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HD404019/HD4074019 ——

Description —Standby: Stops instruction execution
while allowing clock oscillation and

The HD404019 and HD4074019 are HMCS400- interrupt functions to operate

series CMOS 4-bit single-chip microcom- —Stop: Stops instruction execution and

puters. Each device incorporates a ROM, clock oscillation while retaining RAM

RAM, I/O, serial interface, and 2 timer/ data

counters, and contains high-voltage 1/0 pins ® On-chip oscillator

including high-current output pins to directly —Crystal or ceramic filter

drive fluorescent displays. —External clock

® Packages
—64-pin shrink type plastic DIP

HITACHI/ (MCU/MPU) —64-pin flat plastic package
—64-pin shrink type ceramic DIP with
Features window

® 16384-word X 10-bit ROM
—Mask ROM: HD404019
—PROM: HD4074019

® 992-digit X 4-bit RAM Ordering Information
® 581/0 pins, including 26 high-voltage I/0O

pins (40 V max.) Type Part Number  Package
® 2 timer/counters

—8-bit free-running timer Mask ROM HD404019S DP-64S

—8-bit auto-reload timer/counter

® Clock synchronous 8-bit serial interface HD404019H FP-64A

® Five interrupt sources HD404019FS FP-64B
—Two by external sources
—Two by timer/counters ZTAT™™ HD4074019S DP-64S
—One by serial interface

& Subroutine stack, up to 16 levels including HD4074019H  FP-64A
interrupts

® Minimum instruction execution time: 0.89 HD4074019FS FP-64B
K8 HD4074019C  DC-64S

® Low-power dissipation modes
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Block Diagram
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HITACHI/ (MCU/MPU)

s|qejieae JoN i —
a|qeieAY (O

abexoed onseid iey uid-49 ¥9-dd
dig adA1 yuuys wd-9  :Sg-dd

yoeq ABBid oiwelso adAl yuuys uid-9 (dS#9-20Q MOPUIM YUM d|J Wead adAy yuuys uid-4g :S$9-2Q  !SAON
(W) yo
puels
62 woy
wbiay
6°C 'S 6'Z 98] 6°C (8] 6T 67 'S §L 67 1's 94 6'C 6T [ 9'G wnwpepy
TuxTLl ()
9°'sZ 962 9°'6Z Ll 8've €£°LS N1 €45 TLL 8Y¥T €'L8 ease
xg'6L 85x¢Ll xg'6L 88xLl x9'6L BGXLlL XxXT'LL x8'BL BSXLL XET x9'6L 86Xl x8'8L xZT'LL xB8'BL B8GxLI x8'8L PAINIQ
vt9-dd (mopuim) {mopuim)
t9-dd S¥9-dQ t9-dd St9-dd v9-d4 S¥9-d0 V¥9-dd 9v9dd Sroda dS¥9-00 v9-d4 SP9-d0 SY9-0d V¥9-dd 8¥9-dd SP9-dQ S¥9-00 adA)  abexoeqd
JTOFSOWH JvOtrSOWH — - — — — aoueisisey
o o o o o] o] o owuesas) uonesaush
o o o c o [S) o jeisAi) #2012
sud
SOW umop-|Ind yum Jo {asn A-G (eaidA]) abejjoa
{uiesp uado SOG) SOW Umop-|Ind INoYM ag ued ud yoeg utesp uado SOWd ulesp uado SONJ ulelp vado SONd yBiH
SOWD 10 'SOW dn-ind yam sud  ynaR
’{ulesp usdo SOWN) SOW dn-|Ind Inoyim aq ued uid yoe3 ulesp uado SOWN utesp uedo SOWN ujeip uado SOWN Prepuals  uid O/
Ha-¢ x 091 Uq-¥ x 992 ng-¥ x Z1i§ Hq-¥ x 766 9 x 94§ 1q-v x Zig 19y x 266 Wvy
uq-gL x
+8€°9} 9GZILINH
Uq-gl x
261°'8 ‘8TLLTBYNH
-0l x UG-0L x UG-04 x -0l x HA-OL x Q0L x H9-01 x
SpIOM 8¥0'T SPIOM 960 SpIOM Z61L'8 Spiom $8E‘9L 960°'% (¥IDLZNH spiom Z6L'8 SPIOM p8E'9L WOd
{A) 9be1j0A
9-£'Z 9V 9G¥ 9-L'T 9% %Gt 9-6Z 9-9€ 9-G'F 9-9'¢ 9'5-GY §'6-S'Y §°6-9'% Alddns Jemod
awn
uonNO8Xs UoH
sfy sz sf| shy sig si| sty shg si| s | s7TggL st | s7 | -onnsus (eoidAj
12/2/9VZOPSIONH 12/3/IVHOFSINH 13/2/IVB0YSOWNH 610v0PAH 809104V 1L90H 800vL0tAH 6L0PL0VAH wey}
S080d¥19QH
INOH NN WOUd3 *Bmpey-uo INOYd oBonoud-u] ,IVI7

sedA L WOM MSEeI PU® ‘WOHdT eBended-uQ ‘WOYd efexded-ul ueesmieq SeousIazzid

234




BLE D BN 449L204 0035060 LTH4 EEHIT3

HD404019/HD4074019

Pin Functions
Power Supply

Vee: Apply the power supply voltage to this
pin.

GND: Connect to ground.

Vawp: Power supply pin (muitiplexed with
RA,) for high-voltage 1/O pins with a maxi-
mum voltage of 40 V (Voc — 40 V). For details,
see the Input/Output section.

TEST: For test purposes only. Connect it to
Vee.

RESET: Resets the MCU. For details, see the
Reset section.

Oscillators

0OSC;, OSC,: OSC; and OSC; can be con-
nected to a crystal resonator, ceramic filter
resonator or an external oscillator circuit. For
details, see the Internal Oscillator Circuit
section.

Ports
Do—Dss (D Port): An input/output port ad-

dressed by bits. These 16 pins are all input/
output pins. Do to D3 are standard pins and Dy

HITACHI/ (MCU/MPU)

to Dis are high-voltage pins. The circuit type
for each pin can be selected using a mask
option. For details, see the Input/Output sec-
tion.

RO—RA: (R Ports): RO to R9 are 4-bit I/0
ports. Only RA is a 2-bit port. R9 and RA are
input ports, and RO to R8 are 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
R32, R33 R4o, R4y, and R4; are multiplexed
with INTy, INT;, SCK, SI, and SO, respectively.
For details, see the Input/Output section.

Interrupts

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

Serial Communciations Interface

SCK, SI, SO: The transmit clock I/O pin
(SCK), serial data input pin (SI), and serial
data output pin (SO) are used for serial inter-
face. SCK, SI, and SO are multiplexed with
R4y, R4,, and R4;, respectively. For details, see
the Serial Interface section.
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HD404019/HD4074019

Memory Map
ROM Memory Map

The MCU contains a 16,384-word X 10-bit
ROM (mask ROM or PROM). It is described in
the following paragraphs and by the ROM
memory map in 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 programs. After reset or an
interrupt routine is processed, the program is
executed from the vector address.

HITACHI/ (MCU/MPU)

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

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

Program Area (S0000 to S3FFF): Loca-
tions from $0000 to $3FFF can be used for
program code.

163832 $ 3FFF

0 $ 0000 o[ JMPLinstruction ] $0000
Vector address 1 {jump to reset routine) $ 0001
15 $ 000F 2 R JMPL instruction $ 0002
16 $ 0010 3 {jump to TNT; routine) | ¢ 0003
4 - - 0004
Zero-page subroutine - . JMPL instru °"°T‘ - $
5 (jump to INT; routine) $ 0005
(64 words)
63 $ 003F 6| JMPL instruction _|s 000
64 $ 0040 71  (jump to timer-A routine) $ 0007
Pattern 8] JMPL instruction $ 0008
L (4096 words) 9 {jump to timer-B routine) 7 $ 0009
a09s )| J $OFFF 10 $ 000A
4096 $1000 " $ 0008
12 JMPL instruction $ 000C
Program - X : . -
13] {iump to serial routine) $ 000D
>
(16,384 words) 14f $ 00OE
15 $ 000F

Figure1 ROM Memory Map
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HD404019/HD4074019

RAM Memory Map

The MCU also contains a 992-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 (5004 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.

0 $ 000 0 $ 000
- i 1
RAM-mapped registers - ! Interrupt control bits area $ 00
31 $ O1F 2 $ 002
32 $ 020
. 3 $ 003
R T
47 ___-“ﬁe_"lo_rireglitfrji'\i _)__ $\02F 4] Port mode register (PMR) ' W |$004
48 TS 030 5| Serial mode register (SMR) | W |$ 005
Data 6| Serial data register lower  {SRL) IR/w]$ 006
(9286d' its) 7] Serial data register upper  (SRU) R/W|$ 007
its
9 8] Timer mode register A (TMA) ! W |$ 008
9] Timer mode register B (TMB) | w |$ 009
0 ) (TCBL/TLRL) !R/W]$ O0A
- TimerB*
(TCBU/TLRU)R/W|$ 00B
12 $ 00C
959 $ 3BF Not used
960 $ 3CO
62‘;?‘? ) 31 $ OTF
t:
1023 (64 dgis $ 3FF
*: Two registers are mapped on the same address.
. Timer counter B lower | Timer load register B lower |
R: Read only 10 (TCBL) R (TLRL) W | $00A
W: Write only ; ;
X . Timer counter B upper | Timer load register B upper :
R/W: Read/Write 1 (TCBU) ‘R (TLRU) W [ $00B

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

Stack Area (S3C0 to S3FF): 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 instruction,

HITACHI/ (MCU/MPU)

CALL instruction) or interrupts are proces-
sed. This area can be used as a 16-level nest-
ing stack in which one level requires 4 digits.
Figure 4 shows the save condition. The pro-
gram counter is restored by the RTN and
RTNI instructions. The status and carry flags
are restored only by the RTNI instruction.
This area, when not used as a stack, is avail-
able as a data area.

Bit 3 Bit 2 Bit 1 Bit 0
IMO IFO RSP IE
0 — — . $000
(IM of INTo) (IF of INTg) (Reset SP bit) {interrupt enable flag)
, IMTA IFTA M1 IF1 $001
(IM of timer A) (IF of timer A) {IM of INT4) (IF of INT)
IMTB IFTB
2 Not used Not d 2
use (IM of timer B) (IF of timer B) | >°°
IMS IFS
3 Not used Not d
use (IM of serial) (IF of serial) $003

IF:  Interrupt request flag
IM:  interrupt mask

{E:  Interrupt enable flag
SP: Stack pointer

by the SEM/SEMD instruction.

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

The value of the status flag becomes invalid when the unusable bits are tested.

Figure 3 Interrupt Control Bits Area Configuration

Memoary registers Stack area
32| MR{0) [$020 960] Level 16 [$3CO
33| MR(1) |s021 Level 15
34} MR(2} $022 Level 14
35] MR(3) $023 Level 13
36| MR@4) $024 Level 12
37| MRI5) $025 Level 11
38| MR(6} $026 Level 10
39| MR(7} $027 Level 9
40! MR(8) [$028 Level 8
41| MR(9) |$029 Level 7
42| MR(10) |$02A Level &
43| MR(11) |$02B Level 5
44| MR(12} |$02C Level 4
45] MR{13) |$02D Level 3
46| MR(14} |$02€ tevel 2
47| MR(15) |$02F 1023| Level 1 [$3FF

CA: Carry flag
Bit 3 Bit 2 Bit 1 Bit 0

T 4

1020] ST FCis 2027 PCn  |$3FC
L
} ;

1021 PCwo PCs PCs PC;  |$3FD
1
} ;

1022} CA PCe PCs FC: |$3FE
—

1023| PG PC2 PGy PCo |33FF
| 1 i

PC1a to PCgq: Program counter
ST: Status flag

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

238




LL1E D WM 4y9k204 00350b4 84T EEHITS3

HITACHI/ (MCU/MPU)

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 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, a carry is pushed onto
the stack. It is restored by the RTNI instruc-
tion, but not by the RTN instruction.

HD404019/HD4074019

Status Flag (ST): The status flag (ST) holds
the ALU overflow, ALU non-zero, and the
results of a bit test instruction for the arith-
metic or compare instructions. It is a branch
condition of the BR, BRL, CAL, or CALL
instruction. The value for the status flag
remains unchanged until the next arithmetic,
compare, or bit test instruction is executed.
The status becomes a 1 after the BR, BRL,
CAL, or CALL instruction was sither execut-
ed or skipped. During an interrupt, the status
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)
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.

B ragister
10
w
W
3 Q
3 ]
¥ g
3 ]
—
3 4]
Spy SPY register

'Carry flag

B
Status flag

-[4] 5]

Program
countar

PC

9 5
LT

Figure 5 Registers and Flags

Stack

Sp pointer
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The stack can only ne used up to 16 levels
deep because the high-order four bits of the
stack pointer are fixed at 1111.

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

Interrupts

Five interrupt sources are available on the
MCU: external requests (INTo, INT:), timer/
counters (timer A, timser B), and serial port
(serial). For each source, an interrupt request
flag (IF), interrupt mask (IM), and interrupt

HITACHI/ (MCU/MPU)

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

$000,0

Sequence control

E

$000,2
[

- Push PC/CA/ST
:}—- - Reset IE
« Jump to vector

address

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

$000,3
. —>
W |, Vector
Priority control logic |, address
$001,0

Figure 6 Interrupt Control Circuit Block Diagram
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HD404019/HD4074019

control circuit. Table 1 shows the interrupt
priority and vector addresses, and table 2
shows the interrupt conditions corresponding
to each interrupt source.

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

Figure 7 shows the interrupt processing
sequence, and figure 8 shows the interrupt
processing flowchart. If an interrupt is re-

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

At each vector address, program the JMPL
instruction to branch to the starting address
of the interrupt program. The IF which
caused the interrupt must be reset by soft-
ware in the interrupt program.

Table 1 Vector Addresses and Inter-

rupt Priority

Reset/Interrupt  Priority Vector Addresses

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

Table 2 Interrupt Conditions

Interrupt Source

Interrupt Control Bit INTo INT, Timer A  Timer B Serial
3 1 1 1 1
IFO-IMO 1 o o} o}
IF1.IMT * 0 0 0
IFTA-IMTA * 1 0 0
IFTB-IMTB * * 1 0
IFS-IMS * * * 1

Note: * indicates don't care
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HITACHI/ (MCU/MPU)

Interrupt Enable Flag (IE: $000, Bit 0):
The interrupt enable flag enables/disables
interrupt requests as shown in table 3. It is
reset by interrupts and set by the RTNI
instruction.

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

The external interrupt request flags (IFQ, IF1)
are set at the falling edge of INT, 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 INT
is used 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 (IF0, IF1) are set at the
falling edge of the INTo and INT: inputs,
respectively.

External Interrupt Masks (IMO: $000, Bit
3; IM1: $001, Bit 1): The external interrupt
masks mask the external interrupt requests.

Port Mode Register (PMR: $004): The port
mode register is a 4-bit write-only register
which controls the R32/INT; pin, R33/INT; pin,
R44/SI 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

1E Interrupt Enable/Disable PMR3 R33/INT; Pin
0 Disable 0 Used as R33 port input/output pin
1 Enabl —
nable 1 Used as INT¢ input pin
Table 4 External Interrupt Request I
Flags PMR2 R32/INT, Pin
IFO, IF1 Interrupt Request (¢} Used as R3z port input/output pin
0 No 1 Used as INTp input pin
1 Yes
PMR1 R44/S1 Pin
Table 5 External Interrupt Masks o Used as R4 port input/output pin
1M0O, IM1 1 Request
nterrupt Req 1 Used as Sl input pin
o] Enable
1 Disable (Mask) PMRO R42/S0 Pin
0 Used as R4z port input/output pin
1 Used as SO output pin
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Instruction 1 2 3 4 5 &
cycles
1 I } 1 { |
T T T T T T —1
Instructian
execution
: Stacking;
Interrupt Stacking:
"9 wvector address
accepted reset of {E
s genarated
JMPL instruction execution on the
vector address
Instruction
execution at
starting address
of the intarrupt
routine

Figure 7 Interrupt Processing Sequence
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Power
on
RESET>‘°
Yes
lmerrup\ Yes
request
7
No
No o E=12
Yes
Y
Execute .
Reset MCU instruction Accept interrupt
PC—(PC)+1 IE— 0

Stack—(PC)

Stack«(CA)

Stack—(ST)

et —4 PC—$ 0002
e~ PC.-$ 0004
R PC+$ 0006
fee—1 PC—$ 0008
1 PC+$ 000C

(Serial interrupt)

Figure 8 Interrupt Processing Flowchart
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Serial Interface

The serial interface is used to transmit/
receive 8-bit data serially. It consists of the
serial data register, the serial mode register,
the octal counter, and the multiplexer as
illustrated in figure 9. Pin R40/SCK and the
transmit clock signal are controlied 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 initiates serial interface
operations and resets the octal counter to $0.
The counter starts to count at the falling edge
of the transmit clock (SCK) signal and incre-
ments by one at the rising edge of SCK. When
the octal counter is reset to $0 after eight
transmit clock signals, or a transmit/receive
operation is discontinued, the serial interrupt
request flag will be set.

Serial Mode Register (SMR: $005): 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 transmit state, the write
signal causes the serial mode register to
cease the data transmit 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, the STS instruction must be

HD404019/HD4074019

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
transmit clock signal. At the same time,
external data is 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 timing chart of 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 cannot be guaranteed.

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

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

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

Initialize the serial interface by a write signal
to the serial mode register when the opera-
tion mode has changed.
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Table 7 Serial Mode Register

SMR3 R4o/SCK

o] Used as R4g port input/output pin

1 Used as SCK input/output pin

Transmit Clock

SMR 2 SMR1 SMRO  Rd4o/SCK Port Clock Source 5?3’.32 I;'atio 3%'3?32“ nﬂ?:k
0 0 0 SCK Output Prescaler + 2048 + 4096

o 0 1 SCK Output Prescaler + 612 + 1024

0 1 0 SCK Output Prescaler + 128 + 2566

0 1 1 SCK Output Prescaler + 32 + 64

1 0 o] SCK Output Prescaler + 8 + 16

1 o} 1 SCK Output Prescaler +2 + 4

1 1 0 SCK Output System Clock — =1

1 1 1 SCK Input External Clock — —

0OC (3 bits)
System Prescaler (11 bits) Octal SROF IFS
clock counter
[ Serial interface
IR interrupt
ole Ses18 request flag
LY S W S RN O
: l Internal bus line (S1) ]
Serial MPX | =2 o MPX
14 b
SCK
SR (8 bits)
3 Serial data register
SMR (4 bits) PMR {4 bits) }4 }.4
Serial mode Port mode "
a register F register I Internal bus-line {52) l
SCK
r Internal bus line (S2) J 12
Rbo/SCK R4,/sl | ] R82/SO | ]
port port port

sCK sl S0

Figure 9 Serial Interface Block Diagram
246




LLE D WM 449kL204 0035072 91k EMHIT3

HD404019/HD4074019

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. The serial inter-
face 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
transmit clock is applied. If the STS instruc-
tion is executed, the serial interface shifts to
the transmit clock wait state.

In the transmit clock wait state the falling

Table 8 Serial Interrupt Request Flag

edge of the first transmit clock causes the
serial interface to shift to the transfer state.
The octal counter then counts up and the
serial data register shifts simultanecusly. 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 the execution of the STS
instruction, so 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.

HITACHI/ (MCU/MPU)

Table 10 Serial Interface Operation Mode

Interrupt . .
IFS Request SMR3 PMR1 PMRO Serial Interface Operating Mode
0 No 1 (o] 0 Clock continuous output mode
1 Yes 1 [¢] 1 Transmit mode
1 1 0] Receive mode

Table 9 Serial Interrupt Mask

Interrupt
IMS Request
0] Enable
1 Disable (Mask)

Transmit/receive mode

1 2

Transmit clock | I | I | l | l l | | I l |

Serial output data

[ )

Serial input data
latch timing

Figure 10 Serial Interface I/O Timing
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Transmit Clock Error Detection Exam- If more than 8 transmit clocks occur in the
ple: The serial interface functions abnormally transfer state, the state of the serial interface
when the transmit clock is disturbed by shifts as follows: transfer state, transmit clock
external noise. Transmit clock errors can be wait state, and transfer state. The serial
detected by the procedure shown in figure interrupt flag should be reset before entering
12. into the STS state by writing data to SMR.

This procedure sets the IFS again.

Clock + Transmit mode »
continuous |, * Receive mode STS waiting state
output mode + Transmit/receive Octal counter = 000 )
mode (Transmit clock disable Change PMRMNos!

Transmit clock

Transmit clock wait state Transfer state
8 transmit clocks,

STS instruction
(IFS+<1)

{Octal counter = 000) (Octal counter + 000)

Note: “Change PMR”™ means the operation
mode changes as shown in the boxes above.

Figure 11 Serial Interface Operation State

Transmit/receive
(IFS+1)

[
Interrupt
disable

l

IFS—0

|

Write tQ
SMR

Yes Transmit clock
error processing

No

Normal End

Figure 12 Transmit Clock Error Detection Example
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Timers

The MCU contains a prescaler and two timer/
counters (timer A, timser B). See figure 13. The
prescaler is an 11-bit binary counter, timer A
an 8-bit free-running timer, 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 initiai-
ized to $0000 by MCU reset, and it starts to
count up the system clock signal as soon as
the 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), 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

HD404019/HD4074019

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 initial-
ized according to the value of timer load
register B. If it is not selected, timer B goes to
$00. The timer B interrupt request flag (IFTB:
$002, bit 0) will be set at this overflow output.

Internal bus line {S1) l
Timer mode register B
14
TMB {4 bits)
;L 1@ bits) la
imer latch
b3 register
W, LI
CPTB TCB (8 bits) TBOF
> Timer B MPX Timer counter B IFT8
. Jals] BEEREEE Interrupt
i b B - TLR (8 bits) guest flag
WG i Timer load register B of timer B
System .
clock Prescaler (11 bits} 44 14
ool sl s s g l Internal bus line {S2) ]
g I el [d I B o] B
B3 RIS Y I
3 Interrupt
r reguest flag
of timer A
TMA (3 bits)
Timer mode register A

Figure 13 Timer/Counters Block Diagram
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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. Timer modse 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. Timer mode register B is initialized
to $0 by MCU reset.

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

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

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

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

PMR: $004

SMR: $005

SMR2|SMR1[SMRO

|PMR3|PMR2 PMR1|PMRO SMR3

—_——————
L_ Transmit clock selection

TMR: $008

R4,/SQ pin mode selection

R44/S! pin mode selection
R32/INTo pin mode selection

R3s/INT, pin mode selection

R40/SCK pin mode selection

TMB: $009

TMA2|TMA1TMAO T™MB3

TMB2|TMB1]TMBO|

—

Timer-A input clock selection

—_—

I

Timer-B input clock selection

Auto-reload function selection

Figure 14 Mode Register Configuration and Function
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Timer A Interrupt Request Flag (IFTA:
$001, Bit 2): The timer A interrupt request
flag is set by the overflow output of timer A
(table 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
the timer B interrupt request flag (table 16).

Table 11 Timer Mode Register A Table 13 Timer A Interrupt Request
Flag
TMA2 TMA1 TMAO Prescaler Divide Ratio
IFTA Interrupt Request
o] o] [0} + 2048
0 No
1 + 1024
0 0 0 1 Yes
o] 1 o] + 5612
0 ! ! +128 Table 14 Timer A Interrupt Mask
vt o0 o + 32 IMTA Interrupt Request
1 Y 1 +8 0 Enable
1 1 0 +4 1 Disable (Mask}
1 1 1 + 2
Table 16 Timer B Interrupt Request
Table 12 Timer Mode Register B Flag
TMB3 Auto-Reload Function IFTB Interrupt Request
o] No 0 No
1 Yes 1 Yes

Prescaler Divide Ratio,
TMB2 TMB1 TMBO Clock Input Source

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

1 0 (o] +8

1 0 1 + 4

1 1 (o} +2

e
-
pory

I—IVT—H (External event input)

Table 16 Timer B Interrupt Mask

IMTB Interrupt Request

0 Enable

1 Disable (Mask)
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Input/Output

The MCU has 58 I/0 pins, 32 standard and 26
high voltage. One of three circuit types can
be selected by the 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 Vusp line, the RA1/Vaisp pin
must be selected as Vuisp Via the mask option
when the option with pull-down MOS 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 With Pull-Up
MOS Standard Pins: In the standard pin
option with pull-up MOS, the circuit shown in
figure 15 is used to shorten the rise time of
the 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 the stop
mode, MOS (A), (B), and (C) turn off.

D Port; I/O port D has 16 discrete 1/0O pins,
each of which can be addressed indepen-
dently. It can be set/reset through the SED/
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RED and SEDD/REDD instructions, and can
be tested through the TD and TDD instruc-
tions. See tables 17 and 18 for the classifica-
tion of standard pin, high-voltage pin, and the
I/0 pin circuit types.

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

The R33, R33, Rdo, R4y, and R4; pins are multi-
plexed with the INTo,, INT;, SCK, SI, and SO
pins respectively. See tables 17 and 18 for the
clagsification of standard pins, high-voltage
pins and selectable circuit types of these I/0
pins.

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

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

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

R4¢/SCK and R4,/SO should be used as R4o
and R4 by the serial mode register and port
mode register, respectively.
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Table 17 I/0 Pin Circuit Types
Without Pull-Up MOS With Pull-Up MOS CMOS (C) Applicable
{NMOS Open Drain) (A)| (B) Pins
Do-Da
HLT Input Input H Input -
dapta ET—:D’_ data L data R30-R3y
Vee Write Vee R4¢-R43
/o £ —— pulse TR 3 0
Common — O— wHTT HLT R60-R53
Pins : ?Oﬂtl-put Output gutput R6g-R63
E data data *® | R70-R73
B R80-R83
g Vee
Input AT AT ol
Pins O_HLLIDD— Input HLT R9o-R93
data Input
data
Table 17 1/0 Pin Circuit Types (cont)
i - licabl
Without Pull Dow.n MOS With Pull-Down MOS (E) Applicable
{(PMOS Open Drain) (D) Ping
Vee Vee
F D4-Dss
1/0 utput
(H ROg-RO.
Common data R O—R1 3
Pins Veo . o
Viisp WD Input R20-R23
2 data
&
-
] HLT Input
S| Input AT Input v data "
£ Pins data ce 0
2
: Vd-so
Input ACT Input
pie O——o— i RA1
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Table 17 1/0 Pin Circuit Types (cont)

Without Pull-Up MOS (NMOS Open Drain) Applicable
With Pull-Up MOS (B
or CMOS (A or C) P ®) Pins
SCK SCK
LT HLT
Ve Vee [ Vec AT+
1/0 HLT +mode select mode select| SR (Note 2)
Common (Output mod
Pins : 1 utput mode
Internal SCK —
Internal SCK
2
E VCC Vcc Vcc
HLT ALT
% Output HLT
Pins SO
&
iNTo
INT,
input Input Input
Pr;p P data ? data sl
ns HLT HLT SCK
(Input mode)

Notes: 1. In the stop mode, HLT is O, HLT is 1 and |/O pins are in high impedance.
2. If the MCU is interrupted by the serial interface in the external clock input mode, the SCK
terminal becomes input only.
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Table 18 Data Input from Common Input/Output Pins
1/0 Pin Circuit Type Input Possible Input Pin State
Standard pins CMOS No —

Without pull-up MOS

{NMOS open drain} Yes !

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

{(PMOS open drain)

With puill-down MOS Yes [0}

’ \ Write pulse
MQOS (B) {Output

Puli-up MQS (C) P instruction)
i =1 B

O NMOS (A)
I_Q Data

MOS On-Resistance Value

Buffer

A Approximately 250 0

B Approximately 1 kQ

o] Approximately 30 kQ to 160 kQ
Mc=5V)

1 instruction cycle

Output instruction execution

Write pulse

Figure 15 Output Circuit Operation of With Pull-Up MOS Standard Pins
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Reset

Pulling 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

HITACHI/ (MCU/MPU) —

two instruction cycles are required for the
MCU to be reset.

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

Table 19 Initial Values After MCU Reset

Initial Value by
Items MCU Reset Contents
Program counter (PC) $0000 Execute 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
i/O pins; Standard pins -(A) Without pulup 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

pins down MOS
{E) With pull- 0 Enable to input
down MOS
Interrupt flag  Interrupt enable flag {IE) 0 Inhibit ali 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 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/counter Prescaler $000 —
Timer counter A (TCA) $00 —
Timer counter B (TCB} $00 —
Timer load register (TLR) $00 —
Octal counter 000 —

256




blIE D EE 4496204 0035082 8L5 EEHIT3

_ HITACHI/ (mcusmpu)

HD404019/HD4074019

Table 19 Initial Values After MCU Reset (cont)

After MCU reset to recover

After MCU reset to recover

Item from stop mode from other modes
Carry flag (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.
It is necessary to initialize them by It is necessary to initialize them by
B register (B) software. software.
W register w)
X/SPX register {X/SPX)
Y/SPY register {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

Figure 16 outlines the internal oscillator cir-
cuit. A crystal oscillator or ceramic filter oscil-

HITACHI/ (MCU/MPU)

lator can be selected as the oscillator type.
Refer to table 20 to select the oscillator type.
In addition, see figure 17 for the layout of the
crystal or ceramic filter.

0SC

T 7

0sC2

Oscillator
1/4 Timing
divider generator System
circuit circuit clock

Figure 16 Internal Oscillator Circuit

\“‘5\
0SC:

0SC»
TEST{ ]
RESET[ ]

Figure 17 Layout of Crystal and Ceramic Filter

258




blE D NN 449L204 0D35084 L35 EEHIT3I
HITACHI/ (MCU/MPU) HD404019/HD4074019

Table 20 Examples of Oscillator Circuits

Circuit Configuration Circuit Constants
External Clock Oscillator
Operation e
Open—0SC.
Ceramic Filter Ceramic filter
Oscillator ¢ CSA4.00MG
. Jl 0SC, {Murata)
Ceramic é;.R Ri: 1 M + 20%
filter (J:‘z T‘:JE)SC Cy 30 pF £ 20%
o 2 Cx 30 pF + 20%
GND
Crystal Oscillator . osco Ri: 1 MQ + 20%
Crystal [ SR, C1: 10-22 pF * 20%
w11 osc, Cz 10-22 pF * 20%
Lid Crystal: Equivalent circuit shown at
GND bottom left
AT-cut parallelt | Cq 7 pF max.
resonance crysta RS 100 Q max.
03C1-{ L C;Rs +=0SC; f: 1.0-4.5 MHz
Co

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

When using the resonator, consult with the crystal or ceramic filter maker to determine the
circuit parameters.

2. Wiring among 0SC,, OSC;, and other elements should be as short as possible, and avoid
crossing other wires. Refer to the recommended layout of the crystal and ceramic filter.
Refer to figure 17.
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Operating Modes

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

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

HITACHI/ (mMCu/mpPU)

standby mode, the oscillator circuit is active,
and the interrupts, timer/counters, and 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

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

RAM Retained Retained

Input/output pins RetainediNote 2)

High impedance

Timer/counters, serial Active Stopped
interface
Cancellation method RESET input, interrupt request RESET input

Notes:
of flags and registers.

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

2. When 1/0 circuits are active, an /0 current may flow in the standby mode, depending on
the state of the /0 pins. This is an additional current added to the standby mode current

dissipation.
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Standby mode may be cancelled by inputting
RESET or by asserting an interrupt request.
In the former case the MCU is reset. In the
later case, the MCU becomes active and exe-
cutes the next instruction following the SBY
instruction. If the interrupt enable flag is 1
when an interrupt request asserted, the
interrupt is executed, while if it is 0, the
interrupt request is put on hold and normal
instruction execution continues.

Figure 19 shows the flowchart of the standby
mode.

Stop Mode: Executing the STOP instruction

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

The stop mode may be cancelled by resetting
the MCU. At this time, as shown in figure 20,
reset input must be applied for at least tgc for
oscillation to be stabilized. (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
registers, Y/SPY registers, carry flag, and
serial data register will not retain their con-
tents.

Standby

Figure 18 MCU Operation Mode Transition
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Standby

Oscillator: Active
Peripheral Clocks:
Active

All Other Clocks:
Stop

HITACHI/ (MCU/MPU)

Restart
Restart processor clocks

processor clocks

Execute .
next instruction
(Active Mode}

Yes

¥
Execut
r Reset MCU I [ |:51$5cet:ion J rAccept Interrupt J

Figure 19 MCU Operating Flowchart in Standby Mode

| Stop mode
o j

:

RESET f ! L_____
T ‘ tres |
STOP instruction execution tyes = trc (Stabilization time)

Figure 20 Timing of Stop Mode Cancellation
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PROM Mode Pin Description

Table 22 and figure 21 describe the pin func-
tions in PROM mode.

Table 22 PROM Mode Signals

Pin Number MCU Mode PROM Mode Pin Number MCU Mode PROM Mode
DC-64S, DC-64S,
DP-64S FP-64B FP-64A Symbol I/0 Symbel 1/0 DP-84S FP-648 FP-64A Symbol 1/0 Symbol 1/0
1 59 57 D11 /0 Ve 33 27 25  R4/SCK 1/O Oa 1/0
2 60 58 Dy /O 34 28 26 R4:/Sl 1/0 Os 1/0
3 61 59 D1z I/O 35 29 27 R42/SO 1/0 Op I/0
4 62 60 Dis I/O 36 30 28 R4z 1/O Oy 1/0
5 63 61 D15 i/0 37 31 29 R70 1/O CE |
6 64 62 ROc 1I/O A, I 38 32 30 R71 1/0 OE I
7 1 63 ROy  1/O Az I 39 33 31 R72  1/O
8 2 64 ROz  1/O As | 40 34 32 R73 1/O O4 1/0
9 3 1 RO3  I/O A4 | 41 35 33 R8 I/0 O3 1/0
10 4 2 Rio 1I/O As | 42 36 34 R8; I/0 O, I/0
1 5 3 R1:  I/0 Ae i 43 37 35 R8; I/0 Oy 1/0
12 6 a4 R12 /O A7 ] 44 38 36 R83 1/O Oo /0
13 7 5 Rla  I/O Ag ] 45 39 37 R9% | Ve
14 8 6 R2,  I/O Ag I 46 40 38 RO | A ]
15 9 7 R2, 170 Ajo I 47 41 39 R9; I Mo |
16 10 8 R22  I/O Ay 1 48 42 40 ROz | My !
17 1 9 R23  1/0 Az | 49 43 a1 RESET |  RESET |
18 12 10 RAs | Vee 50 44 42 TEST |  TEST |
19 13 11 RA, 51 45 43  0sC; |
20 14 12 R3 I/0 Az | 52 46 44  0sC,
Y 15 13 R31 /O A 1 53 47 a5 GND GND
22 16 14 Hsz/m /0 54 48 46 Do 1/0 Qg 1/0
23 17 15 myT. 1/0 55 49 47 Dy I/0 0, I/0
2a 18 16  Rby /0 56 50 48 D, /0 0, 1/0
75 ra— RS, 1/0 57 51 49 D3 I/0 03 1/0
26 20 18 Rs;, 1/O 58 52 50 Ds VO
27 21 19 R5; /O 59 53 51 Ds 1O o
28 22 20 R6, /0 60 54 52 Ds VO
29 PrEY R6; /0 61 55 53 D7 1/0
30 24 22  Ré; I/0 62 56 54 Ds 10
31 26 23 Ré;  1/0 63 57 55 Ds /O
32 26 24 Ve Vee 64 58 56 Do 1O Vic
Notes: 1. 1/0: Input/output pins

I: Input pins

O: Output pins
2. Connect each pair of Oa, O3, 02, 01, and Oo. Hitachi supplies the socket adapter on which
these pairs are internally connected.
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Vsr (Program Voltage): Vee is the input for
the program voltage (12.6 V +0.3 V) for pro-
gramming the PROM.

CE (Chip Enable): CE is the input for allow-
ing programming and verification of the
internal PROM.

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

HITACHI/ (MCU/MPU)

Ao—A. (Address Bus): Ao to A are
address input pins for the internal PROM.

00—07 (PROM Data Bus): O to O; are the
data bus pins for the internal PROM.

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

No pin name: Leave open

e irwwr s Wt

332238883828
1 st 03
2 so[ _]O,
3 4[]0y
4 48[ 10
8 «7[_]GND
6 u:
7 ]
B u:ﬁ
8 43 RESET
o FP-64B “%W
" u[ M,
12 0[] Ag
13 39 ] Vep
14 38[_] 0o
15 a7 |Gy
16 35%01
17 3s[ ] 03
18 34 ]0a
19 33:

Veet &4 ] Vec
Ez s3]
3 82
O« &1 g
[ {] eo[] Az
A,Es sa[] Ag|
Az]7 ss[] As
Ase 5703 As
AC)e 561102 As
Ag[TJ1o 851 Oy A
As]11 68410 A7
A2 s3[ JGND 9
::['_:__13 52% AAo
14 51 10
A5 DP-64S so[J TEST Ay
Ay Ele DC-648 49{ ) RESET Ay
A7 M, Vee
VCCE L] ’"gMo
19 48] Ag
Azl 450 Vep ;A\:::
A2 «[3G
22 3]0,
s 421710,
Clze 41[J0;
Cas 4[]0,
Clee ]
[om }Y) 38 10E
s 37[JCE
[ ) 3807
an 35 ggs
at 34 s
Vec a2 33[J04

(Top view)

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 to 24).
The PROM mode is set by pulling TEST, Mo,
and M; low, and RESET high as shown in
figure 22. In PROM mode, the MCU does not
operate. It can be programmed like a stan-
dard 27256 EPROM using a standard PROM
programmer and a 64-to-28-pin socket
adapter. Table 24 lists the recommended
PROM programmers and socket adapters.

Since the instructions of the HMCS400 series
consists of 10 bits, the HMCS400-series
microcomputer incorporates a conversion
circuit used as a general-purpose PROM pro-
grammer. By this circuit, an instruction is read
or programmed using 2 addresses, the low-
order 5 bits and the high-order § bits as
shown in figure 23. For example, if 8 Kwords
of an 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 programmed at high-
speed 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 the Precautions
and PROM Reliability After Programing sec-
tions.

Erasing

PROMs with ceramic window packages can
be erased by ultraviolet light. All erased bits
become lIs.

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

Precautions

1. Addresses $0000 to $7FFF should be
specified if the PROM is programmed by a
PROM programmer. Note that the plastic
package type cannot be erased and re-
programmed.

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

2. Make sure that the PROM programmer,
s?cket 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
Vep = 12,56 V. Other PROMS use 21 V. If 21
V is applied to the HD4074019, the LSI
may be permanently damaged. 12.5 V is
the voltage for Vep of Intel's 27256.
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Vee
Vee f
T— ReseT Vo
TEST

| 3l

Data
nr 0010 07 [ 5 ",

R9sNVee g to A [T o0
14

GND

’

Figure 22 PROM Mode Function Diagram

$0000 1, 1 1 Bjt4  Bit3, K Bit2 Bit1 BitO |lLower 5bits } N JMPL instruction | $0000
$0001 1. 1, 1 Bto  Bit8 Bt/ Bit6  Bit5 | Upper5bits | 5000 {jump to reset routine) 7 56001
JMPL instruction $0002
Vector address (jump to INT, routine) | so003
$001F $000F | JMPL instruction | 50004
$0020 $0010 {jump to INT; routine) "1 s000s
»  Zero-page subroutine | JMPL instruction | s0006
(64 words) {jump to timer A routine) | soo07
| JMPL instruction _| s0008
$007F $O03F {jump to timer B routine) | sooos
$0080 $0040 $D00A
> Pattern $0008
(4096 words) | JMPL instruction | so0oc
{jump to serial routine) | sopop
$1eFF |V SOFFF $000E
$2000 $1000 $O00F
\ Program
{16384 words)
S7FFF N L . N . s $3FFF
[ ———
Not used.

(Setto 111)

Figure 23 PROM Mode Memory Map
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Table 23 PROM Mode Selection

Pin
Mode CE OF Ve Oo-0
Programming Low High Vpp Data input
Verify High Low Vpp Data output
Programmin: : ; High
inmibiied |0 High High  Vee im%edance

Table 24 Recommended PROM Programmers and Socket Adapters

PROM Programmer (Note} Package Socket Adapter
Maker Type name Type Maker Type name
DATA /0 280 DP-64S Hitachi HS409ESS11H
201 DC-64S
29B +UniPak2B FP-64B HS409ESFO1H
S22 FP-64A HS409ESHO1H
AVAL DATA PKW-1000 DP-64S Hitachi HS409ESS21H
Corp. PKW-1100 DC-64S
PKW-1600 FP-64B HS409ESFO1H
PKW-3100 FP-64A HS409ESHO1H

Note: Since the address pins of the HD4074019 are high voltage pins, errors may occur in device
insertion tests if a PROM programmer other than those listed above is used.

Set programming and verification modes
Vpp=12.5£ 0.3V, Vc=6.0£0.25V

{ Program tpy = 1 ms * 5% ]

8 ‘Address + 1 — Address ]

Program topw = 3n ms

@

Set read mode
Vec =501t 0.5V, Vpp=Vcc * 0.6V

All address
read ?

Figure 24 PROM Programming
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Programming Electrical Characteristics for HD4074019
Write and Verify Mode

DC Characteristics
(Vee =6V £0.25 V, Vpp = 125 V £0.3 V, Vss = 0 V, T, = 25'C £56°C, unless otherwise

specified)
Item Pins Symbol Min Typ Max Unit Test Condition
Input high voltage 09-07, Ap-A1a, OE, CE Vi 2.2 Vec+0.3  V
input low voltage 0¢-07, Ap-A14, OE,CE Wi -0.3 0.8 \Y
Qutput high voltage  Oo-07 Vor 2.4 \" lon =—200 xA
Output low voltage Qp-07 VoL 0.4 \ lo,.=1.6 mA
Input leakage current Op-O7, Ao-A1a, OE, CE |l | 2 A Vip=5.25V/Q.5V
Vcc current lcc 30 mA
Vpp current Ipp 40 mA

AC Characteristics
(Vec =6V £0.25 V, Vep = 125 V 0.3 V, Tu = 26°'C £5°C, unless otherwise specified)

Item Symbol Min Typ Max Unit Test Condition

Address setup time tas 2 HS See figure 25;

— Input pulse level:

OE setup time toes 2 us 0.8to2.2V;
Input rise/fall

Data setup time tos 2 uS time < 20 ns;
Input timing

Address hold time tAH 0 us reference level:
1.0V, 20V

Data hold time toH 2 us Output timing
reference level:

Qutput disable delay time toF 130 ns 0o.8v,20V

Vpp setup time tvps 2 us

Program pulse width trw 0.95 1.0 1.05 ms

CE pulse width when overprogramming topw 2.85 78.75 ms

Vcc setup time tvcs 2 us

Data output delay time toE 0 500 ns
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Program Verify ,
Address ¥ —
tas I.t_At'd
Data Data in: Stable Data out: Valid
tps ton tor

tew toEs toe

Figure 26 PROM Programming/Verification Timing
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Read Mode

DC Characteristics
(Vec = 5 V £10%, Vep = Vec ¥0.6 V, Ta = 26°C *+5°C, unless otherwise specified)

Item Symbol Min Typ Max Unit Test Condition
Input leakage current I 1 kA Vee = 5.5V, Vin = GND to Vcc
Output leakage current loL 1 uA Veg = 5.5 V, Vour = GND to Vec
Program current lpp 1 100 nA Vpp = Vgc + 0.6 V
Current dissipation lec 30 mA f=1MHz, lou = O MA
active mode
Input voltage ViL -0.3 0.8 \%
ViH 2.2 Vee+0.3V
Output voltage VoL 0.40 v loo = 1.6 mA
VoH 2.4 A lon = —200 xA

AC Characteristics
(Vec = 5 V £10%, Vep = Voc £0.6 V, To = 25°C +5°C, unless otherwise specified)

Item Symbol Min Max Unit Test Condition
Access time tacc 500 ns CE=0E =W
CE output delay time tee 500 ns OFE = Wi,
OE output delay time toe 10 150 ns CE = Vi,
Output disable delay time* tor 0 105 ns CE=Vu
Data output hold time toH 0 ns CE = OE = W,

* Tor is defined when the output becomes an open state and cannot be referenced.
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Switching characteristics:
Input pulse level: 0.8 to 2.2 v Output load: 1 TTL Gate + 100 pF

Input rise/fall time < 20ns Input/output timing reference level: Output: 1V, 2V

Input: 0.8V, 2v
: ' N
Address ><
N 7\

g~

toe—w- ha— tpF —om

tace fett- 10041

Data Out ////)l Data out: Valid 1
QY reom e

Figure 26 PROM Read Timing
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Precautions on PROM Program-
ming

Principles of PROM Programming/
Erasing

The ZTAT™ microcomputer has the same
type of memory cells as the EPROM. The
PROM is programmed by applying a high
voltage to the control gate and drain to inject
hot electrons into the floating gate similar to
EPROM programming. The electrons in the
floating gate remain stabilized, surrounded
by an energy barrier of SiO; film. By these
electrons, the threshold voltage in the mem-
ory cell changes and the corresponding bit
goes to 0.

The hot electrons are reduced over time. This
reduction is caused by:

1. Ultraviolet light: The electrons are dis-
charged by ultraviolet light (according to
the erasure principle)

2. Heat: The electrons, which are excited by
heat, are discharged

3. Application of high voltage: The number of
electrons is reduced due to the high volt-
age which is applied to the control gate
and drain

If there is any failure in the oxide film, the
charge is markedly reduced; however, in
general, such a reduction does not occur,
since devices which fail are usually excluded

during screening tests.

When the memory cell does not have any hot
electrons in the floating gate, the corre-
sponding bit goes to 1.

PROM Programming

PROM programming should be performed
under specified voltage and timing condi-
tions. The higher the program voltage (Vep)
and the longer the program pulse width
(tew), the more electrons will be injected into
the memory cell. If an overvoltage is applied,
a pn junction may be permanently damaged.
It is especially important to be aware of
overshooting in the PROM writer. Moreover,
negative voltage noise causes a parasitic
transistor effect, which can reduce the
apparent breakdown voltage.

During PROM programming, the ZTAT™

microcomputer is electrically connected with

the PROM writer via the socket adapter. The
user should ensure the following precautions:

1. Confirm that the socket adapter is firmly
connected to the PROM writer before
beginning PROM programming.

2. Do not touch the socket adapter and the
LSI during programming; this can cause
faulty contacts, resulting in programming
orrors.

Control gate

Floating gate

[T
s°”’°§ SESSSeS / Drain
N+ N+

Programming {O)

Source

t
Si0, Control gate

Floating gate

/ Drain

&

N

Erasing (1)

Figure 27 Cross-Sections of a EPROM Memory Cell
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PROM Reliability after Programming

In general, semiconductor devices retain
their reliability, if initial failures can be re-
jected. Imitial failures can be rejected by
adequate screening. Baking the device under
high-temperature conditions is a screening
method which eliminates initial short-time
data hold failures in the memory cell. (See the
Principles of PROM Programming/Erasing
section). ZTAT™ microcomputer devices
realize good reliability because they have
been subjected to such screening during the
wafer fabrication process. It is recommended
that the user expose the device to 150°C at
one atmosphere after programming in order
to verify device performance.

Figure 28 shows the recommended screening
procedure.

Window-Type Package Precautions

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

Electrostatic charge buildup on the window
is a fundamental cause of malfunctions. Pre-
ventive measures are the' same as those for
preventing electrostatic breakdown:

1. Operators should be grounded when
handling equipment.

2. Do not rub the glass window with plastics.

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

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

Ultraviolet Shading Label: If the LSI is
exposed to fluorescent light or sunlight, its
memory contents may be erased by the small
quantity of ultraviolet light in these sources.
In strong light, the MCU may fail under the
influence of photocurrent. To prevent these
problems, it is recommended that the device
be used with an ultraviolet shading label
covering the erasure window after pro-
gramming.

Special labels are sold for this purpose. They
contain metal to absorb ultraviolet light.
When choosing a label, note the following:

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

Pragramming and
verification

Exposure at high temperature
without applying any power
160°C £10°C, 48 h +8 h*

-0h

Reading confirmation
Vecc =4.5Vor55Vv

+ Exposure time is the period starting from
when the temperature in the baking furnace
reaches 150°C.

Figure 28 Recommended Screening
Procedure

Note: If programming errors occur se-
quentially during PROM programming, the
user should suspend programming and
determine whether there is any trouble with
the PROM writer or the socket adapter when
using the window-package type EPROM. If
programming verification indicates errors in
programming or after high-temperature
exposure, please inform Hitachi of the trou-
ble.
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is preferable than replacing a label. 3. Moisture resistance: The allowable mois-
ture range and environmental conditions
2. Allowable temperature range: The allow- of the label should be noted. It is difficult
able environmental temperature range of to find an appropriate label applicable to
the label should be noted. If it is used all conditions. The proper label should be
under conditions outside this range, the selected according to the intended use of
paste may harden or adhere to the label, the MCU.

causing the paste to remain on the win-
dow when the label is removed.
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Addressing Modes
RAM Addressing Modes

As shown in figure 29, 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 kinds of ROM addressing
modes as shown in figure 30.

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 (PC13 to PCp) 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 (PC; to PCg) with
8-bit immediate data.

When the BR instruction is on a page bound-
ary (266n + 255) (figure 31), executing it
transfers the PC contents to the next page,
due to the hardware architecture. Conse-
quently, 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 PCq) and Os are
placedin the high-order eight bits (PC13to PCq).

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 32). When bit 8 in the
referenced ROM data is 1, 8 bits of ROM data
are written into the accumulator and B regis-
ter. When bit 9 is 1, 8 bits of ROM data are
written into the R1 and R2 port output regis-
ters. When both bits 8 and 9 are 1, ROM data
are written into the accumulator and B regis-
ters, and also to the R1 and R2 port output
registers 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

Wi |Wo | Xa X2 | Xe{Xo] Ya] Y2 ] Y1 | Yo

RAM address | APs| APg| AP | APs | APs|[ AP4 [ AP3 | AP2| APy | APo

Register Indirect Addressing

Instruction 1st word {nstruction 2nd word

Opcode do [ ds | d7 | ds | ds | da | da | d2 | d+ | do

RAM address | ap, | APs | AP, | APs | APs | AP | AP | AP2 | APy | APo

Direct Addressing

Instruction

Opcode mztmz|m [mo

RAM address | APs| APs| AP, | APs| APs | APs| AP3| AP2| APt | AP,

Memory Register Addressing

Figure 29 RAM Addressing Modes
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(JMPL)
(BRL)
(CALL) Instruction 1st word Instruction 2nd word
L : :Opci'ode: : lps:pzlm'po ds:da:d7:de:d5|d4'd3:dz:d1:do

TII T I T ITTd

¥ T L] L} L4 T T
Program counter |‘PC13IF'C12‘PC11.F'C1ol PCslPCs , PCy lPCG . PCsl PCa PC3 , PCz PCy . PCo |
Direct Addressing
Instruction
P Y

T T T T T T v

(BR)| Opcode | b; be bslb4 bz bz bi bo
i L

R

T
Program counter [PCwlPCuIPCanCw| PCg' PCs ) PC; IF’CelPCs IPC4 ,PCa ) F’Cz‘ PCy . PCo]

Current Page Addressing

Instruction
e —

T T T T Y T

(CAL) :Opc:odel |as.a‘. a & ar @
b d vy e vl T Pl

Program counter [PC1aPC12 PC11 PC1o PCs PCs PCy PCe PCs PCs4 PC3 PCz PCy PCo
L i 1 L 1 1 1 X 1 | 1 i

)
Zero Page Addressing

Instruction

-~

L] L)

I p3 , P2 P p°l B register Accumulator
1 L L r N
¥ T ¥ T ¥ T

[Balale1lBolA3 Az Ay Aol

b JTIJ1 1111

T T T

PC13IPC12 PC11PC1o PCs PCs PC7 PCs PCs PCs PC3 PC2 PC1|PC0J
L 1 1 1 1 1 1 1 1 ] 1

—
L v T ¥
(TB R)L Opcode
i 1 1 1

Program counter

Table Data Addressing

Figure 30 ROM Addressing Modes
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N\

256(n—1) + 255

[:‘ BR AAA 256n
AAA NOP

-l BR AAA 256n + 254
~—— BR BBB 256n + 255

256(n + 1)
Ll BB NOP

TN

Figure 31 BR Instruction Branch Destination on a Page Boundary

Instruction

(P) Opcode |p3 pz P o B register Accumulator

1 i 1 L 1

5 5 B B | A e A Ao
LTI TTTITT

Referred ROM address |RA13 RA1z RA,;RA1cRAs RAs RA; RAs RAs RAs RAs RAz RA: RAo
e 1 | L 1 1 i Il i 1 i 1 1

Address Designation

T T T

T T L] T T T
ROM data [RO&) ROs .R07|R061R051 F(O-:l RO3 . ROleO1‘ROol
T S A

Accumulator, B register | g4 le B: Bo| As Az A1 Ao If ROs=1
1 1 [ I 1

%

T 1 T
ROM data RO9 ROs R07 ROs ROs ROA ROs ROz R0| HOO

&++{$+IL

Output registers R1, R2 [st R22 R21 R20|R13 Riz R11 R1o If ROs=1

Pattern

Figure 32 P Instruction
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HITACHI/ (MCU/MPU) HD404019/HD4074019

Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply voltage Vee -0.3t0 +7.0 \"
Programming voltage Vpp -0.31t0 +14 \% 13
Pin voltage Vr -0.3t0 Vgc + 0.3 \") 3
Ve — 45 to Ve + 0.3 \% a4
Total permissible input current Slo 50 mA 5
Maximum input current lo 15 mA 7,8
Maximum output current ~ly 4 mA 9,10
6 mA 9,11
30 mA 9,12
Total permissible output current —Zlo 150 mA 6
Operating temperature Topr —-20to0 +75 °C
Storage temperature Tstg —-565t0 +125 °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. If these condi-
tions are exceeded, it may cause a malfunction or affect the reliability of the LS.

2. All voltages are with respect to GND.

3. Standard pins.

4. High voltage pins.

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

6. Total permissible output current is the total sum of the output currents which flow out from
Vee to all /0 pins simultaneousty.

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 Vcc to each 1/0
pin.

10.Do-D3 and R3-R8.

11.RO-R2.

12.D4-Dss.

13.Applied to HD4074019.
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HD404019/HD4074019 HITACHI/ (MCU/MPU)

HDA404019 Electrical Characteristics

DC Characteristics
(Vec =3.5Vto6V,GND =0V, Vagp = Vecc — 40 V to Ve, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symboil  Pin Min Max Unit Test Condition Note
Input high ViH RESET, SCK, 0.8V¢c Vee + 0.3V
voltage INTo, INT

Si 0.7Vee Vee + 0.3 \

0SC, Vee - 0.5 Vee + 0.3 v
Input low ViL RESET, SCK, -0.3 0.2Vce v
voltage INTo, INT

Si -0.3 0.3Vcc v

0SCy -0.3 0.5 v
Output high Vou SCK, Vee — 1.0 v —loy = 1.0 mA
voltage SO

Vee - 0.5 v —loH = 0.6 mA

Output low VoL SCK, 0.4 A lo = 1.6 mA
voltage SO
Input/output | jy | RESET, SCK, 1 #A Vin = 0V to Ve 1
feakage INTg, INTY,
current Sl, so,

0sCy
Current Icc Vee 8.0 mA Voo = 5 V; 2,5
dissipation in fosc = 4 MHz
active mode divide by 4
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HITACHI/ (MCU/MPUW)

HD404019/HD4074019

HD404019 Electrical Characteristics

DC Characteristics
(Voc =35V 106V, GND = 0 V, Vaep = Vec — 40 V to Vg, Ta = —20°C to +75°C, unless
otherwise specified) (cont)

Item Symbol Pin Min Max Unit Test Condition Note
Current IsByY Vee 2.0 mA Vec =5V 3.5
dissipation in fosc = 4 MHz

standby mode divide by 4

Current IsTOP Ve 10 KA VinfTesn) = Vec -~ 0.3Vto 4
dissipation in Vee: Vin(reser) = O V to

stop mode 0.3v

Stop mode VsTopP Vee 2 v

retaining voltage

Notes: 1.

Excluding pull-up MOS current and output buffer current.

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

* MCU in reset state, operation mode
- RESET, TEST: Vcc

» Do-D3, R3-R9: V¢

+ Da-D1s, RO-R2, RAo, RA1: Vuisp

. 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: Ve

* D4-D1s, RO-R2, RAo, RA:: Vaisp

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

Max. value at x MHz = x/4 x (max. value at 4 MHz)
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HD404019/HD4074019

HITACHI/ (MCU/NMPU) —

Input/Output Characteristics for Standard Pins
(Vec =35V to6V, GND = 0 V, Vai, =Voc — 40 V to Vee, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Note
G W RR oM weronv
e e PR e odw v

Eg:ﬁg’ Vee - 0.5 v —low = 0.5 mA 1
—— e o0V aorem
P P emovewe 2
Dt e Mm% w4 woswweov

Notes: 1. Applied to I/0 pins selected as CMOS output by mask option.
2. Pull-up MOS current and output buffer current are excluded.
3. Applied to I/0O pins selected as with pull-up MOS by mask option.
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HD404019/HD4074019

HITACHI/ (MCU/MPU)

Input/Output Characteristics for High Voltage Pins
(Vec = 3.5V to 6 V, GND = 0 V, Vaup =Vec — 40 V to Vec, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Typ Max Unit Test Condition Note
Input high Vi D4-D1s,  0.7Vee Vec +03 V
voltage RO, Rt, R2,
RAg, RA¢
Input low Vic D4-D1s,  Vce — 40 0.3Vge V
voltage RO, R1, R2,
RAp, RA;
Output high Vou D4-D15  Vec - 3.0 v —lor=15 mA,Vgg = 5V +20%
voltage
Vee - 2.0 v —lon=10 mA,Vec = 5V £20%
Vec - 1.0 v =lon= 4 mA
RO-R2  vg¢ - 3.0 v ~lon = 3 A, Ve = 5V +20%
Vec - 2.0 \'s ~lon = 2mA, Vgc =5V £20%
Vec - 1.0 \4 —loy = 0.8 mA
Output low VoL D4-Pis, Vee - 37 vV Vdisp = Vec — 40V
voltage RO-R2
D4-Dys, Vec - 37 v 150 kQ at Ve — 40 V
RO-R2
Input/output i D4-Di1s, 20 uA Vin = Vec — 40 Vo Voo
leakage RO-R2,
current RAg. RA,
Pull-down MOS Iq D4-D1s, 125 900 A Vdisp = Vec — 35 V,
current RO-R2, Vin = Ve
RAp, RA{

1. Applied to |/0 pins selected as with pull-up MOS by mask option.
2. Applied to /0 pins selected as without pull-up MOS (PMOS open drain) by mask option.
3. Pull-up MOS current and output buffer current are excluded.

Notes:
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HD404019/HD4074019 HITACHI/ C(MCU/MPU)

AC Characteristics
(Vec = 3.6 Vto 6 V, GND = 0 V, Vg, =Voc — 40 V to Vee, Ta = —20°C to +75°C, unless
otherwise specified)

Test
em Symbol Pin Min Typ Max Unit Condition Note
Oscillation fosc 0SCy, OSC2 0.2 4 4.5 MHz Divide by 4
frequency
Instruction cycle toye 0.89 1 20 “s
time
Oscillator  stabiliza- tge 0SC4, 0SC2 20 ms 1
tion time
External clock 1CPH, 0SCy 92 ns Divide by 4 2
high and low tepL
widths
External clock rise tep, 0SC; 20 ns 2
time
External clock fall teps 0SC, 20 ns 2
time
INTo high width tioH iNTo 2 toye 3
I_N—To low width tioL |N—TO 2 teve 3
ﬁﬁ\ high width tH m—f1 2 teye 3
IN_T1 low width L 'N_Tl 2 Teye 3
RESET high width  tgrgTH RESET 2 teye 4
Input capacitance  C;, All pins 30 pF f =1 MHz,

Vip =0V

RESET fall time tRSTE 20 ms 4

Notes: 1. The osciliator stabilization time is the period from when Vcc reaches its minimum allowable
voltage (3.5 V) at power-on until when the oscillator stabilizes, or after RESET goes high
by MCU reset to quit the stop mode. At power-on or recovering from stop mode, apply the
RESET input for more than trc to meet the necessary time for oscillator stabilization. When
using a crystal or ceramic filter oscillator, consult with the crystal oscillator maker since the
oscillator stabilization time depends on the circuit constant and stray capacitance. (See
figure 33.)

. See figure 34.

. See figure 35.

. See figure 36.

HWN
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HITACHI/ (NCU/MPU) HD404019/HD4074019

Serial Interface Timing Characteristics

(Voc =35V to6V,GND = 0V, Vuipg = Ve — 40 V to Ve, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Max Unit Test Condition Note

Transmit clock cycle time tseye SCK 1 teye 1,2
(Output)

Transmit clock high and tSCKH- SCK 0.4 teye 1,2

low widths tsckL {Qutput)

Transmit clock rise and tscKre SCK 40 ns 1,2

fall times tsCKf {Output)

Transmit clock cycle time tseye SCK 1 toye 1
{Input)

Transmit clock high and tSCKH, SCK 0.4 teye 1

low widths tscKL {Input)

Transmit clock completion tSCKHD SCK 1 teye 1,3

detect time ({lnput)

Transmit clock rise and tSCKrs SCK 40 ns 1

fall times tscks (Input)

Serial output data delay time  tpgo ple] 300 ns 1,2

Serial input data setup time tss) Sl 100 ns 1

Serial input data hold time tHs) Sl 200 ns 1

Notes: 1. See figure 37.
2. See figure 38.
3. Transmit clock completion detect time is the high level period after 8 puises of transmit
clock are inputted. The SCI interrupt request flag is not set when the next transmit clock
is input before the transmit clock completion detect time has passed.
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HD404019/HD4074019 HITACHI/ (mcu/smpy)

HD4074019 Electrical Characteristics

DC Characteristics
{(Vec = 5 V +10%, GND = 0 V, Vap = Vec — 40 V to Vee, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Max Unit  Test Condition Note
input high ViK RESET, 5CK,  0.8Vec Vec +03  V
voitage INTo, INTy

0S¢y Vec - 0.5 Vee + 0.3 \Y

S| 0.7Vee Vec + 0.3 v
Input low Vie RESET, SCK,  —0.3 0.2Vee v
voltage INTp, INTy

0SC, -0.3 0.5 \"

St -0.3 0.3Vee \
Output high Vo SCK, Voo - 1.0 \% —logn=1.0 mA
voltage SO

Vee — 0.5 v ~lon=0.5 mA

Output low VoL SCK, 0.4 v loL=1.6 mA
voltage SO
Input/output  {iy | RESET, 5CK, 1 #A Vin = 0V to Vce 1
leakage INTg, INT,,
current 0SC;, SI, SO
Current lee Vee 8.0 mA Vee =5V; 2,86
dissipation in fosc = 4 MHz
active mode divide by 4
Current IsBy Vee 2.0 mA Vec=5V; 3,6
dissipation in fosc = 4 MHz
standby mode divide by 4
Current IsTOP Vee 10 A Vin(Tesh = Ve - 0.3V1o 4
dissipation in Vee: Vin(resem =0V to
stop mode 03V
Stop mode VsToP Vee 2 v
retaining voltage

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

2. The MCU is in the reset state. Input/output current does not flow.
- MCU in reset state, operation mode
« RESET, TEST: Vcc
» Do-D3, R3-R9: Vcc
+ D4-D1s, RO-R2, RAo, RA1: Vaisp

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: Ve
» Do-D3, R3-R9: Vcc
+ Da-D1s, RO-R2, RAg, RA1: Viisp
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HITACHI/ (MCU/MPY) HD404019/HD4074019

Notes for DC Characteristics (cont)
4. Excluding pull-down MOS current.
5. When fosc = x MHz, estimate the current dissipation as follows:
Max. value at x MHz = x/4 X (max. value at 4 MHz)

Input/Output Characteristics for Standard Pins
(Vee = 5V £10%, GND = 0 V, Vaup, = Vec — 40 V to Vee, Ta = —20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Max Unit Test Condition
Input high ViH Do-Da, 0.7Vee Vee + 0.3 \
voltage R3-R9
Input low ViL Do-D3. -0.3 0.3Vee \%
voltage R3-R9
Output low Vo Do-D3, 0.4 v loL = 1.6 mA
voltage R3-R8
Input/output I Do-Da, 1 KA Vin = OV to Vee
leakage current* R3-R8,R91-R93

R9¢ 20 uA

* Puli-up MOS current and output buffer current are excluded.

Input/Output Characteristics for High Voltage Pins
(Vec =6V +10%, GND = 0 V, Vaup = Vec — 40 V to Vec, Ta = —~20°C to +75°C, unless
otherwise specified)

Item Symbol Pin Min Max Unit Test Condition
Input high ViH D4-D1s, 0.7Vce Vec+03 V
voltage RO. R1, R2,
RAg, RA,
Input low ViL D4-Dys. Ve — 40 0.3V¢e A
voltage RO, R1, R2,
RAg, RA,
Output high VoH D4-Dis Vee - 3.0 v —lon = 15mA, Vgc = 6V
voltage
Vee — 2.0 A\ —lon=10mA, Vcc = 6V
Vec - 1.0 \" —loy = 4 mA, Vee =5V
RO-R2 Vee — 3.0 v ~lon =3 mA, Vcc =6V
Vec - 2.0 v —lon =2 mA, Vgc =BV
Vee - 1.0 v ~lon = 0.8 mA, Ve = 5V
Output low VoL D4-Dis, Vee - 37 V 150 ka at Ve — 40
voltage RO-R2
Input/output I D4-D1g, 20 #A Vin = Vec — 40V, Ve
leakage RO-R2,
current* RAg. RA,

* Pull-down MOS current and output buffer current are excluded.
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HD404019/HD4074019

HITACHI/ (MCU/MPU)

AC Characteristics
(Vec = 5 V £10%, GND = 0 V, Vap = Vec — 40 V to Vec, Ta = —20°C to +76°C, unless
otherwige specified)

Test
item Symbol Pin Min Typ Max Unit Condition Note
Oscillation frequency  fogc 0SCy, 0SC3 0.2 4 4.5 MHz Divide by 4
Instruction cycle teye 0.89 1 20 us Divide by 4
time
Oscillator stabiliza- tpc 0SCy, OSC2 20 ms 1
tion time
External clock tCPH. 0SCq 92 ns Divide by 4 2
high and low tepL
widths
External clock rise tcpr 0SCy 20 ns 2
time
External clock fall teps 0SCy 20 ns 2
time
INTo high width  tign INTo 2 teye 3
INTg low width toL INTg 2 toye 3
INT high width K INT, 2 toye 3
I—N—T1 low width L ﬁ1 2 teye 3
RESET high width  tggrH RESET 2 toye 4
Input capacitance  Cj, Al pins except RSp 30 pF f =1 MHz,
Vin=0V
R9g 180 pF
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 tsc to meet
the necessary time for oscillator stabilization. Since tac 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. {See figure 33.)

. See figure 34.

. See figure 35.

. See figure 36.

BN
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HITACHI/ (MCU/MPU) HD404019/HD4074019

Serial Interface Timing Characteristics

{Voec = 5 V£10%, GND = 0 V, Vaup = Voc — 40 V to Vece, Ta = —20°C to +75°C, unless
otherwise specified)

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

Transmit clock tSCKH, SCK 0.4 teye 1,2
high and low tsekt {Output)

widths

Transmit clock tsckr, SCK 40 ns 1,2
rise and fall times tscke {Output)

Transmit clock tseye SCK 1 teye 1
cycle time (Input)

Transmit clock tSCKH, SCK 0.4 teye 1
high and low tsckL {Input)

widths

Transmit clock tSCKHD SCK 1 toye 1,3
completion {Input)

detect time

Transmit clock tsckr, SCK 40 ns 1
rise and fail times tseks (Input)

Serial output data tpso SO 200 ns 1,2
delay time )

Serial input data tss| SI 200 ns 1
setup time

Serial input data tHst Si 100 ns 1
hold time

Notes: 1. See figure 37.
2. See figure 38,
3. Transmit clock completion detect time is the high level period after 8 pulses of transmit
clock are inputted. The SCI interrupt request flag is not set when the next transmit clock
is input before transmit clock completion detect time has passed.
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HITACHI/ (MCU/MP
HD404019/HD4074019 HPL)
Crystal oscillator Ceramic filter oscillator
o osc S
Crystal <’lIR ! Ceramic [ L1 1 OSCy
Cz2 ?" ] ‘OSC filter (o SR
i L 0scC.
w = * =2
GND GND
Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA 4.00 MG (Murata)
R 1TMQE20% R 1MQ +20%
Cy:22pF £ 20% Cy:30pF £ 20%
Cy:22pF £ 20% C,:30pF £ 20%
Figure 33 Oscillator Circuit
e——1 fp ——»
Vee—0.5 V4 1
0SCs n—tcpu—d‘n—tcm
0.5V y
| — -
teer tepe

Figure 34 Oscillator Timing

tion, tn tioL, the

Figure 35 Interrupt Timing

RESET

Figure 36 Reset Timing
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HITACHI/ (MCU/MPU)

HD404019/HD4074019

e tee
tscke fe— tser
SCK Vee—2.0V (0.8Vee) * S—
1.
0.8V(0.2Vee) X ;4‘- s Z tsckHp
toso
S0 Vec—2.0V
k0.8Vv
St

“Note: Vce—2.0V and 0.8 V are the threshold voltages for transmit clock output.
0.8Vcc and 0.2V are the threshold voltages for transmit clock input.

—_

Figure 37 Timing of Serial Interface

Vee
R =2.6kQ
Test
point
1520740
Cc or equivalent
30pF 12kQ
Figure 38 Timing Load Circuit
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HD404019/HD4074019 HITACHI/ (MCU/MPU)

HD404019

Mask Option List Date of order
Customer
Dept.
Name

ROM code name

LS| type number
{Hitachi’s entry)

1. 1/0 Option Note: /O options masked by B are not available.
4 1/0 Option I/0 Option
Pin Input/Output Pin Input/Output
A|B|C|DIE A|lB|C|D}E
Do 2| Input/Output R30 Input/Qutput
D1 % Input/Output R34 Input/Qutput
D2 % Input/Output R3 R3:2 Input/Output
D3 % Input/Output R3s3 Input/Output
Da Input/Output R4, Input/Output
Ds Input/Output R4 R4, Input/Qutput
Ds Input/OQutput R4z Input/Output
D7 « | Input/Output R43 Input/Output
Ds E Input/Output R5¢ Input/Output
Dy g’ Input/Output RS RS54 Input/Output
Do g Input/Qutput R52 Input/Output
Dy 5 | Input/Output R53 Input/Output
D12 T Input/Output R6o | w | Input/Output
D13 Input/Output R6 R6 'EJE Input/Output
Dia Input/Output R62 é Input/Output
D1s Input/Output R63 § Input/Output
R70 @ Input/Qutput
R7 R7,4 Input/Output
ROo Input/Qutput R72 Input/Output
RO RO, Input/Output R73 Input/Output
RO2 Input/Output R8¢ input/Output
RO3 @ Input/Output R8 R84 Input/Qutput
R1g | & | Input/Output A8, Input/Qutput
R1 R14 E’ Input/Output R83 Input/Output
R12 g Input/Output R9o Input
R13| 5 | Input/Output R9q Input
R2o T Input/Output R R93 Input
R2 R24 Ir.1put/0utput R93 Input
R2; Input/Output RA RAo ég,: Input _ ;
R23 Input/Output RA1 |T8" Input on RA Mo
% Please write O under applicable items for I/O option selections.
A: Without pull-up MOS (NMOS open drain) B: With pull-up MOS
C: CMOS (not be used as input)
D- Without pull-down MOS (PMOS open drain) E: With puli-down MOS
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HITACHI/ (mcu/mpu) HD404019/HD4074019
2. RA Voo 3. Package
R/ Naso Package
O RA;: Without pull-down MOS (D} [J DP-64S (shrink package)
0 Ve O FP-648
* Please check off applicable items by W, X, or (O FP-64A

V.

* Please check off applicable items by B, X, or
V.

Note: The RA1/Viisp pin has to be selected as Vuisp even if one high voltage pin is specified as “E”.
4. Divider (DIV) 5. ROM code media
Clock divide ratio ROM code media
W Divide by 4 [0 EPROM: Emulator type
[J EPROM: On-package microcomputer
type
Checklist of Application

A. Oscillator (CPG option)

B. Voltage applied to high voltage pins

CPG [ Ceramic filter
option
J Crystal

O External clock

* Please check off applicable items by B, X, or
V.

Vdisp = Vgc - I: \

* Please insert value in box.
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