1

Address Designation

T T T T Ll '
ROM data ROQIROS RO7]ROG|R051ROAIR03 , R02.R01lROo
N S T O N T
Accumulator, B register | B3 le B: Bo| A3 Az A Ao If ROg=1
] 1 1

1 1

i ] ¥ d ’ T T

ROM data ROsIROaIRO7lROis05IRO4LR03JR021R011R00
'Y ¥ v ¥ v vy

T T
Output registers R1, R2 [R23 R22 R2:1 R20|R13 R12 R1:; R1o If ROo=1
i 1 L L . L

Pattern

Figure 29 P Instruction
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Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage Vee -0.31t0 +7.0 \Y

Programming voltage Vep ~0.3to +14 \Y 3

Pin voltage Vit —0.3to Vee + 0.3 \Y 4

Total permissible input current Slo 50 mA 5

Maximum input current lo 15 mA 7.8

Maximum output current =lo 4 mA 9,10
6 mA 9, 11
30 mA 9, 12

Total permissible output current —Zle 150 mA 6

Operating temperature Topr —~20to + 75 °C

Storage temperature Tstg —-55to + 1256 °C

Notes: 1. Permanent damage may occur if these absolute maximum ratings are exceeded. Normal
operation should be under the conditions of the electrical characteristics tables. If these
conditions are exceeded, the LSI may malfunction or the reliability may be affected.

All voltages are with respect to GND.

Applied to R9o (Vep).

Standard pins.

Total permissible input current is the total sum of input currents which flow in from all 1/0
pins to GND simultaneously.

Total permissible output current is the total sum of the output currents which flow out from
Vce to all 1/0 pins simultaneously.

Maximum input current is the maximum amount of input current from each 1/0 pin to GND.
Do—D3 and R3—R8.

Maximum output current is the maximum amount of output current from Vcc to each 1/0
pin.

Do—D3 and R3—R8.

RO—R2.

D4s—D1s.

o apwN

N—O ©oN

Y
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Electrical Characteristics

DC Characteristics (Vecc = 5 V *10%, GND = 0 V, T. = —20°C to +75°C, unless other-
wise specified)
Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high Vik RESET, 5CK,  0.8Vec Vee + 0.3 v
voltage INTo, INT,

OSC4 Vee — 0.5 Vee + 0.3V

Si 0.7Vcc Vee + 0.3 v
Input low ViL RESET, 5CK, -0.3 0.2Vce v
voltage INTo, INT,

0SC, -0.3 0.5 \

Sl -0.3 0.3V¢e \%
Qutput high VoH SCK, Vee—1.0 \% —loH 1.0 mA
voltage SO

Vce—0.5 \% —lon 0.5 mA

Output low VoL SCK, 0.4 Vv loL = 6 mA
voltage SO
Input/output M| RESET, SCK, 1 #A Vin = OV to Vce 1
leakage INTo, INT,,
current 0SCq, SI, SO
Current lcc Vee 4.5 mA Vec = 5V 2.6
dissipation in
active mode
Current Isey Vce 1.7 mA Maximum logic 3.5
dissipation in operation
standby mode Vee = 5V
Current IsTOP Vee 10 HA VinTEsT = Vee — 0.3Vito 4
dissipation in Vee, VinReser: = OV
stop mode to 0.3V
Stop mode VsTop Vee 2 \%

retaining voltage

Notes: 1.
2.

This Mater

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: Vec

- Do-D3, R3-R9: Vce

. D4—D15, RO-RZ, RAo, RA‘|Z GND

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: Vcce

+ Da-D1ys, RO-R2, RAg, RA: GND

. Excluding pull-down MOS current.
- When fosc = x MHz, estimate the current dissipation as follows:

Maximum value at x MHz = (x/8) X (max. value at 8 MHz)

ial Copyrighted By Its Respective Manufacturer
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Input/Output Characteristics for Standard Pins: NMOS Open Drain (Vcc = 5 V *10%,
GND =0V, T. = —20°C to +75°C, unless otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition
Input high ViH Do-Dg3, 0.7Vee Vee + 0.3 \Y
voltage R3-R5,

RS
Input low ViL Do-D3, -0.3 0.3Vce A\
voltage R3-R5,

R9
Output low VoL Do-D3, 0.4 A\ loL = 1.6 mA
voltage R3-R8
Input/output el Do-D3, 1 uA Vin = 0 V to Ve
leakage current(Note) R3-R9

Note: Pull-up MOS current and output buffer current are excluded.

Input/Output Characteristics for Standard Pins: PMOS Open Drain (Vcc = 5 V £10%,

GND =0V, Ta = —20°C to +75°C, unless otherwise specified)
item Symbol Pin Min Typ Max Unit Test Condition
(nput high Vin Da-D1s, 0.7Vcc Vec + 0.3V
voltage R1, R2,
RAg, RA;
Input low ViL D4-Djs, -0.3 0.3Vce A\
voltage R1, R2,
RAg, RA4
Output high Vou D4-D1s Vee — 3.0 \ —lon =15 mA, Vcc = 5V
voltage
Vec — 2.0 \% —lon = 10mA, Vcc = 5V
Vee — 1.0 Vv —lon =4 mA, Vcc =5V
RO-R2 Vee - 3.0 \ —loy =3 mA, Vcc =565V
Vee — 2.0 \ —loy = 2mA, Vec =5V
Vee — 1.0 A - lon = 0.8 MA, Vcc = 5V
input/output il D4-D1s, 1 uA Vin = 0 to Vce
leakage RO-R2,
current RAg, RA4

Note: Pull-down MOS current and output buffer current are excluded.
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AC Characteristics (Vcc = 5 V *10%, GND = 0 V, T = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Typ Max Unit Condition Note
Oscillation frequency fosc 0SCq, 0SCy 0.4 8 9 MHz Divide by 8

Instruction cycle teye 0.89 1 20 us

time

Oscillator stabiliza- tRe 0SC,, 0SC, 20 ms 1
tion time

External clock tcpH, 0SCy 41 ns Divide by 8 2
high and low tepL

widths

External clock rise tcp, 0SC, 15 ns 2
time

External clock fall tops 0SC, 15 ns 2
time

INTo high width tioH INTo 2 teye 3
INTo low width tioL INTo 2 teye 3
INT; high width 1K INT; 2 teye 3
INT low width tL INT, 2 toye 3
RESET high width  tqgry  RESET 2 toye 4
Input capacitance Cin All pins 15 pF f =1 MHz,

ovVv
RESET fall time tRSTE 20 ms 4

Notes: 1. The oscillator stabilization time is the period from when Vcc reaches its minimum allowable
voltage at power-on until when the oscillator stabilizes, or after RESET goes high. At power-
on or recovering from stop mode, apply the RESET input for more than trc to meet the
necessary time for oscillator stabilization. Since trc depends on the crystal or ceramic filter’s
circuit constant and stray capacitance, consult with the crystal or ceramic filter manufacturer

when designing the reset circuit.

2. See figure 30.
3. See figure 31.
4. See figure 32.

This Materia
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Serial Interface Timing Characteristics (Vcc = 5 V +10%, GND = 0 V, T. = —20°C to +
75°C, unless otherwise specified)

During Transmit Clock Output

Item Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tseye SCK 1 teye 1,2
cycle time

Transmit clock tSCKH, SCK 0.5 tseyce 1,2
high and low tsckL

widths

Transmit clock tsckr, SCK 100 ns 1,2
rise and fall times tsckf

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

Serial input data tssi Si 300 ns 1
setup time

Serial input data thsi Sl 150 ns 1
hold time

Refer to notes below.

During Transmit Clock Input

Item Symbol Pin Min Typ Max Unit Test Condition Note
Transmit clock tscye SCK 1 teye 1
cycle time

Transmit clock tSCKH. SCK 0.5 tscye 1
high and low tsckL

widths

Transmit clock tsckr, SCK 100 ns 1
rise and fall times tscks

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

Serial input data tssi SI 300 ns 1
setup time

Serial input data tHs Sl 160 ns 1
hold time

Notes: 1. See figure 33.
2. See figure 34.
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Vee — 0.5V~ . 3& . i
’fu— CPH— CPL:
0SC, 0.5V ‘y

tcpe tcet

Figure 30 Oscillator Timing

~r . 0.8Vee
INTO' 'NT1 tioH, ti1w: tioL, tic
0.2Vcc

Figure 31 Interrupt Timing

Figure 32 Reset Timing
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tscks
SCK Vee — 2.0V (0.8V¢c) *
0.8V (0.2V¢e) +

tbso
so = Vee — 2.0V
0.8V

SI

*Vee — 2.0V and 0.8V are the threshold voltages for transmit clock output.
0.8V and 0.2V are the threshold voltages for transmit clock input.

Figure 33 Timing of Serial Interface

Vee
R.=2.6kQ
Test
point
< 158207480
ck =R
B P1 2kQ or equivalent
30pF
s

Figure 34 Timing Load Circuit
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Programming Electrical Characteristics
Write and Verify Mode

DC Characteristics (Vcc =6V £0.26V, Vpp =125V 0.3V, Vss = 0V, Ta = 25°C +5°C,
unless otherwise specified)

Item Symbol Pins Min Typ Max Unit Test Condition
Input high voltage Vin 00-07, Ao-A14, OE, CE 2.2 Vcc+0.3  V

Input low voltage Vi 00-07, Ao-A4, OE, CE -0.3 0.8 \

Output high voltage  Von 00o-07 2.4 \ lon = —200 xA
Output low voltage VoL 00-07 0.4 \% lo = 1.6 mA
Input leakage current |l | 00-07, Ao-A1a, OE, CE 2 uA Vi, =5.25V/0.5V
Vee current lcc 30 mA

Vpp current Ilpp 40 mA

AC Characteristics (Vcc = 6 V £0.25V, Vpp = 125V *0.3V, T. = 25°'C *5°C, unless

otherwise specified)

Item Symbol Min Typ Max Unit Test Condition
Address setup time tas 2 us Fig. 35°
OE setup time toEs 2 s

Data setup time tps 2 us

Address hold time tAH 0 us

Data hold time toH 2 us

Output disable delay time toF 130 ns

Vpp setup time tvps 2 us

Program pulse width tpw 0.95 1.0 1.05 ms

CE pulse width when overprogramming topw 2.85 78.75 ms

Vce setup time tvcs 2 us

Data output delay time toE 0} 500 ns

* Input pulse level: 0.8-2.2 V

Input rising/falling time < 20 ns

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

\
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Program Verify
Address
tas tan
Data Data in: Stable Data out: Valid
tos ton tor
Vpp
V
PP Vee J tvps
Vee
V,
“ ono A tes
CE —
tew toes toe
OE
Topw ]
Figure 35 PROM Programming/Verification Timing
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Read Mode

DC Characteristics (Vss = 5 V +10%, Ver = Vcc +0.6 V, Ta = 25°C *£5°C, unless
otherwise specified)

Item Symbol Min Typ Max Unit Test Condition
Input leakage current mn 1 uA Vcec = 5.5V, Vi, = GND to Ve
Output leakage current loL 1 uA Vee = 5.5V, Vour = GND to Ve
Progmam current Ipp 1 100 uA Vep = Vec + 0.6 V
Current dissipation lcc 30 mA
active mode
Input voltage Vi -0.3 0.8 \Y
ViH 2.2 Vec+0.3 V
Output voltage VoL 0.40 \% loL = 1.6 mA
VoH 2.4 \Y lon = —200 xA

AC Characteristics (Vcc = 5 V £10%, Ver = Veec +0.6 V, Ta = 25°C *5°C, unless
otherwise specified)

Item Symbol Min Max Unit Test Condition
Access time tace 500 ns CE = OE = Vi,
CE output delay time tce 500 ns OE = Vv,
OE output delay time toe 10 150 ns CE = VL
Output disable delay time* tor 0 105 ns CE = W
Data output hold time ton 0 ns CE=0E =V,

* Tor is defined when the output becomes high impedence and cannot be referenced.
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Switching characteristics:

Input pulse level: 0.8 to 2.2V Output load: 1 TTL gate + 100 pF
Input rise/fall time < 20ns Output timing reference levels: 1V, 2V
Input timing reference levels: 0.8V, 2V

¥ ~\
Address >< ><
™~ 7

CE /
/
tece—™
OE /
toe— — tpF —f
tacc L“tOH‘.

Data out ////f Data out: Valid :>\-
DNV #/

Figure 36 PROM Read Timing
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