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Description

The puPD75316 family of high-performance 4-bit single
chip CMOS microcontrollers includes the following
devices:

uPD75304 uPD75306 uPD75308
1PD75312 UPD75316 uPD75P308
UPD75P316A

The 75316 family features an on-chip LCD controller
and driver with up to 16K bytes of ROM and 1024 nibbles
of RAM. The instruction set operates on 1-, 4-, and 8-bit
data.

Timing is generated by two oscillators. The main oscil-
lator normally drives the CPU and most peripherals.
The 32.768-kHz subsystem oscillator provides time
keeping when the main oscillator is turned off. Since
CMOS power dissipation is proportional to clock rate,
the 75316 family provides a software selectable instruc-
tion cycle time from 0.95 usec to 122 usec. The STOP
and HALT modes turn off parts of the microcontroller
for additional power savings. The data retention mode
retains RAM contents down to 2.0 V.

Features

O LCD controller/driver for up to 128 segments
— 32 segment lines
— Four common lines
— Static, 1/2 or 1/3 bias
— LCD resistor ladder available on ROM versions
O Subsystem oscillator allows watch timer and LCD
to operate in power-down modes
O 8-bit synchronized serial interface
— Full-duplex, three-wire mode
— Half-duplex, two-wire mode
— NEC serial bus interface (SBI) mode

O Timers: three channels
— 8-bit timer/event counter
— 8-bit interval timer
— Watch (clock) timer: 0.5-sec interrupt request

0 32 1/O lines
— Eight input-only lines
— 16 bidirectional I/O lines
— Eight 10-volt n-channel, open-drain i/O lines
— Direct LED drive from 12 lines
— 31 software selectable pullup resistors
— Eight mask selectable resistors (ROM versions
only)

O Bit sequential buffer
— 16-bit, bit addressable memory

0 Standard 75X instruction set
— 4-bit arithmetic and logic
— 4- and 8-bit transfer instructions

O Minimum instruction execution times
—0.95, 1.91, and 15.3 us using 4.19-MHz main
system clock
— 122 us selectable using 32.768-kHz subsystem
clock

O Eight 4-bit registers
— Usable as four 8-bit registers

0 Memory-mapped on-chip peripherals

O Vectored interrupt controller
— 12 edge detect inputs
— Five vectored interrupts

0 CMOS power saving and battery operation
— Normal operating mode; 2.5 mA typical at 5 V
— HALT mode; 0.5 mA typical
— STOP mode; 0.1 pA typical
— Data retention down to 2 volts

O Operating voltage ranges
— ROM and 75P316A OTP/EPROM version; Vpp
from 27 to 6.0 V
— 75P308 (standard OTP/EPROM]); Vpp =

5V £5%
Internal High-Capacity ROM and RAM
75304 75306 75308 75312 75316 75P308 75P316A
ROM 4K bytes 6K bytes 8K bytes 12K bytes 16K bytes - -
PROM — — — — — 8K bytes 16K bytes
RAM 512 nibbles 512 nibbles 512 nibbles 512 nibbles 512 nibbles 512 nibbles 1024 nibbles
50244-2 [
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Ordering Information

Part Number Quality Grade ROM Package Type Package Drawing
pPD75304GF-0xx-389 Standard Mask 80-pin plastic QFP P8OGF-80-3B9-1
uPD75304GF (A)-xxx-3B9 Special
uPD75306GF-0x-3B9 Standard
uPD75306GF (A)-xxx-3B9 Special
UPD75308GF-xxx-3B9 Standard
uPD75308GF (A)-xxx-3B9 Special
uPD75312GF-xxx-3B9 Standard
UPD75312GF (A)-xxx-3B8 Special
uPD75316GF-xxx-3B9 Standard
pPD75316GF (A)-xxx-3B9 Special
uPD75P308GF Standard oTP 80-pin plastic QFP PBOGF-80-3B9-1
uPD75P308K Standard EPROM 80-pin ceramic LCC with window X8OKW-8CA
uPD75P316GF {Note 3) Standard oTP 80-pin plastic QFP P8OGF-80-3B9-1
HUPD75P316AGF Standard Low- 80-pin plastic QFP QFP P80GF-80-389-1
voltage
OoTP
pPD75P316AK Standard Low- 80-pin ceramic LCC with window X80OKW-80A
voltage
EPROM
Notes:

(1) Engineering samples are supplied in an 80-pin ceramic QFP.
(2) xxx indicates ROM code.
(3) This part has been superseded by the /PD75P316AGF

Device Grades

The devices in the uPD75316 family are available in
standard or special quality grades. Special grade de-
vices have the symbol (A) embedded in the part num-
ber, a uPD75308GF is a standard grade device and a
uPD75308GF (A) is a special grade device. The selection
of the correct grade depends upon the application.

B Lu427525 0052L74 074 HN

Differences Between Special and Standard
Quality Grades

Special Standard
Applications Automotive and Computers, office
transportation equipment,
equipment, traffic communications, test
control systems, anti- and measurement,
disaster systems, anti- machine tools,
crime systems industrial robots,
audio and visual
equipment, other
consumer products.
LED direct No Yes
drive
Absolute Differences in low-level and high-level output
maximum current; refer to Electrical Specifications.
ratings
DC Differences in low-voltage outputs; refer to

characteristics  Electrical Specifications.
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Pin Configurations

80-Pin Plastic QFP or Ceramic LCC

N © O
e BL eS8 nBEEREE
ooonoaoonoonooaaonn
SRRREELEIRRIREBEES8
s2ij1 O 84 [1 P7g/KR4
s130 2 63 [J P83/KR3
s1ads 62 [J Pe2/KR2
s1504 &1 [ Pe1 /KA1
stel]s 60 [ Pea/KRO
s170e 59 [Ixz2
s1807 ss PIx1
st9lds 57 [INCorVpp~
s200s 56 {1 xT2
s21010 56 [ xT1
s220] 11 54 B vobp
s2312 53 [J Pag/MD3+
s24/8Pg [] 13 52 [ P32 MD27T
$25/8P¢ [] 14 51 [1 P31/SYNC/MD1T
s26/BPo [ 15 50 3 P3p/LCDCLMDOT
s27/8P3 ] 16 ag {1 P23/muz
s28/8P4 ] 17 48 [0 p22/PCL
s2a/8Pg ] 18 47 O P29
S00/BPg [ 19 46 [J P20/PTO0
s31/8P7 O 20 45 O P13/TI0
COMo [ 21 44 [J P12/INT2
CcOoM1 ] 22 43 [ P14/INT1
com2] 23 42 1 P1g/INTO
coMaza 41 {1Po3/5/SB1
REIZIB8R33IBEISBAQ
R R e AR,
2888737 LLLLLEg
>35> 35 58
gE §,
* Pin 57 18 Vpp In the programmable package. Connect this pin to V pp In the uPD7SP308/P316/P318A.
+ MDG-MD3 are used as the programming mode selection pins on the pPD75P308/P316/P316A during EPROM and OTP programming and verification.
49NR-5628 (2/94)
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Pin Identification

Symbol Function Symbol Function
BIAS LCD power bias output Vict LCD drive level 1
BPy/S24 1-bit output ports BPg - BP7; Vicz LCD drive level 2
BP4/S25 LCD segments $24-S31 . .
BP,/S26 X1, X2 Main clock inputs
BPy/S27 XT1, XT2 Subsystem clock inputs
BPy/S28 V Positive power supply
BPs/S29 DD
BPg/S30 Vgs Ground
BP,/S31
COMO0-COM3 LCD commeon output 0-3 PIN FUNCTIONS
NC/Vpp No connection (programming pin for JE—
pPD75P308A) P0y/INT4, P04/SCK, P0,/SO/SB0, P03/SI/SB1. These
POG/INT4 Port 0 input; interrupt 4 pins can be used as 4-bit input port 0. PO, can also be
PO /SR Port© nput serial olock used for vectored interrupt 4, which interrupts on either
1 put the leading edge or the trailing edge of the signal.
P0,/SO/SBO Port O input; serial out; serial bus interface 0 PO, - PO; may also be used for the serial interface inthe
POg/SI/SBt Port 0 input; serial in; serial bus interface 1 SBI or the 2- or 3-wire modes.
P1o/iNTO Port 1 input; interrupt 0 Slisthe serial input, SO is the serial output, and SCK is
P14/INT1 Port 1 input; interrupt 1 the serial clock. SBO and SB1 are the NEC serial bus
P1/INT2 Port 1 input; interrupt 2 i(;\tferfz[ace prilns 0 agc! 1. Reseé causes these pins to
PigyTIO Port 1 input; timer O input efault to the port 0 input mode.
P2¢/PTOg Port 2 J/O; timer/event counter output P1o/INTO, P1 1/|NT1 » P12/INT2, P13/T10. These pins can
P ——— be used as 4-bit input port 1. P1g and P14 can also be
1 used for edge-triggered interrupts INTO and INT1. P1,
P2,/PCL Port 2 1/O; programmable clock output can be used for INT2, which is also an edge-triggered
P2y/BUZ Port 2 |/O; buzzer output input, but one that generates an Interrupt request but
P3¢/LCDCL/MDO  Port 3 I/O; LCD clock output ; programming does not cause a vectored interrupt.
mode select 0 (PD75P30BA) P13 can be used as an input clock to the timer/event
P34/SYNC/MD1 Port 3 |/O; LCD SYNC output; programming counter to count external events. Reset causes all Pl
mode select 1 (PD75P308A) pins to default to the port 1 input mode.
P3,/MD2 Port 3 I/O; programming mode select 2 .
% rDysPa0on T mede sele P2o/PTOq, P24, P2,/PCL, P24/BUZ. These pins can be
- used as 4-bit /O port 2. When used as an output, the
Pay/MD3 Z°;B§;{,gnggramm'"g mode select 3 data is latched. When used as an input port, the port
ra P outputs are three-state. P2 can also be used as PTOy,
40-Pds Port 4 /O the output of the timer/event counter flip-flop (TOUT);
PSg - PS3 Port § /O P2, can be used as the output (PCL) for the clock
P6o/KRO Port 6 1/O; key scan input 0 generator; and P23 can be used to output square
P64 /KA1 Port 6 I/O; key scan input 1 waves for a bpzzer. Reset causes these pins to default
to the port 2 input mode.
P&y/KR2 Port 6 1/O; key scan input 2
P63/KR3 Port 6 1/O; key scan input 3
P7¢/KR4 Port 7 1/O; key scan input 4
P74/KR5 Port 7 1/0; key scan input 5
P7,/KR6 Port 7 I/O; key scan input 6
P74/KR7 Port 7 I/O; key scan input 7
RESET Reset input
S0-823 LCD segment output
Vico LCD drive level O
4

BB Ly2?525 0052676 940 M
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P3o/LCDCL/MDO, P34/SYNC/MD1, P3,/MD2,
P33/MD3. These pins are used for /O port 3. Each bitin
this port can be independently programmed to be
either an input or an output. This port has latched
outputs, and can directly drive LEDs. P3; and P3; can
also be used respectively as LCD clock and LCD sync
outputs.

P3p - P3; are used as the programming mode select
pins for the uPD75P308/P316A during EPROM/OTP pro-
gramming and verification. A reset signal causes this
port to default to the input mode.

P4y - P43, PS¢ - PS3. Port 4 and Port 5 are identical 4-bit
1/O ports, which can be combined to function as a
single 8-bit port. Latched outputs will directly drive
LEDs. Outputs are n-channe! open drain, and can
withstand up to 10 volts; pullup resistor mask options
are available for these ports. A reset signal causes
these ports to default to the input mode at a high
impedance or to a high level if a pullup resistor is
present.

P6y/KR0, P61/KR1, P62/KR2, P63/KR3 P7¢/KR4, P74/
KRS, P7,/KR6, P73/KR7. Ports 6 and 7 are 4-bit 1/O
ports, which can be combined to function as a single
8-bit port. Outputs are latched. Each pin of port 6 can
be independently programmed to be either an input or
an output; port 7 can be programmed to be either all
inputs or all outputs. Alternately, these pins may be
used to detect the falling edge of inputs KRO - KR3 (port
6) and KR4 - KR7 (port 7). A reset signal causes these
ports to default to the input mode.

S0 - $23. These are the LCD segment drivers.

COMO0 - COMS3. These are the LCD common input driv-
ers.

BP¢/S24 - BP7/S31. These can be used either as eight
1-bit ports or as additional LCD segment drivers. When
used as segment outputs they are selectable in 4-bit
increments.

B tu27?525 0052L77 447 MR
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Vico - Vic2. These pins are used to set the drive levels
forthe LCD. Ifthe internal resistor ladder mask option is
selected (on the uPD7530x/31x only), these pins are
outputs; if the internal resistor ladder is not selected,
these pins are inputs to which an external resistor
network must be connected.

BIAS. This output is used in conjunction with the V| g -
Vic2 pins to set the LCD contrast level.

NC/Vpp. This pin may be left unconnected when using
the uPD7530x/31x. For the uPD75P308/P316A, the pin is
used as the programming voltage input during the
EPROM write/verify cycles. When the devices are not
being programmed, this pin should be connected to
Vpp. It must be connected to Vpp if the same circuit
board is to be used for both programmable and non-
programmable devices.

X1, X2. These pins are the main system clock inputs.
The input can be from a ceramic resonator or a crystal;
an external logic signal may also be used by applying
it to X1 and its inverse to X2.

XT1, XT2. These pins are the subsystem clock inputs.
The input can be from a ceramic resonator or a crystal;
an external logic signal may also be used by applying
it to XT1 with XT2 left open.

RESET. This is the reset input, and it is active low.
Vpp. The system positive power supply pin.
Vgs. System ground.
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Block Diagram; pPD75316 Family

Basic Q ‘
nterval K~
Timer ] Pont Ka prorts
Courier or | [5P®
INTBT
!
TI/P1g o—] Timer/Event P3g-P33/
erourzy Countr - Bank K= K& papomoay
{ o | pots K ragrag
General
e o> o
BUZ/P2g 04— oo <:> Program Memory Reagister <:>
T3 (The Memory size | pota K> PeoPes
varies depending
INTW fLcp RAM
e | e D biicey [ ron7 K& Proe7a
SUSB1/PO3 &~ oq Control 5124 bits
SO/SBOPO2 o<—  Serlal <::> 1024 x4bit  +—— :> 32 > 50-523
SCK/Ppy Ow»{ Interface (1PD75P316A) ——
7 S24/ERy-
INTCS! LcD S31/BP;
( rotor
rolla
INTOPlo u Dver [3, COMO-COMS
INT1/P14 o— T 1xf2 K51 Vico
INT2/P1p o—{ Interrupt <::> ficp —™ LCcovec2
INT4/PO Control System Clock [—»o0 BIAS
0 Clock Clock Generator stand By | CDCLPa
KRO-KRY/ output | oivider by CPU Clock & o L 0
Pgg-P63 Control Sub Main |—»0 SYNC/F3{
KR4-KR7/
P7o-P73
o ! Pl
Sequenclal <:> 1 1 I I
Buifer (16) B PCLIP2, XT1 XT2 X1 X2
Vpp Vss RESET NC/Vpp)
* Applles to PD75P308/P316A
VL5798 (#39)
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Product Comparison

item 75304 75306 75308 75P308 75312 75316 75P316 (Note) |75P316A

Program Mask ROM |Mask ROM  |Mask ROM |OTP; EPROM  |Mask ROM Mask ROM oTP OTP; EPROM

memory 000H-FFFH [0000H-177FH|0000H-1F7FH|0000H-1F7FH |0000H-2F7FH |0000H-3F7FH |0000H-3F7FH |0000H-3F7FR

4096 x 8 bits|6016 x 8 bits |8064 x 8 bits (8064 x 8 bits  |12,160 x 8 bits |16,256 x 8 bits |16,256 x 8 bits {16,256 x 8 bits

Data 512 x 4 bits 1024 x 4 bits

memory

3-byte No Yes Yes Yes Yes Yes Yes Yes

branch

instructions

Other Common to the products

instruction

set

Program 12-bit 13-bit 13-bit 13-bit 14-bit 14-bit 14-bit 14-bit

counter

Ports 4 and |Mask option |Mask option |Mask option |No Mask option Mask option No No

5 pullup

resistor

LCD Mask option {Mask option {Mask option |No Mask option Mask option No No

resistor

ladder

Vpp, PROM [No No No Yes No No Yes Yes

program-

ming pins

Operating |27t0 60V |27t0B6.0V |27 to 6.(‘3 V |5V 5% 27tc 6.0V 27to60V 5V £ 5% 27t060V

voltage

range

Package 80-pin plastic QFP 80-pin plastic 80-pin plastic QFP 80-pin plastic
QFP; 80-pin QFP; 80-pin
ceramic LCC ceramic LCC
with window with window

Note: The uPD75P316 has been superseded by the uPD75P316A.

CPU AND MEMORY ARCHITECTURE

The 75X architecture has two separate address spaces,
one for program memory (ROM) and another for data
memory (RAM).

Program Memory (ROM)

The ROM is addressed by the 12-, 13-, or 14-bit program
counter. The size of the program counter and the
amount of ROM present depend on which part is being
used. The ROM contains program object code, inter-
rupt vector table, a GETI instruction reference table,
and table data. Table data can be obtained using table
reference instruction MOVT.

Figure 1 is the program memory map for the 75316
family. It also shows the addressing range that can be
made using a branch instruction or subroutine call
instruction. In addition, the BR PCDE and BR PCXA
instructions can be used for a branch where only the
low 8 bits of the PC are changed.

B Luy27525 0052679 bL5T M

All locations in ROM except 0000H and 0001H can be
used as program memory. However, if interrupts or
GETI instructions are used, the locations correspond-
ing to those functions cannot be used. Addresses are
normally reserved as follows:

0000H and Vector address for RESET, and also

0001H contains the MBE bit.

0002H to Interrupt vector addresses. Each

000BH vector address contains an MBE bit
value. The interrupt service routines
can start from any location except
where noted above.

0020H to Table area for GETI instructions. The

007FH GETI instruction is used to access

one 2-byte/3-byte or two 1-byte
instructions using one byte of
program memory. This is useful in
compacting code.
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Figure 1. Program Memory Map

Address 7 (] [
0000H |[MBE! O |internal resot start address
(high order six bits)
Internal reset start addrass) CALLF
(low order eight bits) ! faddr
0002H |[MBE| 0 | INTBT/INT4 start address entry
{high order six bits) address
INTBT/INT4 start address
(low order aight bits) BRCB
0004H |MBE| 0 INTO start address ! caddr
(high order six bits) Instruction
branch
INTO start addrass address
{low order eight bits) (within
4 K
0006H [MBE| © INT1 start address K Block)
(high order six blts)
INT1 start addrass F:dla';
(low order elght bits) I
0008H |MBE| 0 INTCS! start address subroutine
(high order six bits) entry
INTCS! start address |
(low order eight bits) BR | addr
instruction
000AH |MBE| © INTTO start address branch
(high order six bits) address
INTTO start address
(iow order eight bits) R $adar
o o relative
N I branch
address
H GET! Instruction ref tabl st
007FH instruction reference L:] +210 +13)
O080H, | o
O7FFH T 4
0800H, || d, GETI
OFFFH | T Instruction
branch
1000H, | Jd
1 FFFHT T address,
2°°°H\L \L entry
9FFFF | T address
3ooot-|‘_|\ .l
SHFHT T
Program Memory Addressing Range
75304 O000H to OFFFH
753068 Q000H to 177FH
75308/P308 O000H to 1F7FH
75312 Q000H to 2F7FH
75316/P316A OODOH to 3F7FH
49NR-566A (6/94)
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Program Counter (PC)

This is a 12/13/14-bit binary counter that contains the
address of the current program memory location. The
UPD75304 contains a 12-bit PC; the 75306/308/P308
have a 13-bit PC; and the 75312/316/P316A have a 14-bit
PC.

When an instruction is executed, the PC is automati-
cally incremented by the number of bytes of the current
instruction. When a branch instruction (BR, BRCB) is
executed, the contents of the immediate data or regis-
ter pair indicating the new address are loaded into
some or all bits of the PC.

When a subroutine call instruction (CALL, CALLF) is
executed or an interrupt is generated, the PC is incre-
mented to point to the next instruction, and this infor-
mation is saved on the stack. During an interrupt, the
program status word (PSW) is also automatically
saved on the stack. The address to be jumped to by the
CALL or interrupt is then loaded into the PC.

When a return instruction (RET or RETS) is executed,
the contents of the stack are restored to the PC. When
a return instruction from interrupt (RETI) is executed,
the PC and the PSW are restored.

Data Memory (RAM)

The data memory contains three memory banks (0, 1,
and 15) in all devices except the uPD75P316A, which
contains five memory banks (0, 1, 2, 3, and 15). The RAM
memory maps are shown in figures 2 and 3. The
memory consists of general-purpose static RAM and
peripheral control registers.

The memory banks are accessed using MBE (memory
bank enable) and by programming the BS (bank select
register). if MBE = 0, the lower 128 nibbles of memory
bank 0 and the upper 128 nibbles of memory bank 15
are accessed. If MBE = 1, the upper four bits in the BS
register will specify the memory bank. The values are
OH for memory bank 0, 1H for memory bank 1, 2H for
memory bank 2, 3H for memory bank 3, and OFH for
memory bank 15.

Memory banks 0, 1, 2, and 3 each contain 256 nibbles.
Although the memory is organized in nibbles, the 75X
architecture allows the data to be manipulated in bytes,
nibbles, and individual bits.

The data memory is used for storing processed data,
general-purpose registers, and as a stack for subrou-
tine or interrupt service. The last 32 nibbles of bank 1
are used to store the LCD display data. If this areais not
completely used by the LCD, it may be used as general-
purpose RAM. Because of its static nature, the RAM will
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retain its data when CPU operation is stopped and the
chip is in the standby mode, provided Vpp is at least 2
volts.

There are eight 4-bit, general-purpose registers in bank
0 starting at location 00H (see figure 4). These registers
may also be used as four 8-bit registers, The on-chip
peripheral control registers and ports reside in the
upper 128 nibbles of bank 15. Bank 15 addresses not
assigned to a register are not available as random
memory except for the 16-bit sequential buffer. Also,
the lower 128 nibbles of bank 15 do not contain RAM.

Figure 3. uPD75P316A Data Memory Map

Figure 2. Data Memory Map (except uPD75P316A
rd
000H General
007H 8x4 purpose registers
oosH| ~— T 77
Bank 0 Stack
256 x4 area
OFFH
100H
General purpose
256x 4 static RAM
Bank 1 480 x4
iDFH| ]
1E0H 32x4 Display General purpose
1FFH X data memory static RAM
) £
F80H
Penpheral
Bank 15 128x4 hardware area
FFFH
49NR-567A (10/93)

Addressing Modes

The pyPD75316 family can address data memory and
ports as individual bits, nibbles, or bytes. These ad-
dressing modes are as follows:

1-bit direct data memory

4-bit immediate

4-bit direct data memory

4-bit register indirect (@rpa)

8-bit immediate

8-bit direct data memory

8-bit register indirect (@HL)

Bit manipulation

Stack addressing

Table 1 shows the data memory addressing modes and
table 2 shows the peripheral control register address-
ing. Figure 5 shows the data memory addressing
modes for the yuPD75316 family.

BN Lu2?525 0052kLA1 208 W

G00H Genaral
007H 8x4 purposa ragisters
008H
Bank 0 Stack
258x4 ansa
QFFH
100H
256x4
Bank 1
General purpose
OFH) _ _ ] static RAM
1E0R a2xa Display 1024 x 4
1FFH data memory
200H
Bank 2 256x4
2FFH
300H
Bank 3 256x4
Y SFFH
= by
F80H
Peripheral
Bank 15 128x4 hardware area
FFFH
83YL-9297A (10/93)
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Figure 4. General-Purpose Register

Configurations
Data Memory

Address g 0

000H A Register

001H X Reglster

002H L Register

003H H Reglster

004H E Reglster

00SH D Register

008H C Register

007H B Reglster
3 0 3 0
[ e s
3 0 3 0
L o e |
3 0 3 0
I M L |
3 0 3 0
[ +{ =+ ]

83CL-9231A

Table 1. Data Memory Addressing Modes

Addressing Mode Format How The Address is Formed
1-bit direct addressing  mem.bit If MBE = 0, the memory bank is bank 0 for addresses 00H-7FH and bank 15
for addresses 80H-FFH.
If MBE = 1, the memory bank is selected by the 4 bits of the MBS.
The bit to be manipulated is specified in mem.bit
4-bit direct addressing mem #f MBE = 0, the memory bank is bank 0 for addresses 00H-7FH,and bank 15

for addresses 80H-FFH.
If MBE = 1, the memory bank is selected by the 4 bits of the MBS,

The nibble to be manipulated is specified in mem.

8-bit direct addressing

mem (must be an even address)

If MBE = 0, the memory bank is bank O for addresses 00H-7FH and bank 15
for addresses 80H-FFH.

If MBE = 1, the memory bank is selected by the 4 bits of the MBS.
The byte to be manipulated is specified in mem.

4-bit register indirect
addressing

@HL The memory bank is selected by MBE and the 4 bits of the MBS. The location
within the memory bank is contained in register HL.

@DE The memory bank is always bank 0. The location within the memory bank is
contained in register DE.

@DL The memory bank is always bank 0. The location within the memory bank is

contained in register DL

8-bit register indirect
addressing

@HL (must be an even address)

The memory bank is selected by MBE and the 4 bits of the MBS. The location
within the memery bank is contained in register HL.

10
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Table 1. Data Memory Addressing Modes (cont)

Addressing Mode Format How The Address is Formed
Bit manipulation fmem.bit The memory bank is bank 15, and the location is fmem, where
addressing fmem = FBOH-FBFH for interrupts
fmem = FFOH-FFFH IfO ports
The actual bit is specified in fmem.bit
pmem.@L The memory location is always FCOH to FFFH and is independent of MBE and

MBS, The upper 10 address bits of the location are contained in the 10 high
order bits of pmem and the 2 lower address bits are contained in the 2 upper
bits of register L.

The bit to be manipulated is specified by the 2 lower bits of register L.
The memory bank is selected by MBE and the 4 bits of the MBS, and the
location within the memory bank is determined by the following:

The 4 upper bits are the contents of register H
The 4 lower bits are mem.

@H + mem.bit

The actual bit is specified in mem.bit.

Stack addressing

The memory bank is always bank 0. The location is indicated by the stack

pointer (SP)

MBE Memory bank enable bit

MBS Memory bank select register

mem Location within a memory bank
mem.bit Bit at a specified memory location

fmem and pmem

Specialized cases of mem

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003

Table 2. On-Chip Peripheral Addressing Modes
Manipulation Addressing Mode Applicable Hardware
1-bit With MBE = 0 (or MBE = 1 and MBS = 15), direct addressing All hardware where bit manipulation can be
with peripheral address specified in mem.bit performed
Direct addressing regardless of the setting of MBE and MBS with ISTO, MBE
peripheral address specified in fmem.bit IExxx, IRQoxx, PORTN.x
Indirect addressing regardiess of the setting of MBE and MBS BSBn.x
with peripheral address specified in pmem. @L PORTn.x
4-bit With MBE = 0 (or MBE = 1 and MBS = 15), direct addressing All hardware where 4-bit manipulation can be
with peripheral address specified in mem.bit performed
With MBE = 1 and MBS = 15, register indirect addressing
with peripheral address specified in HL
8-bit With MBE = 0 (or MBE = 1 and MBS = 15), direct addressing All hardware where 8-bit manipulation can be
with peripheral address specified in mem; mem must be an even performed
address
With MBE = 1 and MBS = 15, register indirect addressing with
peripheral address specified in HL; L register must contain an even
number
"
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Figure 5. Data Memory Organization and Addressing Modes

Addressing Modes
Data Memory Data Memory mem @HL @DE {Stack fmem. bit | PTEM:
Address Type mem. bit @H + mem. bit @DL  |addressing : eL
MBE=0 | MBE=1 | MBE=0 | MBE=1 X X X X
O00H 7
Generalpurpose /
ragisters /

77
e % %

07FH | Static RAM i

080H | (memorybank0) - "j}"% %
.

I NN N
4] I — NN NN

Memory MBS =1

1FEH (memory bank 1) N N
2 o man Y, 7

L’MBS = 27 MBS =2
{memory bank 2)
BELCIE 7///< /

( bank 3) K =
aFFH |} o N\\\: \\\
400H 1 1 1

Not Avallable 1 1 1 1

F7FH 1 1 1 1 1 1
FBOH
mHRF+———— — — —_——— —_———F——

Peripheral hardware
FBFH | (memory bank 15) _ _ mes=15|__ — _ ImBS=15{ _ _ _ |- —
FCOH
FROH-+———— — — -_— - -
FFFH )

X: MBE has no effect

*; For pPD75P316A only
MBE: Memory bank enable bit
MBS: Memory bank select register

83Y1.-9298B (10/a3)
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FUNCTIONAL DESCRIPTION

Input/Output Ports

The uPD75316 family has eight 4-bit ports; six are
input/output, two are input only. They also have eight
1-bit output ports. Figure 6 shows the structure of the
ports and table 3 lists the features. Figure 6 also shows

the structure of inputs and outputs of the other pins.

Software selectable internal pullup resistors are avail-

ableon ports 0, 1, 2, 3, 6, and 7. They are selectable in
4-bit units. Port 0, bit 0 does not have a pullup resistor.
Mask option, bit-selectable internal pullup resistors are
available for ports 4 and 5 of all mask ROM devices.

Table 3. Types and Features of Digital Ports

Port Function Operation and Features Remarks

Port O 4-bit input Can always be read or tested regardless of the  Pins also used for INT4, SCK, SO/SB0, SI/SB1.
Port 1 operation mode. Pins also used for INTO, INTH, INT2, Tlo.

Port 3 (Note 1) 4-bit input/output

Can be placed in input or output mode in 1-bit
units.

Pins also used for LCDCL, SYNC, and MD0-MD3
{Note 2)

Port 6 Pins also used for KRO - KR3.

Port 2 4-bit input/output  Can be placed in input or output mode in 4-bit  Port 2 pins are aiso used for PTOp, PCL, BUZ.
units. Ports 6 and 7 can be paired for data

Port7 Pins also used for KR4 - KR7.

input/output in 8-bit units.

Ports 4, 5 (Note 1)  4-bit input/output
(n-channel, open

drain, 10 volts)

Can be placed in input or output mode in 4-bit
units. Ports 4 and 5 can be paired for data
input/output in 8-bit units.

Internal pullup resistor can be specified in 1-bit
units by mask option. (uPD7530x/31x only)

Ports BPO-BP7 1-bit output

Data is output in 1-bit units. The BPO - BP7
pins are also used as LCD segment pins
S$24-831. BPO-BP7 and S24-831 can be
changed by software.

The drive capacity is very small. Used for CMOS
load drive.

Notes:
(1) These ports directly drive LEDs.

(2 Port 3 lines are also used for MDO - MD3 in uPD75P308/P316A.

BN Lu27?525 0052L&5 953 M
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Figure 6. Input/Output Circuits (Sheet 1 of 2)

Type A
(for Type E-B)

Vbb

Input

CMOS standard input buffer

Type B
{P0p, RESET)

input %—bﬂ——'

Schmutt tngger input with
hysteresis characteristic.

Type B-C
(P1p-P13)

Voo

Pull-Up Resistor

P-ch l—oq— Pull-Up Resistor Enable

Input
Type D
(For Type E-B, F-A)
VDD
) o =
Qutput
N-ch

Output Disable

Push-pull output where output can be placed in high
i Pand Nch Is are tumed off

Type E-B
(P2g-P23, P30-P33)
Voo

Pull-Up Resistor

Pult-Up Resistor Enable ———DO—“ P<ch

Data

Type D Input/Output

Types A :

Type F-A
(P01, P60 -PE3, P70-P73)

VoD

QOutput Disable

Puli-Up Resistor

Pull-Up Resistor Enable —Do—l P-ch

Data
Type D input/Output
Output Disable
Type B :
Type F-B
PO;
(P02) VDD

Pull-Up Resistor

Pull-Up Resistor Enable —D0—| P-ch

VDD
Output Disable (P)
P-ch
Data —o Input/Output
Output Disable N-ch
COutput Disable (N)

—g

49NR-5688
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Figure 6. Input/Output Circuits (Sheet 2 of 2)

Type G-A Type G-B
(S0-S23) (COMO-COM3)

P-ch
Output
N-ch
N-ch

|-

HFAE |

L
TiT

Vico

Vico

viet

Viet

Akl |

g
L L

I P-ch | N-ch

v v —0 Qutput
LC2
_L_L[_ Common Data = I—
N-ch | P-ch
_:L Vice II ; I[
Type G-C
(BPo-BP7) I i e
= _]_ -Ci
J_ P-ch
VoD Type M
(P4g-P43, P59-P53)
_L' P-ch VI?D
VLco Pull-Up Resistor
{Mask option not on
pPD75P308/P316/P316A)
—o Input/Output
viet I [ Data :D°_| i
! Output Disable ?110 3 v)
Segment Data/ |_|
Bit Port Data |_l
Vicz

A

VoD

P-ch L
Qutput
N-ch ‘—4—
Medium Voltage Input Buffer (+10 V)
Type M-C
N-ch

(PO3)
Pull-Up Resistor

Pull-Up Resistor Enable—Do—-I P-ch

+—o0 |nput/Qutput
Data N-ch
Qutput Disable

g

1

49NR-5698
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Clock Generator

The clock generator (figure 7) uses the crystal inputs
X1 and X2 as a time base to provide clocks for the
pPD75316 family. The generator consists of an oscilla-
tor, frequency dividers, multiplexers, and three control
registers (PCC, SCC, and CLOM). By programming
PCC and CLOM, frequencies derived from the crystal
are supplied to the CPU, interval timer, timer/event
counter, watch timer, serial interface, and output pin
PCL.

The PCC and SCC registers control the HALT and STOP
logic and can also be used to set the CPU to operate at
one of four speeds. The CLOM register controls the
PCL output clock.

The clock generator aiso contains a subsystem clock
consisting of an oscillator driven by an external crys-
tal. It operates at 32-35 kHz and can be used as a clock
source to the watch timer, LCD controller, and CPU.

Figure 7. Clock Generator
XT+4
= Sub fut
XTAL ‘Oscillator Watch Timer
XT2 Watch Timer: fx/27
Interval Timer: £/25, /27, /28, f/212
Timer/Event Counter: /24, fx/26, 28, 17210
[ Serlal Interface: &/23, /24, /28
x Main 1%
XTALCD Y Frequency Divider
T |, Secmater 12_1/a_1/8_1A6_1/6a
STOP
Multiplexer |———o P22/PCL
STOP
ENB __SEL
Logic N T
CPU Clock Muttiplexer
SEL 14 <]
Output {to CPU)
HALT HALT
Logic
fixt ——>| Multiplexer
PCC Registar I l SCC Register I l CLOM Reglster |
4 2 4
Intemala %
Data Bus
49NR-B45B (11/93)
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Basic Interval Timer

The basic interval timer (figure 8) provides continuous
real-time interrupts. It consists of a multiplexer, 8-bit
free-running counter, and 4-bit BTM control register.
Each time the counter reaches FFH it causes an inter-
rupt, overflows to O0H, and continues to count. The
BTM register selects one of four clock inputs to the
counter, clears the counter, and clears its interrupt
request. The counter can generate 250-ms interrupts
with a 4.19-MHz crystal; it also provides oscillator
stabilization time when the chip leaves the STOP mode.

Timer/Event Counter (TMO)

The timer/event counter (figure 9) consists of an 8-bit
modulo register, 8-bit comparator, 8-bit count register,
clock multiplexer, mode control register TMO, and a
TOUT flip-flop. Control logic allows the flip-flop signal
PTOq to be output to port 2, bit 0.

An 8-bit value is loaded into the modulo register and a
count register clock is selected by the clock multiplexer
via control register TMO. The count register is incre-
mented each time it receives a counter pulse (CP).
When the value in the count register is equal to the
count in the modulo register, the comparator gener-

Figure 8. Basic Interval Timer ates a signal. This signal toggles the TOUT flip-flop and
resets the count register to 00H. The count register will
) 1 continue to count up unless stopped. Each time the
125 —] TLEAR R comparator has a match, TOUT changes state and
7 interrupt IRQTO is generated. This signal can also be
/2! —> Mutti | _{ ] Overflow |->is |, Interrupt L
1729 —| ™ plexer Bt Bi interrupt | Request used as a clock for the serial interface.
12 Counter Request
W25 sqiect Start Flag
3
BTM e
Control
Register
4
Data Bus* e
48NR-643A (10/83)
Figure 9. Timer/Event Counter
internal b )
Data Bus
8 // 8
3
Mode Register Modulo Register
(TMO) (TMODO)
8
| Compwl TE/L!!T C&’;{: ) SN P2g/PTOg
8
TIo/P13
IRQTO
10 Count Register
/2 Clock (T0) L Serial Interface
/28 oo Multiplexer
fef26 ———mm >
&/24—————>
49NR-549B {10/03)

B L427525 0052649 579
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Watch Timer

The watch timer (figure 10) is normally the time source
for keeping track of time of day. With a 4.19-MHz
crystal, it will generate interrupt requests (not vectored
interrupts) at 0.5-second or 3.91-ms intervals.

The watch timer consists of an input clock multiplexer,
frequency divider, output multiplexer, control logic,
and control register WM. When a subsystem clock is
present, the timer can operate when the chip is in the
STOP mode. It is also a clock source for the LCD
controller and is capable of generating a 2-kHz buzzer
output signal.

Figure 10. Watch Timer

internal y
Data Bus
8
l WM Register I Poit 2
Logic
Control
togie. [ P23/BUZ
1 I 2.08 KHz
SEL CLEAR fy/24
27> 7>
2" nput Glock] " - fw2 Cutput |, Intermupt
Multiplexer Divider Multiplexer meq: 3!
> w214}
fw/28
‘—’ freo
{to LCD Controlier)
49NR-550A (10/93)
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Serial Interface

The 8-bit serial interface (figure 11) allows the
uPD75316 family to communicate with other NEC or
NEC-like serial interfaces. It consists of an 8-bit shift
register (S10), serial-out latch (SO), 8-bit address com-
parator, slave address register (SVA), control registers
CS8IM and SBIC, busy/acknowledge circuitry, bus
release/detect circuitry, serial clock counter, clock mul-
tiplexer, and clock control circuitry. The three-wire
interface consists of the serial data in (SI/SB1), serial
data out (SO/SBO0), and serial shift clock (SCK).

There are three modes of operation: 2-wire serial, 3-wire
serial, and 2-wire SBl. The simplest modes are the
2/3-wire serial. In these modes, the 8-bit shift register is
loaded with a byte of data and 8 clock pulses are
generated. These pulses shift data out the SO line and
data in from the Sl line, thus, communicating in full
duplex. Each time a byte of datais sent, a burst of eight
clock pulses is generated and eight bits of data wiil be
sent. Data may be sent either LSB or MSB first. The
interface may also be set to receive data only; in this
case SO is in the high-impedance state. One of four
internal clocks or an external clock may be used to
clock the data.

B L427525 0052690 210 HM
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Figure 11. Serial Interface Block Diagram

n L 13
DUsS
8 I8 8 Bit Bit
Manipulation Test
Control Seilal Imarfae-a—| 8-Bit Slave Address |Sertal Acknowledge Interface
Mode Reglster (CSIM) Reglster (SVA) Control Register (SBIC]
— L U .
8-Blt Address Signal  geLT
Comparator CMDT
PO3/SVSB1 SET CLR
s — La-an Shift Register (SIO) D soriat O
sessewuglil
1 Latch
% . /]
POA/SO/SB0 ]
— ACKT BSYE
o ACKE
e
Busy/
Acknowledge
Output Clrcult
Bus F /| RELD
Command/ | CMDD
Acknowledge | ACKD
Detection
Clrcutt
IRQCSI
— Serlal Clock
>| Contol |———1RQCSI
PoySOK Counter Circult
oPo‘ — !
Latn «— fxr23
Senal Clock Glock [T 12
L—{ Control ot l— 1y /28
Clreut Multplexer | touT F/e
External SCK
PAN
49NR-6588 (2/94)
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The SBI mode uses a 2-wire interface (figure 12) with
devices in a master/slave configuration. At any one
time, there is a single master, with all other devices
being slaves. The master can send addresses, com-
mands, and data over the bus. The slaves are able to
detect in hardware if their particular address has been
sent, and can also detect whether acommand or piece
of data has been sent. There can be as many as 256
slave addresses, 256 commands, and 256 data types.
All commands are user-defined, and it is possible to
send commands that change slaves into masters;
when this happens, the previous master becomes a
slave. This type of work is done in firmware, and the bus
can be as simple or complex as the user wishes.

Figure 12. SBl Mode Master/Slave Configuration
Master CPU Stave CPU
uPD753XX pPD753XX
(SB1), SBO SBO, (SB1)
Address 1
sCK SCK
Slave CPU
SBO, (SB1)
Address 2
SCK
o o
T T Stave IC
SBO, (SB1)
Address N
SCK
AONR-568A

20
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LCD Controller/Driver

The LCD controller/driver (figure 13) can be pro-
grammed to operate in any of four modes. It can
operate in the static mode (drive 32 segments), the
duplex mode (drive 64 segments), the triplex mode
(drive 96 segments), or quadruplex mode (drive 128
segments). The duplex mode uses 1/2 bias, the triplex
mode can use either 1/2 or 1/3 bias, and the quadruplex
mode uses 1/3 bias.

The LCD controller automatically refreshes the LCD by
taking data from the upper 32 nibbles of RAM in mem-
ory bank 1, and uses display data muiltiplexers, seg-
ment drivers S0-S831, and common drivers COMO -
COM3 to drive the LCD. It is controlled by registers
LCDM, LCDC, and PGMA. The LCD main controller
clock (f op) is provided by the watch timer The LCD
controller/driver can operate in the STOP mode as long
as the watch timer is clocked by the subsystem clock.

Drive levels can be set internally by ordering the resis-
tor ladder mask option onthe uPD7530x/31x mask ROM
devices. Otherwise, external resistors can be con-
nected to pins V| co - Vic2 and the BIAS pin. The BIAS
pin can be used to control the contrast of the LCD.

Bit Sequential Buffer

The 16-bit sequential buffer is the only general-purpose
RAM in the upper half of data memory bank 15. All other
locations in this bank either contain the on-chip periph-
eral control registers or are unused addresses,

The bit sequential buffer can be bit, nibble, or byte
manipulated. Its bits are addressed by register L and
they can be sequentially scanned by incrementing or
decrementing L.

A typical application for this buffer might be to store
data for the next serial output or to store data from a
serial input. It could also be used to store datathatisto
be sent from a port.
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Figure 13. LCD Controller Block Diagram

Internal y )
4 8

Displr:y Data 1FFH 1FEH «es 1ETH 1EOH HLCPstM R;.ecpc Port3 RZGMA

oMoyl 3210 | 3210 3210 (3210 legister gister gister

[ | 1
fLC[')—J —l

Display Data 3210 3210 3210 3210 Timing
Multiplexers b SEL[*—| cController

ENB ENB N\ LY ENB
Segment “es Common /Y LCD Drive
Drivers Voltages
$31/BP7  S30/BPs 81 S0 COMO comzl LCDCL/P3g SYNC/P3; BIAS Vico | Vicz
COM1 COM3 Vic

49NR-5608 {10/93)
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Interrupts

The pPD75316 family has a total of six interrupts (three
external and three internal) that share five interrupt
vectors. Refer to table 4 and figure 14.

Interrupts INTBT and INT4 share one interrupt vector
and the interrupt to be serviced is determined by
software in the interrupt service routine. In addition,
INT2 detects the rising edge inputs and generates an
interrupt request flag, which is testable. Inputs
KRO-KR7 will detect falling edges and generate the
same interrupt request flag as INT2.

Neither INT2 nor KRO-KR7 will cause a vectored inter-
rupt, but they can be used to release the standby mode.
Interrupt INTW also does not generate a vectored
interrupt but can be tested and used to release the
standby mode. All interrupts and interrupt requests
except INTO will release the standby mode.

Figure 14. Interrupt Controller Block Diagram
Internal
Data Bus = t
2 1 3
Interrupt Enable Flag
IIMleIM1||IMOI l..('E’°°°.. Me | | isTo
INTBT IRQBT | ;
Double Edge E I VRQn
INT4 /P00 I Detection Gircuit |" iRas L—D
. | Edge
INTo P10 —] 1 N0ise ! Girout [~] 1RG0 __ED
—»I Edge
INT4 /P11 D ion Circuit IRa1 L—D Vector
Priority Table
Control Address
INTCSI IRQCS! Gen
INTTO IRQTO | ’
INTW iIRQW | ’
Rising Edge
INT2/P12 I Detection Circuit | Selector +>| 1RG2 .L:Di
KRo/Pé0 Falling Edge
KR7 /P73 Detection Circuit
Standby
Release
] M2 Signal
49NR-5618
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Standby Modes

The three standby modes are described below and in
table 5.

HALT Mode. The HALT mode is entered by executing
the HALT instruction. In this mode, the clock to the CPU
is shut off (thus stopping the CPU), while all other
functions with the exception of INTO, remain fully op-
erational.

STOP Mode. The STOP mode is entered by executing
the STOP instruction. In this mode, the chip's main
system oscillator is shut off, thereby stopping all func-
tions except those which operate off the subsystem
clock. If the subsystem clock is used, it always remains
on.

The HALT and STOP modes are released by a RESET or
by any interrupt request except INTO.

Data Retention Mode. This mode may be entered
after entering the STOP mode. Here, supply voltage
Vpp may be lowered to 2 volts to further reduce power
consumption. The contents of the RAM and registers
are retained. This mode is released by first raising Vpp
to the proper operating range and then releasing the
STOP mode.

Reset

Refer to table 6 for the state of the device after reset.

Table 4. Interrupt Sources
Interrupt Internal/ Interrupt Priority Vectored Interrupt Request
Source Operation External (Note) Signal(Vector Table Address)
INTBT Reference time interval signal from basic Internal 1 VRQ1
interval timer (0002H)
INT4 Both rising and falling edge detection External
INTO Selection of rising or falling edge detection External 2 VRQ2
(0004H)
INTt Selection of rising or falling edge detection External 3 VRQ3
(0006H)
INTCSI Serial data transter end signal Internal 4 VRQ4
(0008H)
INTTO Coincidence signal between programmable Internal 5 VRQS5
timer/event counter count register and modulo (O00AH)
register
INT2 Rising edge detection of input to INT2 pin, or External Testable input signals
falling edge detection of any input to KRO-KR7 (can test if IRQ2 or IRQW is set)
INTW Signal from watch timer Internal

Note: The interrupt priority determines the priority order when two
or more interrupts are generated simultaneously.

Bl Luy2?525 0052695 4T W
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Table 5. Standby Mode Operation

Item STOP Mode HALT Mode

Method of setting standby mode STOP instruction by main clock or SCC register HALT instruction by main or subsystem clock
by subsystem clock

Clock oscillator Only the main system clock oscillator is Only CPU clock @ is stopped (oscillation of
stopped main and subsystem clock continues)

Basic interval timer Operation stopped Operational

Serial interface Operates only when external SCK input is Operational
selected for serial clock

Timer/event counter Operates only when TIO pin input is selected Operaticnal
for count clock

Watch timer Operates only when fxy is selected for count Operational
clock

LCD controller Operates only when fxt is selected by Operational
the watch timer

External interrupts INT1, INT2, INT4 can operate; INTO cannot INT1, INT2, INT4 can operate; INTO cannot

CPU Operation stops Opsration stops

Release signa!l Enabled interrupt request signal Enabled interrupt request signal (except INTO)
(except INTO) or RESET or RESET

Table 6. State of the Device After Reset

RESET Input During RESET Input During
Hardware Standby Mode Operation
Program counter (PC) uPD75304 The low-order 4 bits of program memory address 0000H are loaded
into PC11 - PC8, The contents of address 0001H are loaded inte
PC7 - PCO.
uPD75306 The low-order 5 bits of program memory address 0000H are loaded
uPD75308 into PC12 - PC8. The contents of address 0001H are loaded into
uPD75P308 PC7 - PCO.
uPD75312 The low-order 6 bits of program memory address O000H are loaded
UPD75316 into PC13 - PC8, The contents of address 0001H are loaded into
uPD75P316A PC7 - PCO.
PSW Carry flag (CY) Held Undefined
Skip flags (SKO - SK2) o] o}
Interrupt status flag (ISTO) 0 0
Memory bank enable flag Bit 7 of program memeory address 0000H is loaded into MBE
{MBE)
Stack pointer (SP} Undefined Undefined
Data memory (RAM) Held (Note 1) Undefined
General-purpose registers Held Undefined
X,A,H,L,DEB,C
Memory bank selection [+] 4]
register (MBS)
Basic interval timer Counter (BT} Undefined Undefined
Mode register (BTM) 0 0
Timer/event counter Counter (T0) o] [}
Modulo register (TMODO) FFH FFH
Mode register (TMO) o] v}
TOEO, TOUT F/F 0,0 0,0
24
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Table 6. State of the Device After Reset (cont)

RESET input During

RESET Input During

Hardware Standby Mode Operation
Watch timer Mode register (WM) 0 0
Serial interface Shift register (SI10) Held Undefined
Operation mode register o] 0
(CSIM)
SBI control register (SBIC) o} 0
Slave address register (SVA} Held Undefined
Clock generator Processor clock control register [ 0
and clock output circuit (PCC)
System clock controf register [¢] [
(SCC)
Clock output mode register o} 0
(cLOM)
LCD controller Display mode register (LCDM) 0 Q
Display control register (LCDC) 0 0
Interrupt function Interrupt request flags (IRQxxx) Reset to 0 Resetto O
Interrupt enable flags (IExxx) 0 0
Interrupt master enable flag 0 0
(IME)
INTO, INT1, and INT2 and mode 0,0,0 0,0,0
registers (IMO, IM1, and iM2)
Digital ports Output buffers Off Oft
Output latches Cleared to 0 Cleared to ©
Input/output mode registers 0 o]
(PMGA, B)
Pullup resistor specification 0 Lo}
register (POGA)
Bit sequential buffer Held Undefined
Pin conditicns POo~-P03, P15-P13, Input Input

P2o-P23, P3p—P33,
P6g—P63, P7o—P73

P4g-Pég, PSy-P53,

With incorporated pullup resistor, high level; with open drain, high

impedance
S0-S31 Note 2 Note 2
COMO-COM3
BIAS With incorporated resistor ladder, low level; with no incorporated

resistor ladder, high impedance

Notes:

{1) The data of data memory address OF8H-OFDH is undefined by

RESET.

{2) S0 to S31 use V| ¢y, COMO to COM2 use Vo, and COMS3 uses
Vico as an input source. However, each display output level is

based on each display output and V| o) 's external circuit.

B L427525 0052697 b7?5 1A
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Caution

Apart from their normal functions, the POy/INT4 and
RESET pins are used to test the internal operation of
the devices. The test mode is entered by applying a
voltage greater than Vpp to either of these pins.

For this reason, care must be taken to limit the voltage
applied to these two pins. For example, it is conceiv-
able that even during normal operation enough spuri-
ous noise may be present to set the chip into the test
mode. If this happens, further normal operation is
impossible. Consequently, it is important that interwir-
ing noise be suppressed as much as possible. If this is
inconvenient, anti-noise measures, like those shown in
figure 15, should be implemented.

Figure 15. Noise Reduction Techniques

A. Connection of dlode between

POG/INT4 or RESET and Vpp
Diode with
small Vi A Vop
POg/INT4 (RESET)

B. Connectlon of capacitor between
POQ/INT4 or RESET and Vpp

vop
—L POo/INT4 (RESET)

83RD-7149A (1/94)
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pPD75316 Family

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

T 25°C Low-level output current, o 100 mA peak
A=
(Total of ports 0, 2, 3, 5) 60 mA rms 1+
Supply voltage, Vpp -03to +7.0V
Low-level output current, | 100 mA peak
Supply voltage, Vpp (75P308/ -0.3t0 +135V (Total of ports 4, 6, 7; star?dLard
P316A) grade) 60 mA rms 1
Input voltage, V|4 (other than ports -03toVpp + 0.3V Low-level output current, lop 100 mA peak
49 (Total of ports 4, 6, 7; special
Input voltage, Vp (ports 4, 5; -0.3toVpp + 0.3V grade) 50 mA rms t
:\tar)nal pullup resistor; 7530x/31x Storage temperature, tgTg —-65 to + 150°C
n|
Operating temperature, t —40 to +85°C
Input voltage, Vi3 (ports 4, 5; open -03to +11 V (7230)(/319)(/%1%/\) OPT
drain)
Operating temperature, t -10 to +70°C
Output voltage, Vo -031toVpp + 0.3V (7‘5’,,308)9 P oPT
igh-level output t, | -15 mA k
'(-gignglzv:in?‘;tzl:\d:‘:::?adSH mA pea + RAms value = peak value x (duty cycle)”z.
. Exposure to Absolute Maximum Ratings for extended pericds may
High-level output current, loy —10 mA peak affect device reliability; exceeding the ratings could cause perma-
(Single pin; special grade) nent damage. The device should be operated within the limits
High-level output current, log ~30 mA peak specified under DC and AC characteristics.
(Total of all pins) R .
Capacitance (All devices)
Low-level output current, Io 30 mA peak Ve = OV: Ta = 25°C
(Single pin; standard grade) 15 mA rms 1 DD~ ~ % AT
Parameter Symbol Max Unit  Conditions
Y
Lo'w-level output Furrent, loL 10 mA peak Input capacitance Ciy 15 oF f= 1 MHz;
{Single pin; special grade)
SmArms t Output capacitance C 15 F all unmeasured
P it out P pins returned
/O capacitance Cio 15 pF to ground
Main System Clock Oscillator
Refer to figures 16 and 18.
UPD7530x/31x/P316A: Ty = ~40to +85°C; Vpp = 27 t0 6.0 V;
UPD75P308: T = —10to +70°C; Vpp = 5§V £ §%
Oscillator Parameter Symbol Min Typ Max Unit  Conditions
Ceramic resonator  Oscillation frequency (Note 1) fx 1.0 5.0 MHz
(Figure 164) Oscillation stabilization time (Note 2) 4 (Note 3) ms After Vpp reaches oscillator
operating voltage
Crystal resonator Oscillation frequency (Note 1) fx 1.0 4.19 5.0 MHz
(Figure 16A) Oscillation stabilization time (Note 2) 10 (Note 3) ms  Vpp = 4.5 to Vpp max
30 (Note 3) ms Vpp = 27060V
DD
(7530x/31x/P316A)
External clock X1 input frequency (Note 1} fx 1.0 5.0 MHz
(Figure 16B) X1 input low- and high-level width s XL 100 500 ns
Notes:

(1) The oscillation frequency and X1 input frequency are shown only
to present the characteristics of the oscillators. Refer to the AC
Characteristics table for actual instruction execution times.

(2) The oscillation stabilization time is the time required for the
oscillator to stabilize after voltage is applied or the STOP mode
is released.

M bu27525 0052699 u4ud R

(3) Values shown are for the recommended resonators, Values for
resonators not shown in this data sheet should be obtained from
the manufacturer's spec shests.
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Figure 16. Main System Clock Configurations Figure 17. Subsystem Clock Configurations
A. Ceramic/Crystal Resonator A. Crystal Resonator
X1 XT1
¢t ct
w—] % w1 .:II
c2 c2
X2 XT2
R
B. External Clock B. External Clock

X D L

rPD74HCU04

x2 Open—] XT2
S3AD-8906A
Note: Yhen the Input s an extemal clock, the stop mode
cannot be set because the X1 pin Is connected intemally
to System ground (Vgsg)-
83RD-7303A (10/83)
Subsystem Clock Oscillator
Refer to figures 17 and 18.
uPD7530x/31x/P316A: Ty = —40 to +85°C; Vpp = 2.7 t0 6.0 V;
HPD75P308: T = -10to +70°C; Vpp= 5V = 5%
Oscillator Parameter Symbol Min Typ Max Unit Conditions
Crystal resonator Oscillation frequency fxT 32 32.768 35 kHz
(Figure 17A) N "
Oscillation stabilization 1.0 2 s Vpp = 4.5to Vpp max
time (Note 1) 10 s Vpp = 2710 6.0 V (7530x/31x/P316A)
External clock XT1 input frequency xT 32 100 kHz
(Figure 178B) XT1 input low- and tTH tXTL 5 15 us
high-level width
Note:

(1) Values shown are for recommended resconators. Values for reso-
nators not in this data sheet should be obtained from the
manufacturer's spec sheets.

28
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Figure 18. Clock AC Timing Points X1 and XT1 Recommended Main System Crystal Resonators
" (xPD7530x/31x Standard Grade Only)
X Frequency Ct c2
) —— Manufacturer  (MHz) Retainer (pF) (pF) Remarks
Kinseki 2.00 HC-18/U 22 22 Vpp=27
X1 Input * 7 419 HC-49/U 22 22 1080V
491 HC-43/U 22 22
VixT
Recommended Subsystem Crystal Resonators
ret—— tXTL —] T

(uPD7530x/31x Standard Grade)

XT1 input \ Vpp-05V c1 C2 R

N A RO4Y Manufacturer Type (pF) (pF) (k) Remarks
srosea | Kinsek P-3 22 22 330 Vpp= 271060V

Recommended Main System Ceramic Resonators
(ePD7530x/31x Standard Grade Only)

C1 Cc2
Manufacturer Part Number (pF) (pF) Remarks
Murata CSA 2.00MG093 15 15 Vpp = 25
to 35V
CSB 1000D20 220 220 Vpp= 27
CSA 2.00MG093 30 3 1080V
CSA 4.19MGU 30 30
CSA 491MGU 30 30
CST 2.00MG093  None None Vpp= 27
CST 4.19MGU None Nore to6.0V
CST 491MGU None  None (Note 1)
Kyocera KBR-1000H 100 100 Vpp= 3.0
KBR-2.0MS 68 68 160V
KBR-4.0MS 33 33
KBR-4.1SMS 33 33
KBR-4.91MS 33 33

Note:

(1) C1 and C2 are contained in the oscillator.
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DC Characteristics (uPD7530x/31x/P316A)
Ta = -40 to +85°C; Vpp = 2.7 t0 6.0 V; refer to figures 19 through 22

Parameter Symbol Min Typ Max Unit Conditions
High-level input voltage ViH1 0.7 Vpp Vpp \ Ports 2, 3
Viuz 0.8 Vpp Vpp \ Ports 0, 1, 6, 7; and RESET
Vina 0.7 Vpp Vbp 2 Ports 4 and 5; internal pullup resistor, 7530%/
31x
0.7 Vpp 10 v Ports 4 and 5; open drain
\™ Vpp-0.5 Vop Vv X1, X2, XTt
Low-level input voltage ViL1 0 0.3 Vpp v Ports 2, 3,4, 5
ViL2 [} 02Vpp V Ports 0, 1, 6, 7; RESET
ViLs 0 0.4 v X1, X2, XT
High-level output voltage VoH1 Vpp-1.0 v Ports 0,2, 3,6, 7, BIAS; Vpp = 4510 6.0V,
IOH = -1 mA
Vpp—0.5 v Ports 0, 2, 3, 6, 7, BIAS; Vpp = 2710 6.0 V;
IOH = -100 [IA
VoHz2 Vpp-2.0 \ BPg.7 (with two lgy outputs)
Vpp = 45t0 6.0V,
loy = -100 pA
Vpp-1.0 v BPg.7 (with two lgy outputs)
Vpp = 27t0 6.0V;
lon = -30 uA
Low-level output voltage VoL1 0.4 2.0 v Ports 3,4, 5, Vpp = 45t0 6.0V;
loL= 15 mA (standard grade)
0.2 1.0 \ Ports 3, 4,5; Vpp = 4510 6.0V;
loL= 5 mA (special grade)
0.4 v Ports 0, 2-7; Vpp = 4.5t0 6.0 V;
lop= 1.6 mA
0.5 \ Ports 0, 2-7; Vpp = 27t0 6.0 V;
loL= 400 A

0.2 Vpp v SBO, 1; Vpp = 2.7 to 6.0 V; open drain
pullup resistance = 1kQ

VoLz2 1.0 V. BPg_7 (with two lgg outputs)
Vpp = 45t0 6.0V;
loL = 100 uA
1.0 v BPp-7 (with two lg outputs)
Vpp = 27t06.0V;
loL = S0 pA
High-level input leakage current ILIH1 3 pA Al except X1, X2, XT1 and ports 4, 5 (open
drain); Viy = Vpp
Ltz 20 pA X1, X2, and XT1; Viy = Vbp
LiH3 20 UA  Ports 4 and 5 (with open drain); Viy = 10V
Low-level input leakage current AT -3 LA All except X1, X2, and XT1; Viy = 0V
[P -20 pA  X1,X2,and XTt; Viy = 0V
High-level output leakage current It oH1 3 pA  Other than ports 4 and 5 (open drain); Vout =
Vob
ILoH2 20 pA  Ports 4 and 5 (open drain); Voyt = 10V
Low-level output leakage current  fy o -3 pA  Voutr =0V

30
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DC Characteristics (uPD7530x/31x/P316A) (cont)

Parameter Symbol Min Typ Max Unit Conditions
Internal pullup resistor 2] 15 40 80 kQ  Ports 0-3, 6, 7 (except POg); Viy = O V;
Vpp = 5.0V £10%
30 200 k@  Ports 0-3, 6, 7 (except POp); Viy = 0 V;
Vpp = 3.0V *£10%; 7530x/31x
30 300 kQ2  Ports 0-3, 8, 7 (except POg); Viy = O V;
Vpp = 3.0V £10%; 75P316A
RL2 15 40 70 kQ Ports 4,5; Vout = Vpp—-2V;Vpp = 50V =
10%; 7530x/31x
10 60 kQ Ports 4,5;Voyt = Vpp-2V;Vpp = 30V =
10%; 7530%/31x
LCD drive voltage Vieo 25 Voo \
LCD split resistor RLcp (Note 1) 60 100 150 kQ  7530x/31x
LCD output voltage deviation; Vobc o *0.2 Vg = *5puA;
common (Note 2) Viep = Vicpo = 2.7 VioVpp;
Vicpr = 23 Vicp
Vicpz = 1/3Vicp
LCD output voltage deviation; Vops o +0.2 Vo lg= =1uA;
segment (Note 2) Viep = Vicpo = 27 Vto Vpps
Viept = 28 Viep
Vicpz = ¥3Vico
Supply current bp1 1 25 8 mA  Vpp = 5V *10% (Note 5)
(Note 3) (Note 4) E 4 4.5 14 mA
t 0.35 1.2 mA  Vpp = 3V +10% (Note 6)
3 0.9 3 mA
lpp2 1 500 1500 #A  HALT mode; Vpp = 5V +10%
(Note 4) 1 700 2100 LA
1 150 450 HA  HALT mode; Vpp = 3V £10%
$ 300 900 HA
IpD3 T 30 90 pA  Vpp = 3V £10% (Note 8)
(Note 7) t 100 300 LA
IpD4 1 5 16 pA  HALT mode; Vpp = 3V +£10% (Note 8)
(Note 7) + 20 60 pA
lops 0.5 20 pHA  STOP mode; XT1 = 0V;Vpp = 5V £10%
0.1 10 HA  STOP mode; XT1 = 0V; Vpp = 3V *10%
0.1 5 pA STOP mode; XT1 = 0V; Vpp = 3V £10%; Ta
= 25°C
Ipps (Note 7) kS 5 15 pA  STOP mode; 3 V £10%; (Note 9: 75P316A}
1 7530x/31x  $75P316A
Notes:
(1) LCD splitresistor is a mask option. See LCD Drive Power Supply (6) When operated in the low-speed mode with the PCC set to 0000.
section in the user’s manual. R = Ry gp. @) 32-kHz crystal oscillator
(2) Voltage deviation is the difference between the ideal value of . d subsyst lock . scc
segment or common output (V| cpn: 0 = 0, 1, 2) and the output @ h:a;z()s%stem clock stopped and subsystem clock running (
voltage. )
i jon i i i t lock
(3) Does not include internal pullup resistor current and current (%) When STOP instruction is executed during main system cloc

erati d the subsystem clock is oscillating.
through LCD resistor ladder. P fon an © subsy 9

(4) 4.19-MHz crystal oscillator; (C1 = C2 = 22 pF); subsystem clock
running.

(5) When operated in the high-speed mode with the processor clock
control register (PCC) set to 0011.
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Figure 19. DC Characteristics, Ipp vs Vpp (uPD7530x/31x, Standard Grade) (Sheet 1 of 2)

Ipp vs Vpp (Crystal Resonator at 4.19 MHz) Ipp vs Vpp (Ceramic Resonator at 4.19 MHz)
E t T — t T
= Tp=25°C 1 — Ta=25°C ]
5000 Main System Clock - 5000 Main System Clock -
Maln Sy Clock —= Main Sy Clock ~=
High-speed mode A il ngh-speed mode_e=t A t D01
PCC=0011 i CC=0011 P
Main I, c[lock ,/ /J Maln System Clod( / / /

1000 Middle-speed moda—= i 1000 Middle-speed mode=—— ———
= pcc 010 —~ 'DD2— PCC=0010—1= —~=1 DD24
g s00 — % 500 { —t—
= MalnSystemClock = s —Mxla_ln Y edrcr:-'::; yd v
< —  Low-speed mode /7 z |—  Low-spe
3 POC=0000 ~ 2 Poc=0000” |~
Q [~ / Q 7
o Maln symm Ciock /1 Subsystem Clock o Maln System Clock /] Subsystem Clock
= | ™ HALT mode’ I
5 100 = HALT mode oDz E 100 ,/ DD3
8 ,/I §~ '/

] — —
gE ¥ ”d 'DDa g % Z 'o04
a | Subsy Clock. e a | Subsy Clock L~ e
s Operation mode // g Operation mode /] //
5 * / a * /
10 ,,/ 10 //
— Clock ,” — Clock— 7=
S~ HALTmode sf—  HALTmode
| | * [ *
[~ % Maln system clock In STOP mode. [— % Malin system clock In STOP mode.
1 | 1 |
0 1 2 3 4 5 6 7 [} 1 2 3 4 5 [} 7
Power Supply Voltage Vpp (V) Power Supply Voltage Vpp (V)
x2 xr1  xr2| x2 xr1
x Xtal
32 768 330 k2 32 768 < 330k
MHz
22pF 22pF 22 pF 22pF 30 pF 30pF 22pF 22 pF
T Voo T T T > VoD
Note : Values of Ipp are about 10% larger using a ceramic resonator
as compared to a crystal resonator.
#3Y1-93638
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Figure 19. DC Characteristics, Ipp vs Vpp («PD7530x/31x, Standard Grade) (Sheet 2 of 2)

Ipp vs Vpp (Ceramic Resonator at 2.00 MHz) Ipp vs Vpp (Ceramic Resonator at 1.00 MHz)
ETp=25C —Ta=25"C
5000 5000
Maln System Clock -
Main Sy Clock N Main Sy Clock Main System Clock
High-speed mode /7 j'om High-speed mode / )lDD1
1000 Pcc=oo11l/ == | 1000 | PCC=0011 s
B — Ipp2— = :mﬁ'&} Y d mn;k S ;;I = lop2
[ [ le-spe 3
g sco [ MainSystom ook —E 2= 1 g so0f PCC=001) A<
& [ Middie-speed mode — = s L
= poc=0010 ~ |~ | Ly [ Main System Clock 24" ___A
3 Main Clock d 3 L""'s‘,’,%"g_'“omcco e
‘ g Low-spaed mode / Subsystem Clock 8 o, Subsystem Clock
£ PCC=0000 1 = $ !
DD3 £ Main Sy Clock _~]'op3
§ 100 | Maln System Clock ¥ g 1oL HALT mode =
8 i HALT mods == 3 ,/’
g | | 7 —ilooa|  E 50 7 pZ
- Subsystem Clock—_|« pd @ pd pd
] Operation mode '} A @ st Clock //
§ * / § Operation moda % /
10 A 10 A
— y Clock—LZ= yed
5 f——  HALT mode—A" 5
I [ * — Subsy Clock:
— HALT mode *-
| |
[~ % Maln system clock in STOP mode. [ % Maln system cluk In STOP mode.
N I R ,
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Power Supply Voltage Vp (V) Power Supply Voitage Vg (V)
| xi x2 xT1___ x72] | xi1 xa xm1 xiz}
Cer. Res. Xtal Cer. Res. Xal
CSA 2.00| 32.768 330 k2 CSB1000| 32.768 330 k2
MG kHT] D[]20 kHz[l
220 220
F 22 F == 22 pF
bl vy wllle kil w0 PFT_prL T 2P T8
B3YL-9384B
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Figure 20. DC Characteristics, oy vs VoL (uPD7530x/31x, Standard Grade) (Sheet 1 of 2)

loLvs VoL (Ports 0,2, 6,7) loL vs VoL (Ports 3, 4, 5)
40 T 40 T
50 | ¥YOD= /VDD=5V Vpp=4V ] 30 |Vop=6V IDD} Vop=4V
[ Iy /
[ ~ I/
1 [ {7 1 [/
s 117 E
1/ A/
L I/ Yop=3VY 2 ”/ /
Il/// ,/v—| - y e Vyp =27V
7 7
Il £/ //
/4
0 1 2 ;. 3 4 5 0 1 2 o 3 4 5

83YL-H3868
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Figure 20. DC Characteristics, lg; vs Vo, (sPD7530x/31x, Standard Grade) (Sheet 2 of 2)

loL vs VoL (BP0 -3, BP4 - 7 lgL vs VOL (BPC-3,BP4-7)
Vpp=5V Vpp=3V
800 T i 250 I
Ta=25°C % Number of Ta=25C % Number of
concurrent ooncurrent
700 outputs: 1_ | outputs: 1
———'—_

o et -

B

:
™~

:

™~

loL (kA) Typical
&
T~
1oy (#A) Typlcal

W
g
AN

WA

g
AN

Vel
|

200 /
/ 0 pd
100 / * Of pins BPO to BP3 or BP4 % Of pins BPO to BP3 or BP4

to BP7, number of pins to BP7, number of pinsg
outputting the samae level. outputting the sama fevel.

o
-
N
w
-
LYy ———
(2]

4 5 0
VoL (V) VoL (V)

83YL-93868B
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Figure 21. DC Characteristics, loy vs Vpp—Voy (1PD7530x/31x, Standard Grade) (Sheet 1 of 2)

15

1 oK(mA) Typical
o

(L]

lox v8 Vpp - Vo (Ports 0,2-7)

T
DD T7VDD 5V
/ A
77
// Ao
//
1/ A
I/
/74
/// — Vpp=3V
/741 N
] 7 ———"0"*
///Z//

-400

loH v8 Vpp - Vo (BP0 -3,BP4-7)

Vpp=5V

Tao=25°C

% Number of
concurrent
outputs:

1 —]

AN

WYX

=
NN

* Of pins BPO to BP:
to BP7, number of

outputting the same level.

3 or BP4
pins

1 2 3 4

Voo - Vor V)

83YL-9387B
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Figure 21. DC Characteristics, Igoy vs Vpp-Von
(aPD7530x/31x, Standard Grade)

(Sheet 2 of 2)
loH v8 Vpp - VoK (BPO-3,BP3-7)
vDD =3V
-200
TA=25C
% Number of
concurrent
outputs: 1
|
-150

-100

\ ™~
\\\ A\

% Of pins BPQ to BP3 or BP4
to BP7, number of pins
outputting the same leval.

o
-
» p—
W

Vob - Yor ¥)
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Figure 22. DC Characleristics, Ipp vs fyx (uPD7530x/31x, Standard Grade)

Ippvsfx (Ypp=5 V) Ippvs fx (Vpp=3 V)
3 T T 0.5 [
| Ta=25°C I X1 x2 | _{ High-speed mode Tp=25C
PCC=0011 i
/ / Middle-speed mode

7 04 / / PCC=0010 —
03 / Low-speed mode—

2
High-speed mode % / PCC=OOOO/
2 PCC=0011 3 /
8 o2 ]
£ /
Middle-speed mode |

P°°=°°1°, 01 Maln System Clock

/ J / ) HALTmode | i
1 T = P
/ / 0 1 2 3 a s

Ipp (MA) Typical

-~ Low-speed mode——
|~ PCC=0000 fx (MHz)

gy

L —
Main System Clock — x1 X2
HALT mode

. |

0 1 2 3 4 5

tx (MHz)

83Y1.-93898 (10/93)
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AC Characteristics (uPD7530x/31xP316A)

Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figures 23 through 27

Parameter Symbol Min Typ Max Unit Conditions
Cycle time toy 0.95 64 us Main system clock; Vpp = 4.5t0 6.0V
(Note 1) ¢igure 24) 3.8 64 us Main system clock; Vpp = 2.7 t0 6.0 V
114 122 125 us Subsystem clock
TIO input frequency 1 0 1 MHz Vpp = 45t0 60V
figure 25) 0 275 kHz  Vpp= 271060V
TIO input high-and low-level width e 0.48 us Vpp = 451060V
(figure 25) 1.8 s Vpp = 2710 6.0V
Interrupt inputs UNTH, tINTL (Note 2) us INTO
high-and low-level width (figure 26) 10 us INT1, 2, 4
10 us KRO-KR7
RESET low-level width tRstL 10 us After Vpp = 27 V
(figure 27)

Notes:

(1) Cycle time (minimum instruction execution time) is determined
by the frequency of the oscillator connected to the microcom-
puter, system clock control register (SCC), and the processor

clock control (PCC). See figure 24.

(@) 2tcy or 128ffx, depending on the setting of the interrupt mode

register (IMO).

B L427525 0052711 875 WA
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Figure 23. AC Timing Measurement Points Figure 25. T10 Timing
(except X1 and XT1)
vin |
le—tTiL TH
08YDD ~—— \1oasurament —~08V0D
o2vpp~— P ———oavpp o \
83AD-7302A )

Figure 24. Main System Clock Operation; Icy v$ Figure 26. Interrupt Input Timing

Vpp {uPD75301/31x/P316A)
t
tey V8 Vpp (With main system clock) fINTL INTH
INTO,1,2,4
70 KAO-7
[ of 83RD-B747A
€0 — - -
7 - Figure 27. RESET Input Timing
e .
y trsL
5 “operating
range
4 S I RESET
z s \ ) . . : : 83RD-67480
° b
E
] 3
g 2 \\ ey
<
;
[} 1 2 3 4 5 8 7
Power Supply Voltage Vpp (V)
40
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Serial Interface, 2/3-Line Serial 1/0 Mode; Internal SCK Output (uPD7530x/31x/P316A)
Ta = —40to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeve 1600 ns Vpp = 4.5t0 6.0 V
3800 ns Vpp = 2.7t0 6.0V
SCK high- and low-level width tkH1» tKL1 0.5 teyy - 50 ns Vpp = 4.5t 6.0V
0.5 tyeyy — 150 ns Vpp = 271060V
Sl setup time to SCK 1 g1k 150 ns
81 hold time from SCK ks 400 ns
SCK 4 to SO output delay time tks01 250 ns Vpp = 4.51t0 8.0 V (Note)
1000 ns Vpp = 2.7 to 6.0 V (Note)

Note: R = 1 kQ and C; = 100 pf are load resistance and load
capacitance for the SO line.

Serial Interface, 2/3-Line Serial 1/0 Mode; External SCK Input (uPD7530x/31x/P316A)
Ta = —40to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeyz 800 ns Vpp = 45t0 6.0V
3200 ns Vpp = 27t0o 6.0V
SCK high- and low-leve! width tKH2: L2 400 ns Vpp = 45t0 60V
1600 ns Vpp = 27t0 60V
Sl setup time to SCK t tgike 100 ns
St hold time from SCK ¢ sz 400 ns
8CK | to SO output delay time tkso2 300 ns Vpp = 4.5 to 6.0 V (Note)
1000 ns Vpp = 2.7 to 6.0 V (Note)

Note: Ry = 1 kQ and C| = 100 pf are load resistance and load
capacitance for the SO line.

41
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Serial Interface, SBI Mode; Internal SCK Output (Master) (uPD7530x/31x/P316A)
Ta = —40 to +85°C; Vpp = 2.7 to 6.0 V; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeys 1600 ns Vop = 45t0 6.0V
3800 ns Vpp = 27t0 6.0V
SCK high- and low-level width tkHa: kL3 0.5 tycyz — 50 ns Vpp = 45t0 6.0V
0.5 toys — 150 ns Vpp = 2710 6.0V
SBO, SB1 setup time to SCK ¢ tsika 150 ns
SBO, SB1 hold time from SCK 1 tksia 0.5 tkoys ns
SCK  to SBO, SB1 output delay time tksos ¢} 250 ns Vpp = 4.5to 6.0 V (Note)
o 1000 ns Vpp = 2.7 to 6.0 V (Note)
SCK tto SBO, SB1 ¢ tksa teva ns
SBO, SBt {to SCK ¢ tspK tkeya ns
SBO, SB1 low-level width tsBL tkeys ns
SBO, SB1 high-level width tsBH tkeys ns

Note: R{ = 1 kQ and C| = 100 pf are load resistance and load
capacitance for the SBO, SB1 output lines.

Serial Interface, SBI Mode; External SCK Input (Slave) (uPD7530x/31x/P316A)
Ta = —40to +85°C; Vpp = 2.7 t0 6.0 V; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time teva 800 ns Vpp = 4510 6.0V
3200 ns Vpp = 2710 6.0V
SCK high- and low-level width ticHar tkLa 400 ns Vpp = 451060V
1600 ns Vpp = 271060V
SBO, SB1 setup time to SCK t tsike 100 ns
SBO, SB1 hold time from SCK ¢ ks 0.5 tycys ns
SCK { to SBO, SB1 output delay time tksoa 0 300 ns Vpp = 4.5t0 6.0V (Note)
o 1000 ns Vpp = 27 to 6.0 V (Note)
SCK 110 SBO, SB1 4 tksB tkoys ns
$BO, SB1 {to SCK ¢ tspx tkoys ns
SBO, SB1 low-level width tseL tkeva ns
SBO, SB1 high-level width tsey tkeya ns

Note: R = 1 kQ and C = 100 pf are load resistance and load
capacitance for the SBO, SB1 output lines.
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Figure 28. Serial Interface Timing
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Data Memory STOP Mode; Low-Voltage Data Retention Characteristics

Ta = -40 to +85°C; refer to figure 29

Parameter Symbol Min Typ Max Unit Conditions

Data retention voltage VobDR 2.0 6.0 \

Data retention current (Note 1) 'DDDR 0.1 10 LA Vpppr = 20V;XT1 = 0

Release signal set time tSREL 0 us

Oscillation stabilization time (Note 2) twArT (Notes 3, 4) ms Release by RESET input
(Note 3) ms Release by interrupt request

Notes:

(1) Excludes currentin the internal pullup resistors and LCD resistor (3) Consult the manufacturer’s resonator or crystal specification

ladder. sheet for this value.

(2) Oscillation stabilization WAIT time is the time during which the
CPU is stopped and the crystal is stabilizing. This time is
required to prevent unstable operation while the oscillation is
started. The interval timer can be used to delay the CPU from
executing instructions using the basic interval timer mode
register (BTM) according to the following table:

WAIT Time
BTM3 BTM2 BTM1 BTMO {fx = 419 MH2)
- 0 o o] 22071, (250 ms approx)
- 0 1 1 217/, (31.3 ms approx)
- 1 o] 1 2154, (7.82 ms approx)
- 1 1 1 213/f, (1.95 ms approx)

a4
B by42?7?525 0052716 357 WA

(4) The interval timer will cause a delay of 217/f, after a reset.
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Figure 29. Low-Voltage Data Retention Timing
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Recommended Ceramic Resonators

(sPD75P308)
Vpp = 47510 525 V; Ty = -10to +70°C
C1 c2

Manufacturer Part Number (pF) (pF) Remarks
Murata CSA 2.00MG 30 30

CSA 4.19MG 30 30

CSA 491MGU 30 30

CST 4.19MG (Note)  (Note)

Note: 30 pF capacitors are internally provided.

DC Characteristics (uPD75P308)
Ta= -1010 +70°C; Vpp = 5V * 5%

Parameter Symbol Min Typ Max Unit Conditions
High-level input voltage ViH1 0.7 Vpp Vpo v Ports 2, 3
ViHz2 0.8 Vpp Vop v Ports 0, 1,6, 7; RESET
Vi3 0.7Vpp 10 A Ports 4, 5; open drain
VIHa Vop-0.5 Vbo v X1, X2, XT1
Low-level input voltage Vit 0 0.3 Vpp v Ports 2,3,4,5
ViLo ] 0.2 Vpp v Ports 0, 1, 6, 7, RESET
ViLa 0 04 v X1, X2, XT1
High-level output voltage VoH1 Vpp-1.0 A Ports 0, 2, 3, 6, 7, BIAS; loy = -1 mA
VoH2 Vpp-2.0 \ BPp_7; loy = —100 pA (Note 1)
Low-level output voltage Vout 0.4 2.0 v Ports 3, 4, 5; lo .= 15 mA
0.4 v All output pins; lop= 1.6 mA
VoL2 0.2 Vpp v SBO, SB1; open drain
pullup resistor = 1kQ
VoLs 1.0 v BPg_7: loL = 100 pA (Note 1)
High-level input leakage current ILH1 3 UA All except X1, X2, and XT1; Viy = Vpp
ILIH2 20 HA X1, X2, and XT1; Vijy = Vpp
ILIH3 20 HA Ports 4 and 5; Vjy = 10V
Low-level input leakage current ItiLs -3 LA All except X1, X2, and XT1; Viy= 0V
iz -20 HA X1, X2, and XT1; Vjy = 0OV
High-level output leakage current ILoH1 3 LA All output pins except ports 4, 5; VouTt = Vpp
ILon2 20 HA Ports 4, 5; Voyr = 10V
Low-level output leakage current ILoL -3 HA Vour =0V
Internal pullup resistor Ry 15 40 80 kQ Ports 0-3, 6, 7 {except POg); Viy = OV
LCD drive voltage Vico 25 Vpp \
LCD output voltage deviation; Vopc o *0.2 \4 lo = =5 uA;
common (Note 7) Viep = Vicpo = 27V to Vpp;
Vicpt = 2/ 3Viep
Vicpz = 1/3Vicp
LCD output voltage deviation; Vops (o} +0.2 \ lo = £1pA;
segment (Note 7) Viep = Vicpo = 27 Vto Vpp;

Viept = 2/3Vicp
Viepz = 1/3Vicp

46
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DC Characteristics (nPD75P308) (cont)

Parameter Symbol Min Typ Max Unit Conditions
Supply current Ippt 5.0 15.0 mA (Notes 3, 4)
(Note 2)
Ipp2 500 1500 LA HALT mode (Note 3)
lopa 350 1000 HA (Notes 5, 6)
35 100 HA HALT mode (Notes 5, 6)
IDD4 05 20 LA STOP mode; XT1 = 0V
Notes:
(1) When any two pins of BPO-BP3 or any two pins of BP4-BP7 are (5) Value when the system clock control register (SCC) is setto 1001;
used simultaneously for output. generation of the main system clock pulse is stopped, and the

{2) Does not include pullup resistor current. SCC is operated by the subsystem clock.

(3) 4.19-MHz crystal oscillator; C1 = C2 = 22 pF; subsystem clock (6) 32-kHz crystal oscillator

running. (7) Voltage deviation is the difference between the ideal value of

(4) Value during high-speed operation and the processor control segment or common output (Vi cpn;i N = 0, 1, 2) and the output

clock (PCC) is set to 0011. voltage.

AC Characteristics (uPD75P308)
Ta = -10to +70°C; Vpp = 5V * 5%; refer to figure 30

Parameter Symbol Min Typ Max Unit Conditions
Cycle time toy 0.95 64 us Main system clock
{minimum instruction execution time, Note 1) (figure 29) 114 120 125 s Subsystem clock
TIO input frequency 1 0 1 MHz
{figure 24}
TIO input high- and low-level width trims tric 0.48 us
(figure 24)
Interrupt inputs HNTH: TINTL {Note 2) s INTO
high- and low-level width (figure 25) 10 s INT1, INT2, INT4
KRO-KR7
RESET low-level width tpsL 10 s After Vpp = 475V
(figure 26)
Notes:
(1) Cycle time is determined by the frequency of the oscillator (@) 2tcy or 128/f;, depending on the setting of the interrupt mode
connected to the microcomputer, system clock controf register register (IMO).

(SCC), and the processor clock control (PCC).
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Figure 30. Guaranteed Operating Range

(uPD75P308)
toy vs Vpp (Using main system clock)
70
84 |- b
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Power Supply Voltage Vpp (V)

Serial Interface, 2/3-Line Serial /O Mode; Internal SCK Output (uPD75P308)
Ta = —10to +70°C; Vpp = 5 V * 5%; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkey1 1600 ns Output
SCK high- and low-level width tkH1s kL1 0.5 tkoyy — 50 ns Output

S| setup time (against SCK 1) tsiK1 150 ns

S| hold time (against SCK 1) tks 400 ns

SCK ¢ to SO output delay time tkso1 250 ns

48
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Serial Interface, 2/3-Line Serial I/0 Mode; External SCK Input (uPD75P308)

Ta = -10to +70°C; Vpp = 5V * 5%; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tkeyz 800 ns Input

SCK high- and low-level width txH2: kL2 400 ns Input

Sl setup time ({to SCK 1) tgie 100 ns

S! hold time {from SCK 1) tksp 400 ns

SCK+ to SO output delay time tksoz2 300 ns

Serial Interface, SBI Mode; Internal SCK Output (Master) (uPD75P308)

Ta = —10to +70°C; Vpp = 5 V * 5%; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time txeys 1600 ns

SCK high- and low-level width txHa tkLa 0.5 txcys — 50 ns

SBO, SB1 setup time to SCK t tsia 150 ns

$BO, SB1 hold time from SCK t tksiz 0.5 tkcys ns

SCK | to SBO, SBloutput delay time tkso3 0 250 ns

SCKt to SBO, SBt ¢ txsB tkeys ns

SBO, SB1 4 o SCK | teBK tkeya ns

SBO, SB1 low-level width tsgL tkeys ns

SBO, SB1 high-level width tsgH tkcya ns

Serial Interface, SBI Mode; External SCK Input (Slave) (PD75P308)

Ta = -10to +70°C; Vpp = 5V * 5%; refer to figure 28

Parameter Symbol Min Typ Max Unit Conditions
SCK cycle time tKcya 800 ns

SCK high- and low-leve! width tiHar tKea 400 ns

SBO, SB1 setup time to SCK t teika 100 ns

$B0, SB1 hold time from SCK t tksia 0.5 toya ns

SCK } to SBO, SBloutput delay time 1Ks04 0 300 ns

SCKt to SBO, SB1 ¢ tkss tkeys ns

SBO, SB1 { to SCK ¢ tsBk tkeya ns

SBO, SB1 low-level width tsBL tkcya ns

SB0, SB1 high-level width tSBH tkeya ns

B L427525 0052721 714y HM
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PROM PROGRAMMING

The PROM in the uPD75316 family is one-time program-
mable (OTP) or ultraviolet erasable (UVE). in the uPD
part numbers below, GF and K denote QFP and LCC
packages, respectively.

’LFP_ PROM Bytes Package
75P308GF OTP 8064 QFP

75P308K UVE 8064 LCC wjwindow
75P316AGF OTP 16,256 QFP

75P316AK  UVE 16,256 LCC w/window

The PROM is programmed using the pins listed in table
7. Note that it is not necessary to enter an address
since the address is updated by pulsing the clock pins.
During programming, addresses are incremented by
applying clock pulses to the X1 and X2 input pins. When
+6 Vis applied to Vpp and + 12.5 Vto Vpp, the PROM is
placed in the writefverify mode. Pins MDO - MD3 select
the applicable operation as shown in table 8.

Table 7. PROM Write and Verify Pin Functions

Pin Function

X1, X2 Pulsed to increment address during PROM
write/verify operation. The inverse of X1 is
applied to X2. Note that these pins are also
pulsed during a read.

MDO - MD3 Operation mode selection pins.

P4g - P43 8-bit data input/output pins for write/verify

(four low-order bits)

PSg - P53

(four high-order bits)

Vpp Supply voltage. Normally 5 volts; 6 volts is
applied during writefverify

Vpp Normally § volts; 12.5 voits is applied during
write/verify

Note: To prevent erasure, the window on the ceramic LCC package of
the 75P308K/316AK should be covered with an opaque film.
Since the uPD75P308GF/P316GFAGF do not have windows,
the contents of their EPROM cannot be erased.

50
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Table 8. Mode Selection
Vpp = +125V;Vpp = +60V

MDO MD1 MD2 MD3

Operation Mode

1 (¢} 1 0 Program memory address clear
o 1 1 1 Write mode
o} (o] 1 1 Verify mode

1 1

1 Program inhibit

x = Don't care.

PROM Write/Verify Procedure

PROMSs can be written at high speed using the follow-
ing procedure. Figure 31 is the timing diagram.

(1) Connect unused pins to Vgs through resistors.
Set the X1 pin low.

(2) Supply +5 volts to Vpp and Vpp pins.
(3) Wait 10 us.
(4) Select program memory address clear mode.

(5) Supply +6 voltsto Vpp pin and +12.5 volts to Vpp
pin.

(6) Select program inhibit mode.
(7) Write data in the 1-ms write mode.
(8) Select program inhibit mode.

(9) Select verify mode. If data is correct, proceed to
step 10. If not, repeat steps 7, 8, and 9 up to a
maximum of 20 times. If data is still incorrect,
terminate programming and declare the device
defective.

(10) Perform one additional write with an MDO pulse
width (in ms) equal to the number of writes per-
formed in step 7. For example, MDO = 10 msif the
location was written to 10 times in step 7.

(11) Select program inhibit mode.

(12) Apply four pulses to the X1 pin to increment the
praogram memory address by one.

(13) Repeat steps 7-12 until the end address is
reached.

(14) Select program memory address clear mode.
(18) Return Vpp and Vpp pins to +5 volts.
(16) Turn off power.
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Figure 31. PROM Write/Verify Cycle Timing
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* The inverse of X1 is applied to X2.
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PROM Read Procedure (6) Select program inhibit mode.

The PROM contents can be read by using the following (7) Select verify mode. Apply four pulses to the X1
procedure. Figure 32 is the timing diagram for steps pin. The data in address 0 will be output. Every
2-9. additional four clock pulses will output the data

. . stored in the next address.
(1) Connect unused pins to Vgg through resistors.

Set the X1 pin low. (8) Select program inhibit mode,
(2) Supply +5 volts to Vpp and Vpp pins. (9) Select program memory address clear mode.
(3) Wait 10 us. (10) Return Vpp and Vpp pins to +5 volts.
(4) Select program memory address clear mode. (11) Turn off power.
(5) Sppply +6 volts to Vpp pin and + 12.5 volts to Vpp
pin.

Figure 32. PROM Read Cycle Timing

VPP =125V = = or
VPP =VDD _/

VDD=VDD+1= = )=
Vpp=VDD _/

Pag-Paz/ o/
P50-P53 —-—‘< Output Data X Output Data X ”
MDO
®30 ,

MD1
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MD2
P32)

P
MD3
(P33)

* The inverse of X1 is applied to X2.
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Program Erasure (¢PD75P308K/P316AK)

The UVE PROM (EPROM) can be erased by light rays
whose wavelength is shorter than about 250 nm. The
programmed data contents may aiso be erased if the
uncovered window is exposed to direct sunlight or a
fluorescent light for several hours. Thus, to protect the
data contents, cover the window with an opaque film.
NEC attaches quality-tested shading film to the UVE
PROM products for shipping.

For normal EPROM erasure, place the device under an
ultraviolet light source (254 nm). The minimum radia-
tion exposure required to erase the written data com-
pletely is 15 Wsf/em?2 (ultraviolet ray strength times
erasetime). This corresponds to about 15 to 20 minutes
with a a UV lamp of 12,000 uW/cm2. However, the time
may be prolonged if the UV lamp is old or if the device
window is dirty. The distance between the light source
and the window should be 2.5 cm or less.

DC Programming Characteristics (uPD75P308/P316A)

Ta = 25 £5°C; Vpp = 6.0 £0.25 V; Vpp = 125 03 V;Vgg = 0V

Parameter Symbol Min Typ Max Unit Conditions
High-level input voltage ViH1 0.7 Vpp Vop \ All except X1, X2
Vina Vpp - 0.5 Vop v X1, X2
Low-leve! input voltage ViLq 0 0.3 Vpp \ All except X1, X2
ViLz 0 0.4 \ X1, X2
Input leakage current Lt 10 uA Vin= VjLorVig
High-level output voitage Vou Vpp- 1.0 v lop = -1 mA
Low-level output voltage VoL 0.4 v lot = 1.6 mA
Vpp supply current Iop 30 mA
Vpp supply current Ipp 30 mA MDO = V)i; MD1 = V|y

Notes:
(1) Vpp must not exceed +13.5 V, including overshoot.

{2) Vpp must be applied before Vpp. Vgp should be removed after
Vpp is removed.

B L427525 0052725 36T HE
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AC Programming Characteristics (uPD75P308/P316A)
Ta = 25 £ 5°C; Vpp = 6.0 £ 0.25V; Vpp = 125 = 0.3 V; Vgg = 0V, refer to figures 33 and 34

Parameter Symbol (Note 1) Min Typ Max Unit Conditions

Address setup time to MDO | (Note 2) tas tas 2 us

MD1 setup to MDO tmis toEs 2 s

Data setup to MDO | tps tps 2 Hs

Address hold from MDO t (Note 2) taH taH 2 s

Data hold from MDO ¢ tpH tpH 2 pys

Data output float delay from MDO ¢ tor tpr 1] 130 ns

Vpp setup to MD3 t tvps tvps 2 s

Vpp setup to MD3 t tvps tycs 2 us

Initialized program pulse width tpw tpw 0.95 1.0 1.05 ms

Additional program pulse width torw torw 0.95 21 ms

MDO setup to MD1 ¢ tamos tces 2 us

Data output delay from MDO } tov tov 1 HS MDO = MD1 = Vi
MD1 hold from MDO t tM1H togH us tMiH + tmig = SO us
MD1 recovery from MDO { tM1R tor 2 us tmiH + tM1R = SO us
Program counter reset tpch — 10 us

X1 input high and low-level width txH, XL —_ 0.125 He

X1 input frequency fx — 4.19 MHz

Initial mode set 1 — 2 us

MD3 setup to MD1 1 tmas -_ 2 Hs

MD3 hold from MD1 § tMaH — 2 Hs

MD3 setup to MDO ¢ tmasr — 2 Hs During Program Read cycle
Address to data output delay time (Note 2) tpap tace 2 J73

Address to data output hold time (Note 2) tHAD toH 0 130 ns

MD3 output hold from MDO t tMaHR — 2 us

Data output float delay from MD3 | tpFR — 2 us

Notes:

(1) These symbols correspond to those on the uPD27C256/C256A

EPROM.

BN Lu2?525 005272L 2Th HE

(2) The internal address signal is incremented by one at the rising
edge of the fourth X1 pulse; itis not connected to an external pin.
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Figure 33. PROM Program Memory Write Timing
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Figure 34. PROM Program Memory Read Timing
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INSTRUCTION SET

There are four CPUs in the 4PD75x product line and one
instruction set. The CPUs are (1) expanded high-end
CPU, (2) high-end CPU, (3) standard CPU, and the (4)
low-end CPU. The expanded high-end CPU uses the
complete instruction set. The high-end CPU, standard
CPU, and the low-end CPU use a subset of the instruc-
tion set. Table 1 shows the type of CPU in each uPD75x
device.

Table 1. Type of CPU in Each yPD75x Device

pPD75117H, 75P117H;
pPD75217, 75218,75P218;
HPD75237, 75238, 75P238;
HPD75517, 75518, 75P518

HPD75104, 75104A, 75106, 75108, 75108F, 75108A,
75P108, 75P1088B, 75112, 75112F;

uPD75116, 75116F, 75P116, 75116H;

uPD75206, 75208, 75CG208, 75212A, 75216A,
75P216A, 75CG216A, 75236;

pPD75336, 75P336;

uPD75512, 75516, 75P516

HPD75004, 75006, 75008, 75P008, 75028, 75036,
75P036, 75048, 75P048, 75064, 75066, 75068,
75P068;

HuPD75268;

1PD75304, 75304B, 75308, 75306B, 75308, 753088,
75P308, 75312, 76312B, 75316, 75316B, 75P316,
75P316A, 765P316B;

uPD75328, 75P328

uPD75P402, 75402A

Expanded
High-end

High-end

Standard

Low-end

When the user assembles their program, they should
designate the mask ROM device type rather than the
OTP device at assembly time. This will prevent the user
from using more ROM or RAM than is available on the
mask ROM device. For example, the uPD75P108 or
uPD75P116 can be used as an OTP for the uPD75104
device, but both OTP versions have more ROM and
RAM than the uPD75104.

The user designates the device being used to the
assembler using the -C command (-CXXX). This is not
an optional command, and it must be input to the
assembler. For example if the yPD75104 is being used,
the user invokes the assembler by typing:
RA75X FILENAME -C104

The -C104 on the command line tells the assembler that
the uPD75104 is being used. Once the assembler knows
the chip, it will check to be sure the user does not
exceed the amount of ROM or RAM, or use features not
available on the chip

M bLu4y2?5e25 0052729 TOS W

The uPD75x product line instruction set is unusually
powerful for a 4-bit microcontroller. It contains instruc-
tions that operate on 1-bit, 4-bit, and 8-bit data. It
contains 8-bit instructions which are generically equiv-
alent to virtually every 4-bit instruction type. Specifi-
cally, the instruction set contains the following 8-bit
instruction types:
e Arithmetic: ADD W/CARRY, ADD W/SKIP,
SUB W/BORROW, SUB W/SKIP

e lLogical: AND, OR, XOR
e Comparison: SKE (skip if equal)
e Transfer: MOV, MOVT, XCH, IN, OUT, PUSH, POP, BR,

CALL
e Manipulation: INC W/SKIP, DEC W/SKIP

In addition, some of the 4-bit ports may be paired
together to function as one 8-bit port. The combination
of 8-bit ports and 8-bit instructions allows IN and OUT
instructions to move a byte of data with one instruc-
tion.

The uPD75x product line provides unusual instructions
including the following types.

e GETI instructions to reduce program size
Skip instructions

String instructions

Table reference instructions

1-byte relative branch instructions

GETI Instructions

GETI instructions are used to compact code, thereby
reducing the ROM size and hence product cost. In
general, GETI instructions reduce code by 10%. If the
program is 9K bytes long, using GETI instructions will
result in an 8K-byte ROM-based product.

The GETI converts 2-byte instructions and pairs of
1-byte instructions into a single 1-byte instruction.
After the code is written, the code is analyzed fo find
the most frequently used 2-byte instructions and/or the
most frequently used pairs of 1-byte instructions. A
GETI table (2 bytes per entry with up to 48 entries)
based upon the most frequently used instructions is
made. The frequently used instructions in the code are
replaced by their respective GETI instructions. When a
GETI instruction is encountered, the CPU gets and
executes the instruction from the GETI table.
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Because of the way it works, GETI is an acronym for
“Get Instruction.” An example is shown below:

CSEG IENT ;This is the GETI table.
MOVA: MOV A@HL ;1-byte instruction.

INCS L ;1-byte instruction.
INCR: INCS @HL ;2-byte instruction.

CSEG ;This is a code segment.
Start D1 ;This is a GETI instruction;

MoV HL ,#0F4H it is 1-byte long.

GET! MOVA :Execution of this 1-byte

MoV A, #0FH iinstruction will cause the two

11-byte instructions at MOVA in

ithe GETI table to be executed.
El ;Program continues after GETI

;at the MOV A,#0FH instruction

The GET! instruction can also convert 3-byte branch
and CALL instructions into a single 1-byte instruction.
In this case, the GETI table contains the branch or
subroutine address.

Skip Instructions

Skip instructions replace the need for a conditional
branch. Usable with 1, 4, or 8 bits of data, they are
available in arithmetic, comparison, transfer, and ma-
nipulation type instructions. All skip instructions are
implemented such that if the skip condition is met, the
next instruction is skipped. For example:

LOOP:  SKT PORT3.1
BR ILOOP
MOV AX

In this example, the instruction SKT PORT3.1 tests
port 3 bit 1 for a one; this is the skip condition. If port 3
bit 1 is zero, the skip condition is not met and the CPU
executes the next instruction, which branches to
LOOP and retests port 3 bit 1. When port 3 bit 1 isaone,
the skip condition is met; the next instruction (BR
ILOOP) is skipped and the MOV A, X instruction is
executed.

String Instructions

The uPD75x product line has two types of string effect
Instructions:

(1) MOV A,#n4 or MOV XA #n8

(20 MOV HL,#n8

String effect means to place the same type of instruc-
tion in consecutive addresses. Only the first instruc-

tion of a string is executed normally; the remainder of
the same type instructions in the string are treated as

58

B Lu27525 0052730 727 WA

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght

NOPs. The string instructions increase efficiency when
setting constants into an accumulator (register A or
XA) or into a data pointer (register pair HL). For exam-
ple:

AO: MOV A#0H

At: MoV A#1H

XA7: MOV XA,#0F8H
SETt MBE

If the first instruction address in the string to be
executed is A0, the two subsequent instructions (at At
and at XA7) are treated as NOP instructions during
program execution. The SET1 MBE instruction is the
first instruction after AO to be executed normally. if the
first instruction address in the string to be executed is
A1, the instruction at XA7 is treated as an NOP and the
SET1 MBE instruction is the first after A1 to be exe-
cuted normally.

Instruction Execution Times

The minimum instruction execution time is 0.95 us with
a 4.19-MHz clock. The PCC register can be used to
program the CPU’s instruction cycle time to 0.95, 1.91,
or 15.3 us; all three speeds presuppose a 4.19-MHz
crystal. Reducing the CPU clock speed wili reduce the
microcontroller’'s power consumption.

The machine cycle column in the Instruction Set table
lists the number of cycles required to execute the
instruction. One machine cycle equals one CPU clock
period ¢. In the machine cycle column, S equals the
number of extra machine cycles required for skip op-
eration when executing a skip instruction:

S  Skip Operation

0 No skip

1 1- or 2-byte instruction or GETI instruction is
skipped.

2  3-byte instruction is skipped (BR !addr, CALL
laddr)

Symbols, Operand Formats, and Addressing
Areas

Table 2 defines the instruction set registers, flags, and
symbols. Table 3 defines the instruction set operands
and table 4 describes the addressing areas.

2003
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Table 2. Instruction Set Register, Flags, and

Symbols
Symbol Definition
A A register; 4-bit accumulator
B B register; 4-bit register
C C register; 4-bit register
D D register; 4-bit register
E E register; 4-bit register
H H register; 4-bit register
L L register; 4-bit register
X X register; 4-bit register
XA XA register pair; 8-bit accumulator
BC BC register pair; 8-bit register
DE DE register pair; 8-bit register
DL DL register pair; 8-bit register
HL HL register pair; 8-bit register
XA’ XA’ register pair; 8-bit register
BC’ BC' register pair; 8-bit register
DE’ DE’ register pair; 8-bit register
HL* HL’ register pair; 8-bit register
PC Program counter
SP Stack pointer
cY Carry flag; bit accumulator
PSW Program status word
MBE Memory bank enable flag
RBE Register bank enable flag
PORTn Portn (n = 0-15)
IME Interrupt master enable flag
IPS Interrupt priority selection register
IExxx Interrupt enable flag
RBS Register bank selection register
MBS Memory bank selection register
PCC Processor Clock Control Register

Separation between address and bit

(>0 The contents addressed by xx
xxH Hexadecimal data
AN Logical AND
\ Logical OR
ha Logical Exclusive OR

B bLu27525 0052731 bb3 HE

Operation Representation Format
and Description Method

An operand is entered in the operand field of each
instruction according to the format of the instruction
(see assembler specifications). When two or more
entries are indicated in the description method, one
should be selected. Capital letters and symbols must
be entered exactly as shown. For immediate data, a
proper numeric value or label should be entered as
shown in table 3. See table 4 for a description of the
addressing areas.

Table 3. Operand Formats

Symbol Description

reg X,A,B,C D, E H,L(eg = X A, H, Lfor low-end
CPU)

regi X,B,C,D,E H, L (eg = X, H, L for low-end CPU)

rp XA, BC, DE, HL

rpl BC, DE, HL

p2 BC, DE

rp’ XA, BC, DE, HL, XA", BC' DE’, HL”

rp’1 BC, DE, HL, XA’, BC’ DE’, HL'

rpa HL, HL+, HL-, DE, DL

rpail DE, DL

n4 4-bit immediate data or label

n8 8-bit immediate data or label

mem (Note 1)  8-bit immediate data or label

bit 2-bit immediate data or label

fmem FBOH-FBFH, FFOH-FFFH immediate data or label

pmem FCOH-FFFH immediate data or label

addr Immediate data or label of the entire ROM area

faddr 11-bit immediate data or label

taddr 20H-7EH immediate data (where bit 0 = 0) or label

PORTn

IExoxx

RBn Register bank n

MBn Memory bank n

Note:

(1) Memory address must be an even number in 8-bit processing.
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Table 4. Addressing Areas

Address Area (Note 1) Addressing Area Description (Note 2) Memory Area
1 MB = (MBE)»(MBS) (Note 3) Data memory
2 MB = 0 (Note 4)

3 MB = 0: MB = 0 (0OH-7FH)

MB = 15 (80H-FFH)
MBE = 1 : MB = MBS {Note 3)

4 MB = 15, fmem = FBOH-FBFH (Note 5)
FFOH-FFFH
MB = 15, pmem = FCOH-FFFH (Note 5)
addr immediate data or label of the entire ROM area up to 3F7FH Program memory

addr = (current PC) — 15 to (current PC) -1 or
{current PC) + 2 to {(current PC) + 16

8 caddr x000H to xFFFH; x = OH to FH and specifies a 4K area of ROM

9 faddr = 0000H-07FFH

10 taddr = 0020H-007FH

1 addr1 = immediate data or label of the entire ROM area 0000H - 7F7FH
Notes:

(1) Symbols 1 thru 11 refer to the Addressing Area column of the
Instruction Set table.

{2) MB = data memory bank that can be addressed.
(3) MBS =0-7,0r15.

(4) MB = 0 regardless of the status of MBE and MBS.
(5) MB = 15 regardless of the status of MBE and MBS.
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Instruction Set

Skip EHEt HEt Stdf LEt
Mnemonic  Operand Operaticn Bytes MCt AAT  Condition CPU CPU CPU CPU
Transfer
MOV A, #n4 A« n4 1 1 String A X X X x
regl, #n4 regl « nd4 2 2 x X X _
XA, #n8 XA « n8 2 2 String A X x X x
HL, #n8 HL « n8 2 2 String B X x x X
P2, #n8 rp2 < n8 2 2 X X X —
A, @HL A« (HL) 1 1 1 X X x x
A, @HL+ A « (HL), then LeL+1 1 2+S 1 = X X — —
A, @HL- A « (HL), then LeL-1 1 2+S 1 = FH X X — —
A, @rpat A « (rpat) 1 1 2 x x X —
XA, @HL XA <« (HL) 2 2 1 X X X —
@HL, A (HL) < A 1 1 1 X X X X
@HL, XA (HL) < XA 2 2 1 X X X —
A, mem A < (mem) 2 2 3 X X X X
XA, mem XA « {mem) 2 2 3 X b X X
mem, A (mem) < A 2 2 3 x X X X
mem, XA (mem) < XA 2 2 3 X x X X
A, reg A« (reg) 2 2 b x x —
XA, p’' XA <« rp’ 2 2 X X X —
regl, A regl < A 2 2 X x x —
p'1, XA rp't « XA 2 2 X X x —
XCH A, @HL A o (HL) 1 1 1 X X X X
A, @HL+ A« (HL), then Le-L+1 1 2+8S 1 L= X X — —
A, @HL- A < (HL), then LeL-1 1 2+S 1 L=FH x x - —_
A, @rpat A < {rpal) 1 1 2 x x x —
XA, @HL XA « (HL) 2 2 1 x x X —
A, mem A <« {mem) 2 2 3 X X X X
XA, mem XA < (mem) 2 2 3 X X X X
A, regt A < (regl) 1 1 X X x X
XA, rp’ XA e p’ 2 2 X X x —
MOVT XA, @PCDE XA < (PCys_g+ DE)gomM 1 3 x x x =
XA, @PCXA XA « (PCys_g+XARoM 1 3 X x X X
XA, @BCDE XA « (Bo_g+ CDE)gom 1 3 6 X — — —
XA, @BCXA XA « (Bo_g+ CXA)rom 1 3 6 Note 1 X — — —
1 MC: Machine Cycle HE: High End X = Instruction available
AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
61
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Instruction Set (cont)

Skip EHEt HEt Stdt LEtT

Mnemonic  Operand Operation Bytes MCt AAt  Condition CPU CPU CPU CPU

Transfer (cont)

MOV1 CY, fmem.bit CY « (fmem.bit) 2 2 4 X x — —
CYy, CY « (pmemzo+Llso 2 2 5 x X - =
pmem.@L bit(L4-0))

CY, @H+ CY « (H+ memgo.bit) 2 2 1 X X — —
mem.bit

fmem.bit, CY (fmem.bit) « CY 2 2 4 b'e X — —
pmem.@L, (pmem7.p+ Lao.bit 2 2 5 x X — —
cY (L10) <= CY

CY, @H+ (H+ memg g.bit) « CY 2 2 1 x x —_ —_
mem.bit

Arithmetic

ADDS A, #n4 A<« A+nd 1 1+8 Carry X X X X
XA, #n8 XA « XA+n8 2 2+8 Carry X X — _
A, @HL A« A+ (HL) 1 1+8 1 Carry X X X X
XA, rp’ XA « XA+ rp’ 2 2+S Carry X X — —
rp'1, XA p't « 1ip’1+ XA 2 2+S Carry X X —_ —

ADDC A, @HL A, CY « A+ (HL)+ CY 1 1 1 X X X X
XA, rp’ XA, CY « XA+1p'+CY 2 2 X X — —
p'1, XA p'1, CY <« rp’t+ XA+ CY 2 2 X X — —

suBs A, @HL A <« A-(HL) 1 1+8 1 Borrow X X X -
XA, rp’ XA « XA-rp’ 2 2+8S Borrow X X — —
p'1, XA rp1 « rp’1-XA 2 2+S Borrow X X — —

SuUBC A, @HL A, CY <~ A-(HL) -CY 1 1 1 X X X —_
XA, rp’ XA, CY « XA-rp’-CY 2 2 X X — —_—
p'1, XA p'1, CY « rp’1-XA-CY 2 2 X X — —

AND A, #n4 A+~A AN n4 2 2 X X X —
A, @HL A=A (HL) 1 1 1 X X X x
XA, rp’ XA « XA/ rp’ 2 2 x X - —_
rp’1, XA p'l « rp't A XA 2 2 X X — —_

OR A, #n4 A<« AV n4 2 2 X X X —
A, @HL A <AV (HL 1 1 1 X X X
XA, rp’ XA « XAV rp’ 2 2 X x —- -
rp’1, XA Pl « rp1 V XA 2 2 X X - -

XOR A, #n4 A« A¥n4 2 2 X X x -
A, @HL A« AY (HY 1 1 1 b3 X X X
XA, rp’ XA « XA ¥ rp’ 2 2 X x _ -
p'1, XA p't « 1p’t VXA 2 2 x x - -

1 MC: Machine Cycle HE: High End X = Instruction available

AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
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Instruction Set (cont)

Skip EHE{ HE{ Stdt LEt
Mnemonic  Operand QOperation Bytes MCt AAt  Condition CPU CPU CPU CPU
Accumulator Manipulation
RORC A CY « Ag, Az « CY, Ay < Aq 1 1 x x X x
NOT A A<A 2 2 x x x X
Increment/Decrement
INCS reg reg « reg+1 1 i+ reg =0 X x X X
rpl rpl « rpt+1 1 1+8 rpl = 00H X X — —
@HL (HL) « HL)+1 2 2+8 1 HLH =0 X x x =
mem (mem) « (mem)+1 2 2+S 3 {mem) = 0 X X X x
DECS reg reg « reg-1 1 1+S reg = FH X X X X
rp’ p’ + rp’—1 2 2+8S ' = FFH X x - —_
Comparison
SKE reg, #n4 skip if reg = n4 2 2+8S reg = né X X X x
@HL, #n4  skip if (HL) = n4 2 2+8 1 (HL) = na X X e
A, @HL skip if A = (HL) 1 1+8§ 1 A= (HL X x x X
XA, @HL skip if XA = (HL) 2 2+8 1 XA = (HL) X X — —
A, reg skip if A = reg 2 2+8 A= reg X x x —
XA, rp’ skip if XA = rp’ 2 2+8 XA = rp’ X X — —
Carry Flag Manipulation
SET1 cY CY <1 1 1 X X X X
CLR1 cY CY«0 1 1 X X X X
SKT cY skipif CY = 1 1 1+8 Cy=1 X X X X
NOT1 cY CY « CY 1 1 x x X X
Memory Bit Manipulation
SET1 mem.bit {mem.bit) «< 1 2 2 3 X X X x
fmem.bit (fmem.bit) « 1 2 2 4 x X X x
pmem.@L (pmemyz.o+ Lo .bit 2 2 5 x X X —
(L1g)) 1
@H+ {H + memgq.bit) < 1 2 2 1 X x X —_
mem.bit
CLRt mem.bit (mem.bit} «- 0 2 2 3 b’s X X x
fmem.bit (fmem.bit) « 0 2 2 4 X X X X
pmem.@L (pmemyz.o+ Lz o.bit 2 2 S X X X —
(L10) <0
@H+ (H + memg.q.bit) < 0 2 2 1 X x X —
mem.bit
1t MC: Machine Cycle HE: High End x = Instruction available
AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
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Instruction Set (cont)

Skip EHEt HEt Stdi LEt

Mnemonic Operand Operation Bytes MCt AAt  Condition CPU CPU CPU CPU

Memory Bit Manipulation (cont)

SKT mem.bit skip if (mem.bit) = 1 2 2+8 1 (mem.bit) = 1 x X x X
fmem.bit skip if fmem.bif) = 1 2 2+8 (fmem.bit) = 1 X X X X
pmem.@L skip if (pmemz.o+ 2 2+$S (pmem.@L = 1) X X X —_

Lap-bitlly.g)) = 1
@H+ skip if (H+ memgzg.biY) = 1 2 2+$ 1 {@H+ mem.bif) X X X —
mem.bit =

SKF mem.bit skip if (mem.bit) = 0 2+8S 3 {mem.bit) = 0 X X X x
fmem.bit skip if fmem.bit) = 0 2+8 4 (fmem.bit) = O X X X
pmem.@L skip if (pmemy.o+ 2+8 5 (pmem.@L = Q) X X X —

Lao.bit(Ly.p)) = 0
@H+ skip if (H+ memgg.bit) = 0 2 2+8S 1 {@H+ mem.bit) X X x —
mem.bit =0

SKTCLR fmem.bit skip if (fmem.bit) = 1 and clear 2 2+8S {fmem.bit) = 1 X X X X
pmem.@L skip if (pmemyo+ 2+S (pmem.@L = 1) X X X —_

La.p.bit{Ly.g)) = 1 and clear
@H+ skip if (H+ memg_g.bit) = 1 2 2+8S 1 (@H+ mem.bit) X x x —
mem.bit and clear =1

AND1 CY, fmem.bit CY « CY /A (fmem.bit) 2 X X X X
CcY, CY « CY A (pmem7.o 2 2 X X x —
pmem.@L + La.o.bit(L1.0)

CY, @H+ CY « CY A\ (H+ memg_o.bit) 2 2 1 X X X —
mem.bit

OR1 CY, fmem.bit CY « CY V (fmem.bit) 2 2 X X X X
[0}'4 CY « CY V (pmemz.o 2 2 X x x —
pmem.@L + La.o.bit(L-0))

CY, @H+ CY « CY V (H+ memg.g.bit) 2 2 1 X X x —
mem.bit

XOR1 CY, fmem.bit CY « CY *¥ (fmem.bit) 2 X X X X
cY, CY « CY ¥V (pmemyp+ L3 2 X X x —
pmem.@L 2.bit {L1.0))

CY, @H+ CY « CY ¥ (H+ memg.q.bit) 2 2 1 X x X —
mem.bit

Branch

BR addr PCi3.0 « addryzo - - 6 X X X x

MNote2)  "poaar PCqq « 0, PCa.0 « addr 3 3 6 x  x  —
(Note 2)
$addr PC « addr 1 2 7 X X X X
(Note 2)

+ MC: Machine Cycle HE: High End x = Instruction available

AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
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Instruction Set (cont)

EHEt HEt Stdt LEt

Mnemonic  Operand Operation Bytes MCt AAt CPU CPU CPU CPU
Branch (cont)
BRCB lcaddr PCq4.42 < PCiq.12, 2 2 8 X X X X
(Note 2) PCy1.0 « caddrqyig
BR PCDE PCy4.8 « PCyq.8, PCy.0 «~ DE 2 11 X X — —
PCXA PCq4.8 < PCys.8 PCzg < XA 2 1 X —-— —
BCDE PC14.12 < Ba.p, PCy1.9 « CDE 2 1 x — — -—
{Note 3)
BCXA PCq4.42 « Ba.g, PCy1.0 <« CXA 2 3 1 X - - —
{Note 3)
BRA faddrt PC « addri 3 3 1 X — — —
(Note 2}
Subroutine Stack Control
CALL taddr (SP-4)(SP-1)(SP-2) « PCy1 3 3 6 X x x —
(Note 4) (8P-3) «+ (MBE, RBE, PCy3 12)
PCy3.0 « addr, SP < (SP-4)
CALLA laddr (SP—1) =%, %, * *, 3 3 11 x - - -
(Notes 4, 5) (8P-2) « *, *, MBE, RBE,
(SP-3){SP-4) (SP-5)(SP-6) «
PC44.0, SP « SP-8
CALLF Haddr (SP-4)(SP-1)(SP-2) « PCy1.p 2 2 9 X X X X
(8P-3) « (MBE, RBE, PCy3 12)
PCy3.0 « 000, faddr,
SP « (8P-4)
CALLF faddr (SP—1) «- *, * * * 2 3 9 X — — —_
(Notes 5, 6) (8P-2) « *, *, MBE, RBE,
(SP-3) (SP-4)(SP-5)(SP-6) «
PCq4.0, PC14.9 < 0000, faddr,
SP « SP-6
RET (MBE, RBE, PCy3,1p) « (SP+1) 1 3 — X x X
PCi1.0 < (SP), (SP+3)(SP+2)
SP « (SP+4)
RET PCy10 « (SP) {SP+2)(SP+3) 1 3 x — — —
{Notes 5, 6) *, PCygq.12 « (SP+1),
* * MBE, RBE <« (SP+4)
8P « SP+6
RETS (MBE, RBE, PCy3,12) « (SP+1) 1 3+8 Unconditional — X X X
PCy1.0 « (SP) (SP+3)(SP+2)
SP « (SP+4),
then skip unconditionally
RETS PC41.0 « (SP) (SP+3) (SP+2) 1 3+S No condition X - — —_
(Notes 5, 6) *, PCqg-12 < (SP+1)
*, *, MBE, RBE « (SP+4)
SP « SP+8,
then skip unconditionally
t MC: Machine Cycle HE: High End x = Instruction available
AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
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Instruction Set (cont)

Skip EHEf HEt} Stdt LEt
Mnemonic  Operand QOperation Bytes MCt AAt  Condition CPU CPU CPU CPU
Subroutine Stack Control (cont)
RETI MBE, RBE, PCy3 PCq2 « 1 3 — X x X
(SP+1)
PCy1.0 « (SP), (SP+3)(SP+2)
PSW « (SP+4)(SP+5),
SP « (SP+6)
RETI PCq1.0 « (SP), (SP+3){SP+2) 1 3 x — — —
(Notes 5, 6) *, PCyz.12 «— (SP+1)
PSW « (SP+4)(SP+5)
SP « SP+6
PUSH P (SP-1)(SP-2) <« rp, 1 1 X X X X
SP « (SP-2)
BS (SP-1) «— MBS, (SP-2) « RBS, 2 2 x x x -
SP « (SP-2)
POP p rp « (SP+1)(SP), SP « 1 1 x x x x
(SP+2)
BS MBS « (SP+1), RBS « {SP), 2 2 X X X -
SP « (SP+2)
Interrupt Control
El IME « 1 2 2 X X X X
1Exoxx IExxx « 1 2 2 X X X X
o] IME < 0 2 2 X X X X
IExxx [Exxx « 0 2 2 X x X X
Input/Output (Note 7)
IN A, PORT, A « PORT, 2 2 X x x X
XA, PORT, XA « PORTp 1, PORT, 2 2 X x x @ —
ouUT PORT,, A PORT, < A 2 2 X X x x
PORT,, XA  PORT,, 1, PORT, « XA 2 2 x x x —
CPU Control
HALT Set HALT mode (PCC.2 « 1) 2 2 X X X
STOP Set STOP mode (PCC.3 « 1) 2 2 x X X X
NGOP No operation 1 1 X X b'e b'e
Special
SEL RBy, RBS « n; (n = 0-3) 2 2 X x —_ —_
MB, MBS « n 2 2 X X x —_
t MC: Machine Cycle HE: High End x = Instruction available
AA: Addressing Area Std: Standard — = Instruction not available
EHE: Expanded High-End LE: Low End
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NEC

uPD75316 Family

Instruction Set (cont)

Skip EHEt HEt Stdt LEt

Mnemonic Operand Operation Bytes MCt AAt  Condition CPU CPU CPU CPU
GETI taddr For BR instructions: 1 3 10 Depends on the — X X —
(Notes 8, 9) (TBR in GETI table) referenced

PCy3.0 « (taddr)s, (taddr+1) instruction

For CALL instructions: 1 3 10 Depends on the — X X —

(TCALL in GETI table) referenced

(SP-4), (SP-1), (SP-2) instruction

<« PCqy.0;

(SP-3) «— MBE, RBE,

PC13,12;

PCy30 « {taddr)s.q, (taddr+1),

SP « SP-4

For instructions other than 1 3 10 Depends on the — X X —

TBR or TCALL, the instruction referenced

at {taddr) and (taddr+1) is instruction

executed.

Notes:
(1) Available on all expanded high-end CPUs except uPD75217.

(@ Optimum instruction is selected by the assembler from BRA
laddr, BR !addr, BRCB !caddr, and BR $addr.

(3) Can be used for expanded high-end CPU except uPD75217
4

For parts that contain the expanded high-end CPU and use the
32K mode, the CALL instruction operates the same as the CALLA
instruction except the CALL takes 4 machine cycles and the
CALLA takes 3 machine cycles.

(5) * = undefined value.

(6) This operation is only for parts with expanded high-end CPU
operating in the 32K mode, or for parts with the expanded
high-end CPU and no 32K mode.

(7) When executing the IN/OUT instruction, either MBE must be
resetto 0, or MBE and MBS must be setto 1 and 15, respectively.

TBR and TCALL are GETI table pseudoinstructions.

The GETl instruction shown appliesto the high-end and standard
CPUs. The GETI instruction is not available in the low-end CPU,
For parts with the expanded high-end CPU, see the User's
Manual.

®
©
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HPD75316 Family

NEC

SOLDERING

Packaging and Soldering Information

Part Number Package Package Drawing Recommended Soldering Code
pPD75304GF-0x-3B9 80-pin plastic QFP PBOGF-80-3B9-1 IR30-00-1, VP15-00-1, WS60-00-1
uPD75306GF-0x-3B9 (14 x 20 mm)

(PD75308GF-xxx-3B9
uPD75312GF-0x-3B9
uPD75316GF-xxx-3B9

UPD75P308GF 80-pin plastic QFP P80OGF-80-3B9-1 IR30-162-1, VP15-162-1, WS60-162-1
(14 x 20 mm)

uPD75P316AGF 80-pin plastic QFP P80GF-80-3B9-1 IR30-207-1, VP15-207-1, WS60-207-1
(14 x 20 mm)

uPD75P308K 80-pin ceramic LCC wiwindow X80KW-80A Soldering not recommended

HPD75P316AK

Soldering Conditions

Method (Note 1)

Code (Note 2)

Soldering Conditions

Exposure Limit (Note 3)

infrared reflow IR30-00-1 Package peak temp: 230°C No limit
IR30-162-1 Time: 30 sec max (210°C min) Max no. of days: 2 (thereafter, 16 hours baking
at 125°C is required)
IR30-207-1 Max no. of days: 7 {thereafter, 20 hours baking
at 125°C is required)
Vapor phase VP15-00-1 Package peak temp: 215°C No limit
. oo i
VP15-162-1 Time: 40 sec max (200°C min) Max no. of days: 2 (thereafter, 16 hours baking
at 125°C is required)
VP15-207-1 Max no. of days: 7 (thereafter, 20 hours baking
at 125°C is required)
Wave soldering WS60-00-1 Solder bath temp: 260°C max No limit
WS60-162-1 Time: 10 sec max Max no. of days: 2 (thereafter, 16 hours baking
at 125°C is required)
WS60-207-1 Max no. of days: 7 {thereafter, 20 hours baking

at 125°C is required)

Pin partial heating

Pin partial temp: 300°C max
Time: 3 sec max (per device side)

Notes:

(1) Do not use different soldering methods together. However, on all
devices the pin partial heating soldering method can be used
alone or in combination with other soldering methods.

(2) The maximum number of soldering operations is one or two as
indicated by the last digit of the soldering code: -1 or -2.

(3) Maximum no. of days refers to the number of days after unpack-
ing the dry pack. Storage conditions are 26°C and 65% RH max.
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NEC uPD75316 Family

PACKAGE DRAWINGS
80-Pin Plastic QFF, 14 x 20 mm (Dwg P80GF-80-3B9-1)

Hem Milimeters Inches 1
A 23.6:0.4 929016 B
+.009
B 20.0:02 787 Toos
%0 REARAARARARRAARARARAARAH
c 14.0:02 551 008 :
D 178104 £93+.018 o |64 Moo
F 1.0 09 == ===
G 08 031 —— | o
004 = o
H 0.35:0.10 o1 F e o =)
= [ = = 11
1 0.5 008 — _ ST PR
=}
J 0.8(TP) 031 (TP) [ =
| - — — -
K 18202 on T == =
[ == — 113
L 0.8:02 a1 +009 = ]
~008 == o) ===
M 0.5 +0-10 o0g +004 =11 K| ===
- 0085 X 002 y S—
N 0.15 006 : |
P 2.7 106 [ L_ —
Q 0.1+0.1 004 £.004 > . @
A 0.1 0.1 004 004 G H
S 3.0 max .118 max
Pin Detail
4
s P
_J_L
Q R
PBOGF-80-389-2 B3IH-5549B (5/94)
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MPD75316 Family NEC

PACKAGE DRAWINGS (cont)

80-Pin Ceramic LCC With Window (Dwg x80KW-80A)

Rem  Millimsters Inches A
+.017
A 200:04 787 Xt B
B__18.0 748 u w
c 132 520 _L
D 142 :04 560 + 016 (—— N~
E_ 164 085 —
F__ 214 .084 —
G 4.064 max__ .160 max g ~ —
H 051010 020 +.004 + &b —
1 008 003 —
/ —
J 08 (TP 031 (TP) T =
K 10=02 .39+ =
- — T
Q 05 cor 020 cor |\ J) 4
AR08 051 _’] L_
s 11 043 K
T 30 rad .118 rad
e (T e e
]

w 07502 .03 5% Bl 1 @

XBOKW-80A 4ONR-5178B (1V69)
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NEC

HPD75316 Family

PACKAGE DRAWINGS (cont)

80-Pin Ceramic QFP For Engineering Samples

ftem Millimeters inches
A 20.0 787
B 18.4 724
c 12.0 472
D 14.2 559
H 0.32 .013
J 08 031
N 0.15 008
S 225 .089
Notes:
(1) The metal cover Is connected to pin
33 (Vag)
{2) The leads on the bottom surface are

formed obliquely.

(3) The length of the leads Is not defined
since the cutting of the lead tips Is not
controlled during the manufacturing
process.

Enlarged detall of bottom

Jogauaangonandng

EE

83YL-9299B (2/94)
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