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Description

The uPD78310A, uPD78312A, and uPD78P312A are
members of the K-Series® of microcontrollers and are
designed for use in process control. They perform all
the usual process control functions and are particu-
larly well-suited for driving stepping motors and dc
motors in servo loops. The processors include on-chip
memory, timers, input/output registers, and a powerful
interrupt handling facility. The uPD78310A/312A is con-
structed of high-speed CMOS circuitry and operates
from a single +5-volt power supply.

The input frequency (maximum 12 MHz2) is derived from
an external crystal or an external oscillator. The inter-
nal processor clock is two-phase, and thus machine
states are executed at a rate of 6 MHz. The shortest
instructions require three states, making the minimum
time 500 ns. The CPU contains a three-byte instruction
prefetch queue, which allows a subsequent instruction
to be fetched during execution of an instruction that
does not reference memory.

Program memory is 8K bytes of mask-programmable
ROM (uPD78312A only), and data memory is 256 bytes
of static RAM. The uPD78310A is the ROMless version.
uPD78P312A is a prototyping chip for uPD78312A. It has
an on-chip 8K EPROM instead of a mask ROM.

Features

& Complete single-chip microcontroller
— 16-bit ALU
— 8K ROM (uPD78312A only)
— 256 bytes RAM
— 1-bit and 8-bit logic

S Instruction prefetch queue
16-bit unsigned multiply and divide
3 String instructions
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= Watchdog timer

= Refresh output for pseudostatic RAM
2 Programmable HALT and STOP modes
& One-byte call instruction

= On-chip clock generator

= CMOS silicon gate technology

S +5-volt power supply

O Memory expansion

— B0BSA bus-compatible
— Total 64K address space

2 Large i/O capacity: up to 32 1/O port lines

Extensive timer/counter system

— Two 16-bit up/down counters

— Quadrature counting

— Two 16-bit timers

— Free-running counter with two 16-bit capture
registers

— Pulse-width modulated outputs

— Timebase counter

2 Four-channel 8-bit A/D converter

S Two 4-bit real-time output ports

= Two nonmaskable interrupts

S Eight hardware priority interrupt levels

& Macro service facility for interrupts gives the effect

of eight DMA channels

= Bidirectional serial port

— Either UART or interface mode
— Dedicated baud rate generator
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Ordering Information

Part Number ROM Package Package Drawing
pPD78310ACW ROMless 64-pin plastic shrink DIP P64C-70-750 A,C
pPD78312ACW-xxx 8K mask ROM

HPD78P312ACW 8K OTP ROM

pPD78310AGF-3BE ROMless 64-pin plastic QFP P64GF-100-3B8, 3BE-1
4PD78312AGF-x-3BE 8K mask ROM

uPD78P312AGF-3BE 8K mask ROM

HPD78310AGQ-36 ROMless 64-pin plastic QUIP P84GQ-100-36
PD78312AGQ-xxx-36 8K Mask ROM

uPD78P312AGQ-36 8K OTP ROM

uPD78310AL ROMless 68-pin plastic PLCC PB8L-50A1-1
uPD78312ALxxx 8K Mask ROM

{PD78P312AL 8K OTP ROM

pPD78P312ADW EPROM 64-pin ceramic shrink DIP with window (350 mil) P64DW-70-750A
pPD78P312AR EPROM 64-pin ceramic QUIP with window P64RQ-100-A

xxx is the ROM code number.

Pin Configurations

64-Pin Shrink DIP and QUIP, Plastic and Ceramic

pood1 ~ ePvpp
P04 2 63 [J P47/AD7
Poo] 3 62 [1 Pag/ADg
Pog 4 61 [J Pa5/AD5
Pog] 5 60 |3 P44/ADg
pogC] & 59 |3 Pa3/AD3
pogl] 7 8 [3 Pas/AD>
po;d 8 57 [0 P44/AD4
Ptg @ 58 [1 P4g/ADg
p1y] 10 55 [ ALE
P 1 s4 O WR
P15 12 53 0 AD
P14 13 52 [] RESET/PROG
p1g] 14 51 [1 EA/Vpp
Plg d s 50 |1 P57/A45
P17 16 49 |1 P5g/Aq4
P2g/NMI (] 17 48 [J P5g/Aq3
P24/INTEO (] 18 47 [0 P54/Aq2
P2o/INTE1 [] 18 48 [0 P53/Aq¢
P25INTE2 ] 20 45 [1 P53/A40
P24/TxD [ 21 a4 O P51/Ag
P2g/RxD [] 22 43 |1 P5qg/Ag
P2g/SCK ] 23 42 [ P37/CLRITO1
P27CT5 ] 24 41 [3 P3g/CLRO/TOO0
RFSH ] 25 40 [0 P3g/PWM1
P3g/cCio O] 26 39 [ Pag/PwMo
P3y/CTRLOT 27 38 [J Avgs
P3¥CI1 ] 28 37 [ AVREF
P33/CTRLT [] 29 38 [J AN3
X1 30 35 [ AN2
X2 a1 34 [J ANt
vas O a2 33 [1 ANO
BIRC-M53A
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Pin Configurations (cont)

64-Pin Plastic QFP
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Poy[] 2 50 |7 Pag/aDy
Po]s s [IAE
P19 4 48[ WR
P25 47 1RO
piae 48 [1 RESET/PROG
PgO7 45 j EANpp
pig]s 44 [ P57 /nqg
pigl]e 43 [ PsgiAy,
P10 42 [ PsgiAqg
P2o/NMI T 11 41 [ P54/
P24/INTEO ] 12 40 |1 Ps3/Aq4
P25/INTE1[] 13 39 11 Psa/A10
P2anNTE2(] 14 38 [1 P51/Ag
P24/mxD ] 15 37 [ 1 P5g/Ag
P2gmxD ] 18 38 [ P37/CLRY/TO1
P24/SCK 17 35 [ P3g/CLROTOD
P2,CT8 ] 18 34 [ Pag/PWM1
AFSH (] 19 33 [ P34/PWMO
STNQIZERERES Y
FEEEER R
CESE ERREN
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Pin Configurations (cont)

68-Pin PLCC (Plastic Leaded Chip Carrier)

PO7

Pig O

P14 ]

P12 [

P13 ]

P14

P15

P1g

P17
P2o/NMI [
P24/ANTEO []
P22/INTE T []
P23/INTE2 []
P24/TxD [}

P24/3CK [
P24/CTS [

N\

-
o

91 Pog
8[] POg
7[J POg
81 Pog
5[1 PO
47 POy
3P POy
20 NC

O13Vss

68 [ vpp

67 [} P47/AD7
88 |1 P4g/ADg
85 [ P4s/ADg
64 1 Pay/aD,
63 [1 P4g/AD3
82 [1 P4y/AD2
81 |2 P44/AD4

E&&S&E832RBROEAG2S

[1 Pag/ADg

[1 ALE

1 WR

1 RD

[1 RESET/PROG
[1 EAvpp

] PS7/A15

1 PSg/A14

- P55/A13

[1 PSa/At2

3 PSa/A1q

[1 PS2/A10

[J PSy/Ag

[1 NC

[0 PSo/Ag

[7 P37/CLRYTO1
[] P3g/CLRO/TOD

RFSH ] 27

P3g/Clo (] 28

P3/CTRLO [ 29

Pa/ci ] 30

P3y/CTRL1 ] 31

X2} 33
vgg O 34

x1 32

vgg [] 35

ANO [] 38
AN1[] 37
AN2[] 38
AN3[] 39
AvRer [ 40

Avgg O] 41

P34/PWMO [ 42

Pag/Pwm1 [] 43

E3IRC-H456B
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Pin ldentification

Symbol Function

ANO - AN3 A/D converter inputs

ALE Address latch enable output

EA/Vpp External access control input; programming
voltage

PO, - POy I/O port0

P17-P1g /O port 1

P25/NMI Nonmaskable interrupt input

P2y - P23/ Maskable interrupt inputs

INTEO - INTE2

P24/TxD I/O port 2; serial transmit output

P25/RxD I/O port 2; serial receive input

st/m /O port 2; serial clock output

P2;/CTS 1/O port 2; clear to send input

P3y/Clo Up/down counter 0 input

P3,/CTRLO Up/down counter 0 control input

P3,/C1 Up/down counter 1 input

P35/CTRL1 Up/down counter 1 control input

P34/PWMO /O port 3; pulse width modulated output 0

P35/PWM1 /O port 3; pulse width modulated output 1

P3g/CLRO/TOO I/Q port 3; counter O clear input timer 0 output

P3,;/CLR1/TO1 /O port 3; counter 1 clear input; timer 1 output

P4; - P4g/AD; - ADg

I/O port 4; external address/data bus

P57 - PSg/A15 - Ag

/O port 5; high address byte output

RD

Read strobe output

RESET/PROG External reset input; PROM programming mode
RFSH Refresh output

WR Write strobe output

X1 External crystal or external clock input

X2 External crystal

AVREF A/D reference voltage

AVgg Analog ground

Vop Power supply

Vss Power return

Pin Functions

ANO - AN3 (A/D Converter Inputs). ANO - AN3 are the
four program selectable input channels for the A/D
converter.

ALE (Address Latch Enable). ALE is the address latch
enable. Itis to be used by external circuitry to latch the
low-order 8 address bits during the first part of a read
or write cycle.

EA/Vpp. On uPD78312A, a low on EA enables use of
external memory in place of on-chip ROM. The EA pin
must be low on uPD78310A. On the uPD78P312A, this
pin is used for programming voltage. In normal opera-
tion, it must be connected to Vpp.

P07 - POy (Port 0). Port O consists of 8 bits, individually
programmable for input/foutput or two 4-bit real-time
(timer controlled) output ports.

P1; - P14 (Port 1). Port 1 consists of 8 bits, individually
programmable for input/output.

P2o/NMI (Port 2; Nonmaskable Interrupt). Port P2g is
dedicated to NMI, the nonmaskable external interrupt
request.

P2; - P2,/INTEO-INTE2 (Port 2; Maskable
Interrupts). Ports P2, - P2; are dedicated to INTEQ,
INTE1, and INTE2, the maskable external interrupt
requests.

P2,4/TxD (Port 2; Serial Transmit). P2, is an /O port bit
or the transmitted serial data output.

P25/RxD (Port 2; Serial Receive). P25 is an |/O port bit
or the received serial data input.

P2¢/SCK (Port 2; Serial Clock). P25 is an 1/O port bitor
the serial shift clock output.

P2,/CTS (Port 2; Clear to Send). P2; is an 1/O port bit
or clearto-send input (external serial transmission
control) in the asynchronous communication mode. In
the serial I/O interface mode, it becomes the serial
receive clock I/O pin.
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P3¢/C10 (Port 3; Counter 0). Port P3, is dedicated to
CI0, the external count input for up/down counter 0.

P34/CTRLO (Port 3; Counter 0 Control). Port P3; is
dedicated to CTRLO, the external control input for
up/down counter 0.

P3,/C11 (Port 3; Counter 1). Port P3, is dedicated to
Cl1, the external count input for up/down counter 1.

P32/CTRL1 (Port 3; Counter 1 Control). Port P33 is
dedicated to CTRL1, the external control input for
up/down counter 1.

P3,;/PWMo (Port 3; Pulse Width 0). P3, is an I/O port
bit or the pulse-width modulated output 0.

P35/PWM1 (Port 3; Pulse Width 1). P35 is an |/O port
bit or the pulse-width modulated output 1.

P3¢/CLR0/TOO (Port 3; Counter 0 Clear; Timer 0). P3q
is an 1/O port bit, or the clear input for up/down counter
0, or the timer 0 flip-flop output.

P3;/CLR1/TO1 (Port 3; Counter 1 Clear; Timer 1).
P37 is an I/O port bit, or the clear input for up/down
counter 1, or the timer 1 flip-flop output.

P4, - P4;/ADg - AD; (Port 4; External Address/Data
Bus). Port 4 consists of 8 bits, programmable as a unit
for input or output, or as the multiplexed address/data
bus if external memory or external interface circuitry is
used. The port is controlled by the memory mapping
register. If the EA pin is low, port 4 is always an
address/data bus.

P5q - P57/Ag - Ays (Port 5; High-Address Byte). Port 5
consists of 8 bits, individually programmable for input
or output, or the high-order address bits for external
memory. Under control of the memory mask register,
bits P53 - P5p are used for 4K memory expansion, bits
P5s - P5g for 16K memory expansion, or bits P57 - P5q
for 56K memory expansion. If the EA pinis low, port5is
always the high-order address bus.

RD (Read Strobe). RD is the read strobe output. it isto
be used by external memory (or data registers) to
place data on the |/O bus during a read operation.

RESET/PROG. This pin is used for the external reset
input. A low level sets all registers to their specified
reset values. During programming of the uPD78P312A,
this pin is usedto place the device into PROM program-
ming mode.

RFSH (Refresh). RFSH is the refresh pulse output to be
used for external pseudostatic RAM.

WR (Write Strobe). WR is the write strobe output. It is
to be used by external memory (or data registers) to
latch data from the 1/O bus during a write operation.

X1, X2 (External Crystal or Clock Input). X1 and X2
are the external oscillator inputs or the connections for
an external crystal. If an external clock is used, it is
connected to X1 and its inverse is connected to X2. The
system clock frequency is half the input frequency.

AVger (A/D Reference Voltage). AVger is the reference
voltage input for the A/D converter.

AVgg (Analog Ground). AVgg is the analog ground pin.

Vpp (Power Supply). Vpp is the positive power supply
input.

Vgg (Power Return). Vgg is the power supply return,
normally ground.
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Block Diagram
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FUNCTIONAL DESCRIPTION

On-chip features designed to facilitate process control
include two 16-bit timers, quadrature counting, two
16-bit up/down counters, two pulse-width modulated
outputs, a free-running counter with two capture regis-
ters, two 4-bit real-time (timer-controlled) output ports,
an 8-bit A/D converter with four input channels, a
timebase counter to generate widely spaced interrupts,
and a watchdog timer to guard against infinite pro-
gram loops.

In addition, a serial /O port can be used in either an
interface mode or an asynchronous communication
mode. HALT and STOP modes are provided to conserve
power at times when CPU action is not required.

All 1/O, timer, and control registers are defined as
special function registers and assigned addresses in
the top 256 bytes of memory. The special function
registers may be operated on directly by many of the
arithmetic, logic, and move instructions of the CPU.
Table 1 describes the registers.

Addressing

The uPD78312A family features 1-byte addressing of the
special function registers and 1-byte addressing of the
internal RAM. There are nine modes of addressing main
memory, including autoincrement, autodecrement, in-
dexing, and double indexing. There are 8- and 16-bit
immediate operands.

External Memory

External memory (figure 1) is supported by 1/O port 4,
an 8-bit multiplexed address/data bus. The memory
mapping register controls the size of external memory
as well as the number of additional wait states. High-
order address bits are taken from |/O port 5 as required.
No bits are required for 256 bytes of external memory;
bits P53 - P5g are used for 4K bytes, P55 - P5q for 16K
bytes, and P57 - P5; for 56K bytes. Any remaining port 5
bits are available for 1/0.

Refresh

The uPD78312A has a refresh signal for use with the
pseudostatic RAM. The refresh cycle can be set to one
of four intervals ranging from 2.67 to 21.3us. The
refresh is timed to follow a read or write operation so
that there is no interference,

Figure 1. Memory Map
FFFFH FFFFH Special Function
Registers
FEOOH |- — — — ] N
'\\ FFOOH | — —
Register
A |
N Storage |
\ FEBOH | _ _ — ~ Intemal
\\ Avaliable |
\ Feoou | SR
Extemnal [ oFFEH
Memory Only {
li
!
! CallF Area
li
!
!
/ 0800H I — — o —
{
i
WERH| _ [
Intemal l}
ROM !
uPD78312A !
or i
OFFFH |- — — — — ] OO7TFH |- — o — — — —
CallT Table Area
PROM O040H |- — — — — — —
0000H uPD7BPS12A oooon | Vector Table Area
BIRCME7A (1093)

General Registers

The CPU has sixteen 8-bit registers (figure 2) that can
also be used in pairs to function as 16-bit registers. A
complete set of 16 general registers is mapped into
each of 8 program-selectable register banks stored in
RAM. Three bits in the PSW specify which of the register
banks is active at any given time. Each register bank
has two program-selectable accumulators.

The general registers of the uPD78312A have both
absolute and functional names. AX is the functional
name for the accumulator. Setting the RSS bit in the
PSW to 1 transfers the AX and BC registers from their
normal RPO and RP1 positions to RP2 and RP3 as
shown in figure 2. This adds considerable program-
ming flexibility.
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Figure 2. Register Designation and Storage
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Program Status Word
Following is the program status word format.

| o [me [me [Reg[ 0o [ 0o [ E] o]

15

| s [ z [mss]ac | v [pv[sus]| cv |

RBs-RBg  Active register bank number

IE Interrupt enable

S Sign (1 if last result was negative)
V4 Zero (1 if last result was zero)

RSS Register set select

AC Auxiliary carry (carry out of 3rd bit)

UF User flag

PNV Parity or arithmetic overflow

SuB Subtract (1 if last operation was
subtract)

03 4 Carry

input/Output

All ports may be used for either fatched output or high-
impedance input. All ports except port 4 are bit-
programmable for input or output. Port 0 is used for
real-time or normal 1/O. Port 1 is used for normal 1/0.
The low nibble of ports 2 and 3 is always used for
control and the high nibble for control or normal I/O.
Port 4 is used for the external address/data bus or
byte-programmable 1/0. Port 5 is used for the high bits
of the external address or for normal 1/0.

Real-Time Output Port

The realtime output port shares pins with /O port 0.
The high and low nibbles are treated separately or
together. Data is transferred from a buffer to the port
latches on either a timer or software command.

Serial Port

The serial port can operate in UART or interface mode
with the baud rate and byte format under program
control. The serial port also includes a dedicated baud
rate generator.

Pulse-Width Modulated Outputs

The two independent pulse-width modulated outputs
are controlled by two 16-bit modulus registers and
counters. There are four programmable repetition rates
ranging from 91.6 Hz to 23.4 MHz. Figure 3 shows one of
these outputs.

Timers

The uPD78312A has two 16-bit timers. The inputs to
these timers may be the internal clock divided by 6;
12(TMO) or 128. Each timer has an associated modulus
register to store the timer count. The timer counts down
to zero, sets a flag, reloads from the modulus register,
and then counts down again. The timer flags can be
used under program control to generate interrupt re-
quests and/or a square-wave output. TMO also func-
tions optionally as two one-shot timers.

Figure 4 is a diagram of the interval timers.

There is a free-running counter that counts the internal
clock divided by 4 or by 16. The counter has two 16-bit
capture registers. Capture is triggered by an external
interrupt request or by the up/down counter clock.

The timebase counter generates a signal at one of four
intervals ranging from 170 us to 175 ms. The signal can
be used to generate an interrupt request and/or an
up/down counter capture.
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Figure 3. Pulse-Width Modulated Output
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Up/Down Counters
The uPD78312A has two 16-bit up/down counters, each
of which has two capture/compare registers. There are
three modes of operation: compare and interrupt, cap-
ture on external command, and capture on timebase
counter command. There are five sources of counts:
the internal clock divided by 3, the external clock,
external independent up and down inputs, external
clock with direction control, and external clock with
automatic up/down discrimination. Figure 5 shows an
up/down counter.
Figure 5. Up/Down Counter Block Diagram
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Quadrature Counting

The two up/down counters, UDCO and UDCH, have an
optional quadrature counting mode, which is activated
by specifying mode 4 in the counter unit input mode
register, CUIM. It is designed to count the output of a
two-phase pulsed optical shaft angle encoder The
input for phase A is the C10 (or CI1) pin, and the input
for phase B is the CTRLO (or CTRL1) pin. The counter
UDCO (or UDCH) is incremented or decremented at
both positive and negative transitions of both input
signals. Whether it is incremented or decremented is
dependent upon the relative phase of the two signals as
illustrated in figure 6.

Figure 6. Counter Operation (Mode 4)
Count Up Count Down
cio | A i
(c1) \ Y \

CTRLO [ y A [
(CTRLY) ] 1

8 0000000000830000000000
(UDCY)

B3Y1-68378

Standby Modes

HALT and STOP modes conserve power when CPU
action is not required. In HALT mode, the CPU stops
and the clock continues to run. Maskable interrupts can
restart the CPU.

In STOP mode, the CPU and clock are both stopped. A
RESET pulse or the nonmaskable external interrupt is
required to restart them. There is also the option of
slowing the system clock by a factor of four The
standby control register controls the standby modes
and is a protected location written to only by a special
instruction.

Watchdog Timer

The watchdog timer protects against inadvertent pro-
gram loops. A nonmaskable interrupt occurs if the
timer is not reset before a timeout occurs. There are
four program-selectable intervals ranging from 5.5 to
349.3 ms. The watchdog timer can be disabled by
software. The watchdog timer mode register controls
the watchdog timer and is a protected location written
to only by a special instruction.

12

A/D Converter

The A/D converter has four input channels and can
operate in either scan or select mode. The A/D con-
verter performs 8-bit successive approximation con-
versions, has a 30-us conversion time, and is triggered
either internally or externally. The A/D converter in-
cludes an on-chip sample and hold amplifier.

Interrupts

There are two nonmaskable interrupt sources: the ex-
ternal nonmaskable interrupt and the watchdog timer.
Their relative priorities are software selectable.

There are eight hardware priority interrupt levels, level
0 having the highest priority and level 7 the lowest. The
15 maskable interrupt sources (table 2) are divided into
five groups, and each group can, under program con-
trol, be assigned to any one of the priority levels.

Interrupts may be serviced by routines entered either
by vectoring or by context switching. Context switch-
ing automatically saves all the general registers, the
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program status word, and the program counter. Figure
7 illustrates the mechanism of context switching.

Finally, an optional macro service function transfers
data between any one special function register and
memory without program intervention.

Figure 7. Hardware Context Switching

Figure 8. Macroservice Pointer Addresses

Current Active Register New Active Register
Bank Bank
AX AX
BC BC
ve
RP2 Sa PC
Save Area
Save pPSW
RP3 Save Area
vP vP
upP uP
OE DE
HL HL
Program
Counter
Load
Program
Status Word
S3RC-54824

15 8 7 0 Channel
MSPa FEEOH
L l mscs | FeE2H } ¢
MsP5 FEEGH }
FEE7TH|  sFAPs l wsce | Feeen |
2‘;35‘1‘" MSP8 FEEBH } ]
FEEBH | SFAPS J mMscs | FEEAH
MSP7 FEECH
FEEFH|  SFRP? J mMsc7 | FEEEH } !
MSPO FEFOH
FEF3H|  SFRPO I MSCo | FEFeH } 0
MSP1 FEF4H
FEF7TH|  SFRP1 J MSGC1 FEFGH } !
::gf:f’ MSP2 FEFH } ,
FEFBH|  SFRP2 I mMsC2 | FEFAH
MSP3 FEFCH
FEFEH| SFRP3 L MSC3 | FEFEH } :
Note:

[1] The macro service pointers share storage with register banks 0 and 1.
[2] MSP=Mamory address pointer

SFRP=Speclal function register pointer

MSC=Transfer counter

83RC-0463A

Macro Service

The macro service controller can be programmed to
perform word or byte transfers. it can transfer data
from a special function register to memory or from
memory to a special function register. Transfer events
are triggered by interrupt requests and take place
without software intervention.

There are eight macro service channels; channel con-
trol information is stored in RAM. This information
(figure 8) consists of a 16-bit memory address (option-
ally incremented at each transfer), and 8-bit special
function register designator, and an 8-bit transfer
counter (decremented at each transfer). When the
count equals 0, a context switch or vectored interrupt
occurs,

13
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Table 1. Special Function Registers

Address Register (SFR) Symbol R/W 16-Bit Transfer State After Reset
FFOOH 11O port 0 PO RW No Undefined
FFO1H /O port 1 P1 RW No Undefined
FFO2H /O port2 P2 RW (Note 1) No Undefined
FFO3H /O port 3 P3 RW (Note 1) No Undefined
FFO4H /O port 4 P4 RW No Undefined
FFOSH /0 port 5 P5 RW No Undefined
FFO8H Capture/compare register 00 CROOL  CROO RW Yes Undefined
FFOSH CROOH
FFOAH Capture/compare register 01 CROIL  CRot1 RW Yes Undefined
FFO8H CRO1H
FFOCH Capture/compare register 10 CR10L CR10 RW Yes Undefined
FFODH CR10H
FFOEH Capture/compare register 11 CR11L CR11 RW Yes Undefined
FFOFH CR11H
FF10H Capture register 0 (from FRC) CPTOL CPTO RW Yes Undefined
F1iH CPTOH
FF12H Capture register 1 (from FRC} CPTIL CPT1 RW Yes Undefined
FF13H CPT1H
FF14H PWM register O (duration) PWMOL PWMO RW Yes Undefined
FF15H PWMOH
FFi6H PWM register 1 (duration) PWM1L PWM1 RwW Yes Undefined
FF17H PWMTH
FF1CH Presettable up/down counter 0 UbCoL  uDCo RW Yes Undefined
FF1DH UBCoH
FF1EH Presettable up/down counter 1 ubCiL ubci RW Yes Undetined
FF1FH UDC1H
FF20H Port 0 mode register PMO RW Neo FFH
FF21H Port 1 mode register PM1 RW No FFH
FF22H Port 2 mode register PM2 RW (Note 1} No FFH
FF23H Port 3 mode register PM3 RW (Note 1) No FFH
FF25H Port 5 mode register PMS RW No FFH
FF32H Port 2 mode control register PMC2 RW No OFH
FF33H Port 3 mode control register PMC3 RW No OFH
FF38H Reak-time output port control register RTPC RW No 08H
FF3AH Port 0 buffer register (Note 2) POL POH RW Ne Undefined
FF3BH
FF40H Memory expansion mode register MM RW No 30H
FF41H Refresh mode register RFM RW No 10H
FF42H Watchdog timer mode register WDM RW No O0H
FF44H Standby control register STBC R/W No 2nH
{Note 3)
FF46H Timebase mode register TBM RW No 00H
FF48H External interrupt mode register INTM RW No 00H
FF4AH In-service priority register ISPR R No 00H
FF4EH CPU control word ccw RW No 00H

14
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Table 1. Special Function Registers (cont)

Address Register (SFR) Symbol RW 16-Bit Transfer State After Reset

FF50H Serial communication mode register SCM AW No OOH

FF52H Serial communication control sCC RW No 00H
register

FF53H Baud rate generator BRG RW Ne O0H

FF56H Serial communication receive buffer RXB R No Undefined

FF57H Serial communication transmit TXB w No Undefined
buffer

FF60H Free-running counter control register FRCC RW No O00H

FF64H Capture mode register CPTM RW No 00H

FF66H PWM mode register PWMM RW No 00H

FF68H A/D converter mode register ADM RW No 00H

FFeAH A/D converter result register ADCR R No Undefined

FF70H Count unit input mode register cumM RW No 00H

FF72H Up/down counter control register 0 upcco RW No 00H

FF74H Capture/compare control register CRC RW No 00H

FF7AH Up/down counter control register 1 ubcct RW No 00H

FF80H Timer O control register TMCO RW No ooH

FF82H Timer 1 control register T™MCH RW No 00H

FF8sH Timer 0 TMOL  TMO RW Yes Undefined

FF8oH TMoH

FF8AH Modulus/timer register 0 MDOL MDO RW Yes Undefined

FF8BH MDoH

FF8CH Timer 1 TMIL M1 RW Yes Undefined

FF8DH TMH

FF8EH Modulus register 1 MD1L MDY RW Yes Undefined

FF8FH TMIH

FFBOH to External area (Note 4)

FFBFH

FFCOH CRFOQO interrupt control CRIC00 RW No 47H
Up/down counter O

FFC1H CRF0O0 macro service controf CRMS00 RW No Undefined
Up/down counter 0

FFC2H CRFO1 interrupt control CRICO1 RW No 47H
Up/down counter O

FFC4H CRF 10 Interrupt control CRIC10 RW Ne 47H
Up/down counter 1

FFCSH CRF10 macro service control CRMS10 RW No Undefined
Up/down counter 1

FFC6H CRF 11 interrupt control CRIC11 RW No 47H
Up/down counter 1

FFC8H EXIF0 interrupt control EXICO RW No 47H
External interrupt INTEO

FFCOH EXIFO macro service control External EXMS0 RW No Undefined
interrupt INTEQ

FFCAH EXIF1 interrupt control EXICY RW No 47H

External interrupt INTE1{

15
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Table 1. Special Function Registers (conf)

Address Register (SFR) Symbol R/W 16-Bit Transfer State After Reset

FFCBH EXIF1 macro service control EXMS1 RW No Undefined
External interrupt INTE1

FFCCH EXIF2 interrupt control EXIC2 RW No 47H
External interrupt INTE2

FFCDH EXIF2 macro service control EXMS2 RW No Undefined
External interrupt INTE2

FFCEH TMFO interrupt control TMICO RW No 47H
Timer flag

FFCFH TMFO macro service control TMMSO RW No Undefined
Timer flag

FFDOH TMF1 interrupt control TMIC1 RW No 47H
Timer flag

FFD1H TMF1 macro service control TMMS1 RW No Undefined
Timer flag

FFD2H TMF2 interrupt control TMIC2 RW No 47H
Timer flag

FFD3H TMF2 macro service control TMMS2 RW No Undefined
Timer flag

FFDAH Receive error interrupt control SEIC RW No 47H
Serial port

FFDCH Receive interrupt control SRIC RW No 47H
Serial port

FFDDH Receive macro service control SRMS RW No Undefined
Serial port

FFDEH Transmit interrupt control STIC RW No 47H
Serial port

FFDFH Transmit macro service control STMS RW No Undefined
Serial port

FFEOH A/D converter interrupt control ADIC R/W No 47H

FFE1H A/D converter macro service control ADMS RW No Undefined

FFE2H Timebase counter interrupt control TBIC RW No 47H

Notes:

Q
@

Bits 0-3 of port 2 and of port 3 are read-only.

POH and POL are 4-bit buffer registers used to store data to be
loaded into the high and low nibbles of the reaktime output (P0).
The high order 4 bits of POH and the low order 4 bits of POL are
used.

Bit 3 of the STBC is not affected by RESET (n = 0 or 8}.

External registers interfaced with these addresses can be ac-
cessed by special function register addressing.

CRC]

16
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Table 2. Interrupt Sources and Vector Addresses

Default Priority Mnemonic Interrupt Source Macroservice Vector

Software — BRK Break instruction No 003EH
Nonmaskable interrupts NMI External nonmaskable interrupt No 0002H
— WDT Watchdog timer No 000AH

Maskable interrupts [¢] CRF00 Up/down counter 0 Yes 001AH
1 CRFO1 Up/down counter 0 No 001CH

2 CRF10 Up/down counter 1 Yes 001EH

3 CRF11 Up/down counter 1 No 0020H

4 EXIFO External interrupt 0 Yes 0004H

5 EXIF1 External interrupt 1 Yes 0006H

6 EXiF2 External interrupt 2 Yes 0008H

7 TMFO Timer flag 0 Yes 000EH

8 TMF1 Timer flag 1 Yes 0010H

9 TMF2 Timer flag 2 Yes 0012H

10 SEF Serial port error No 0022H

1 SRF Serial port receive buffer Yes 0024H

12 STF Serial port transmit buffer Yes 0026H

13 ADF A/D converter done flag Yes 0028H

14 TBF Timebase counter flag No 000CH

Reset — RESET External reset line — 0000H

17
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Ta = +25°C

Power supply voltage Vpp -0.5t0 +7.0V
Reference voltage, AVRer -0.5VtoVpp +03V
Power supply return, AVgg -05to +05V

input voltage, V4
(except RESET of uPD78P3124)

-0.510 +Vpp + 05

Input voltage, Vi
(RESET of uPD78P312A only)

-05t0 +135V

Absolute Maximum Ratings (cont)

Output current, high; loy; total,
all output pins (UPD78P312A)

-15 mA

Operating temperature, Topt

-10 to +70°C

Storage temperature, Tg1g

-65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
specified under DC and AC characteristics.

Operating Frequency

Output voltage, Vg -0.5to Vpp +0.5V Oscillator Frequency fyx Ta Vbp
Output current, low; Ig 4mA  4MHz < f, < 12 MHz ~10 to +70°C +5.0V 10%
(single pin)
Output current, low; I ; total, 100 mA Capacitance
all output pins (UPD78312/310A) Ta= +25°C;Vpp = Vgg = OV
Output current, low; lg; total, 60 mA Parameter Symbol Max Unit Conditions
all output pins M?D78P312A) Input capacitance Cy 10 pF f=1MHz;
s e o ™ oupctoee Gy m e e
Output current, high; Igy; total, —25ma YO capacitance Co 2 pPE__OV.
all output pins (UPD78312/310A)
DC Characteristics
Ta= -1010 +70°C; Vpp = +5.0V £5%;Vgg = OV
Parameter Symbol Min Typ Max Unit Conditions
Input low voltage Vit 0 0.8 Except EA on uPD78310A/312A
ViLz 0 05 v EA on (UPD78310A/312A only)
Input high voltage ViH1 22 VoD v Except P2g/NMI, X1, X2, RESET
ViHz 38 Vop v P2g/NMI X1, X2, RESET
Qutput low voltage VoL 0.45 v lop = 20 mA
Output high voltage VoH Vpp -1 v lon = -1 mA
Input current Iy +10 LA P2/NMI, RESET V| = 0.45V to Vpp
Input leakage current i *10 HA
Input/output leakage current Lo *10 A
AVREF current Alper 1.5 5 mA foLk = 6 MHz
Vpp supply current oDt 30 €0 mA Operating mods; foix = 6 MHz
Ipp2 5 15 mA Halt mode; fc k = 6 MHz
Data retention voltage VppoR 25 v Stop mode
Stop mode supply current loobr 3 15 LA Stop mods; Vpppg = 2.5V
10 50 A Stop mode; Vpppg = 5.0V £10%

18
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AC Characteristics

Ta = -10t0 +70°C; Vpp = +5.0V £10%; Vgg = 0V

Parameter Symbol Min Typ Max Unit Conditions

Read/Write Operation

System clock cycle time tovk 166 1000 ns (Note 1)

Address setup time to ALE { tsaL 150 ns

Address hold time after ALE { tHiA 30 ns (Note 4)

Address to RD | delay time toaR 230 ns

RD ¢ to address floating tFRA 0 ns

Address to data input tpaip 410 ns

ALE | to data input tbLip 230 ns

RD 4 to data input tpRID 180 ns

ALE ¢ to RD ¢ delay time toLR 80 ns

Data hold time after RD t tHRID 0 ns

RD 1t to address active toRA 50 ns

RD t to ALE t delay time 1pRL 100 ns

RD width low twRL 200 ns

ALE width high WLH 120 ns

Address to WR | delay time tpaw 300 ns

ALE } to data output tbLoD 190 ns

WR | to data output towon 100 ns

ALE { to WR | delay time (Note 2) tow 30 ns
110 ns During refresh mode

Data setup time to WR tsoDWR 150 ns

Data setup time to WR ¢ (Note 3) tSODWF 30 ns During refresh mode

Data hold time to Wi t tHwop 20 ns {Note 4)

WR 110 ALE t delay time towL 110 ns

WR width low twwi 200 ns

Serial Port

Serial clock cycle time tovsk 1.33 us SCK output (Note 5)
1.33 us CTS output {Nots 6)

1 us CTS input (Note 7)

Serial clock low-leve! width twskL 680 ns SCK output (Note 5)
580 ns CTS output (Note )
420 ns CTS input (Note 7)

Serial clock high-level width twskH 580 ns SCK output {Note 5)
580 ns CTS output (Note 6)
420 ns CTS input (Note 7)

CTS high, low level twesH, twesL 3 teyk Asynchronous mode

RxD setup time to TTS ¢ tSRXSK 80 ns

RxD hold time after CTS tHSKRX 80 ns

8CK | to TxD delay time tosKTX 210 ns

19
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions

A/D Converter

Ta = -10°C to +70°C; Vpp = +5V +10%; AVgeg = 4.0V to Vpp; AVgs = Vgg = 0V

Resolution 8 Bit

Fuli scale error 0.4 % teyk = 166 to 500 ns

Quantization error *1/2 LSB

Conversion time tcoNy 180 tovk toyk = 16610250 ns
120 tovk toyk = 250 to 500 ns

Sampling time tsAmp 36 tovk toyk = 166 to0 250 ns
24 tovk tcyk = 250 to 500 ns

Analog input voitage VIAN 0 AVRefr v

Input impedance RaN 1000 MQ

Analog reference voltage AVReF 4.0 Vob v

AVREF current AlRef 1.5 5.0 mA folK = 6 MHZ

Counter Operation

CI0, CI1 high, low levels tweiH: twell 3 tevk

CTRLO, CRTLY high, low levels tWCTH: tweTL 3 tevk

CTRLO, CTRL1 setup time tseTC! 2 teyk Operating mode of count

toCit unit is set to mode 3. Ct
input is set to rising edge
active.

CTRLO, CTRL1 hold time after tucicT 5 tovk

cit

CLRO. CLR1 high, low-level width tWCRH: WCRL 3 tovk

Cl0, C1 setup time to CTRL ts4cTCH 6 tovk Counter mode 4

CTRLO, CTRLY setup time to CI thacTel [ tovk Counter mode 4

Clo/CH, CTRLO/CTRL1 cycle time teyca 250 kHz Counter mode 4

External Interrupts and Reset

NMI high, low-level width WWNIHY TWNIL 10 us

INTEO high, low-level width twioks twioL 3 toyk

INTE1 high, low-level width twitHe twirL 3 tovk

INTER2 high, low-leve! width twizH: twigL 3 tovk

RESET high, low-level width twRSH: tWRSL 10 us

Vop rise, fali time tavD: tFvD 200 ps

Notes:

(1) Theinternalclock (fc k) equals the oscillation clock (fxx) divided (4) Hold time is measured with C| = 100 pF and R, = 2 kQ2load, and

by 2 or 8 as determined by bit 5 of the STBC. In this table, fyx = includes the period necessary to guarantee Voy and Vo,

12 MHz and fo i = fxx/2. . (5) l/O intertace mode transmit data at a data rate of 750 kbys.
During refresh operation, the WR signal falls to low level 1/2 clock ®)
cycle later than if there is no refresh.

@

I/O interface mode receive data, internal clock, at a data rate of
750 kb/s.

(7) In the /O interface mode this is the optional external clock for
received data at a maximum rate of 1 MB/s.

@

-~

When accessing data trom pseudostatic RAMs (e.g. uPD4168)
with the falling edge of the WR signal, the data setup time is
tsopwr instead of tgopwh.

20
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Oscillator Characteristics
Ta = -10t0 70°C; Vpp = +5.0V *10%; Vgg = AVgs = O V;

Timing Dependent on tcyk

Symbol Formula Min/Max Unit
4V < AVger = Vpp Y
5T - Mi ns
Oscillator Parameter Symbol Min  Max  Unit fsAL 1.5T - 100 "
t 27 - 100
Ceramic Oscillation fixx 4 12 MHz DA
resonator or frequency tpaID B35+ nT-170 Max ns
crystal 4 2+ n) T-100
resonator DLID ¢ n
4 154+n) T-70
External X1 input fy 4 12 MHz DRID (.5 +n)
clock frequency LR 0.5T-20 Min ns
X1inputrise,  txp txF 0 30 ns tpRL T-50
fall time toRA 05T - 30
X1 input high-  twxH, twxr 30 130 ns + - 50
low-level width WAL s+ o
twiH T-40
. 4 2T - 100
Recommended Ceramic Resonators DA
(uPD78310/312A) toLop 0.57 + 110 Max ns
External toLw 0.5T — 20 (normal operation) Min ns
Frequency Capacitance (pF) T - 50 (during refresh mode)
Manufacturer Part No. (MHz) Cct c2 tsoDWR (1.5 +n) T— 100
gﬁura:tadeg. CSA12.0MT 12.0 30 30 tSODWE 05T - 50
04 LG CST12.0MT 12.0 Included  Included towL T-50
twwti (1.5 + n) - 50
Recommended Circuits Notes:
(1) n is the number of additional wait cycles specified by the MM
Caramkc Resonator register.
or
Crystal Resonator Extamal Clock @ T = teyk = oLk = 2ffxx. foik is the internal sytem clock
(Notes) frequency.
(3) Any parameter not included in this table is not dependent on
X1 x2 fork

HCMOS Inverter

Notes:

1. When using a crystal resonator, the following extemnal capacttor
Is recommended:
C1=C2=15pF

2. Oscillator circult must be jocated as close as possible to the X1
and X2 pins.

3. To prevent nolse from affecting operation, avold locating other
signal lines within the shaded area.

SIYL-8830A
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Timing Waveforms

AC Timing Test Points
Vpp-1v
22VE—V(_ Tot __—>22V
045V L 0.8V<——"Points ———» 0.8V
BIRC-9483A
Read Operation
teyx
CLK

XK e XX

< tDAID

y

Pa7-Pag [ Address [low byte] b AoadDaa

N

tsaL < toup tHRID —>|
Mty A— {DRL
—» «—tFRA tDRA
twik —4 € tDRID
e—to R—> |e— twRL >
\ Y
5 /
n {DAR >
A3RC-94068
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Timing Waveforms (cont)

Write Operation
toyk
LK
P5;-PSg Address [high byte] x x
r—— t DLOD——>]
s
Pdz-Pdg Address (low byte] K Write Data )q x
fe———tga ——> tHA t HWOD
towoD [« > t soDwWR ——>
&‘ A
twiH—> twwi < t pwi
—> <— tSODWF
Tr=——"-—-- N
WA N R Z‘
e ) _A
toLw [« >
h3 tDLw
e tpaw » [Refresh mode]
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Timing Waveforms (cont)

Serial Port, I/O Interface Mode

Data Transmit

SCK / \

tDsKTX —
XD ><

Data Recelve

-l
toysk
twskL [e—— 'WSKH

C \ 7
—o— 7

tSAXSK —< > < tHSKRX
- X X

B3RC-9467B
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Timing Waveforms (cont)

Serial Port, Asynchronous Mode
Send Enable Input Timing

twesH twesL

CTs

B3RC-3468A

Counter Operation (Mode 3)

[<=twein

tscTCt tHelIcT
: r—~ tweTL —>|

L« tWCTH

D3 tweRL —)‘
i

CLR

83RC-94694

Count Timing Specification (Mode 4)

teves |

cio
©n)

tsacTel

CTRLO
(CTRLT)

BORC-S470A

External Interrupts
tWNIH € twaiL
NI 38V
0.8V
twioH—>] & twioL
INTED \

INTE1

INTE2

B3RC-MTIA

External Reset

RESET

I teyk |
BIRC-94734

Data Retention Timing

Vbp

BIRC-B474A
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PROM PROGRAMMING

The PROM in the uPD78P312A is an OTP or UVE EPROM
with an 8,192 x 8-bit configuration. The pins listed in
the table below are used to program the PROM.

When used in the normal operation mode, 5V +10% is
applied to the Vpp and Vpp pins. A voltage higher than
Vpp should not be applied to other pins.

The programming characteristics of the uPD78P312A
are identical to those of the uPD27C256A.

Pin Function

Vpp High voltage input (write/verify mode),
high-level input {read mode)

PROG High voltage input (write/verify mode, read modse)
Ag-A7 Address input (lower 8 bits)

Ag-Aq Address input (upper 8 bits)

Dg- D7 Data input (write mode}, data output (verify mode)
CE Program pulse input

CE Output enable input

Vpp Power supply pin

Notes:

(1) Mask the window of the UVE EPROM version to protectthe PROM
from being erased accidentally.

(2) The OTP EPROM version cannot be erased by ultraviolet rays
because it does not have a window.

Programming Setup

Programming socket adaptors PA-78P312CW/GF/GQ/L
are used to configure the uPD78P312A to fit a standard
PROM socket. Set the PROM programmer to program
the 27C256A. If the PROM programmer is an older
model, check that the programming voltage does not
exceed 12.5 volts.

26

Pin Functions, PROM Programming Mode

64-Pin Shrink DIP and QUIP, Plastic and Ceramic

1 mEV
v 2 [ o7
8871 s ) Ds
4 [ Ds
5 [0 04
°°°“{ s O 03
ceEd O 02
OEs O D1
A0 e 3 Do
A1 uj
A2 u} } Open
A3 1
A4 [J PROG
AS 2z  sify
p” % g = PP
A7 ee [3 r Open
§8 B
v g g ] A12
Ss S8 shan
<4
= [ a0
[ A9
[J A8
Open u
 t Open
uj
m)
VSS ul
u|
Y
[ Vss
Open al
Vs u

Notes:

[1] Vgg: Ground this pin.
[2) Open: Do not connect this pin.
83YL-684A
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Pin Functions, PROM Programming Mode (cont)

64-Pin Plastic QFP (bent leads)

g 3
O % 8xzmags
nonnoooooonn
— 3288c83858383849
cEO 0 13 01
OE[]2 50 [J DO
A0 3 a9 pd
A1 e MJ}Opsn
A20s a7 2
A3l]s 48 P PROG
A7 45 Vpp
AsU] s Lryn|
As ]9 wj}own
A7 10 uPD78P312AGF a2
On 41[J A12
Vss d 12 40 [0 A1
[ Bk} 39 [ A10
[ BT 38 [ A9
O s 370 A8
O 1s 38
Opens {17 ] ]
s ujJ’q"‘“
s 3p
SSN8ILENERBEN
gopooooooogoooo
— 1721 ~
> >
Notes:
Vgs: Ground this pin
Open: Do not connect this pin
83VL-BMZA
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Pin Functions, PROM Programming Mode (cont)

68-Pin PLCC
£ 2
> n Q
|8r"“"\f_kﬁ9>m>°8833885
DOoO0oQooooonpononn
— PPN eotON 85883885
QE[] 10 O 80[1 Do
A0 11 se]
A1 12 58]}Open
A2[113 5711
A3(] 14 s8[J PROG
Adl] 15 551 Vpp
As[] 16 s41
As[] 17 s3|] + Open
A7] 18 #PO78P312AL s2 3
O s s1 a2
vssjtzo soJ A1
| d21 agD A10
a7 40 A9
[m Fox] a7 1Cc
] 24 48] As
ODG“{[: 28 a5 ]}Opan
’\ ZSNDQOFNG) O O M~ OO »~ &N 443
NNNC’G(’)Q;(’)(’)OE’JGQVQ?
0 I I OB O S S
1= b3 %
] >w >m 8'
Notes:
[1] Vgg: Ground this pin.
[2] Open: Do not connect this pin.
83YL-68430
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PROM Programming Mode

When +6 V is applied to the Vpp pin and +125V is
applied to the PROG pin and Vpp pin, the uPD78P312A
enters the program write/verify mode. Operation in this
mode is determined by the setting of CE and OE pins
as indicated in the table below.

Mode CE ©OE Vpp Voo PROG
Write L H +125V +6V +125V
Verify H L

Program inhibit H H

Read (Note 2) L/H L +5V +5V +125V
Read (Note 3) L/H H

Notes:

(1) When +12.5V is applied to Vpp and +6 V is applied to Vpp, both
CE and OE must not be set to the low level (L) simultaneously.

(&) Data is output from the Dy - D7 pins.
(3) Dg- Dy are high impedance.

Recommended Conditions for Unused Pins

Table 3 describes how to set unused pins when pro-
gramming the PROM.

Table 3. Recommended Conditions for
Unused Pins

Pin Recommended Connection

POg - PO3 Connect to Vgg

P04, POs Open

P2y - P23 Connect to Vgg

P25 - P27, RFSH Open

P3q - P33, X1 Connect to Vgg

X2 Open

ANO-AN3, AVper, AVgs Connectto Vgg

P3, - P3;, P55 - PS;, RD, WR, ALE  Open

PROM Write Procedure

Data can be written to the PROM by using the following
procedure.

(1) Setthe pins not used for programming as indicated
in table 3, and supply +6 V to the Vpp pin, and
+12.5V to the Vpp and PROG pins.

{2) Provide the initial address.
(3) Provide write data.

(4) Provide a1 ms program pulse (active low) to the CE
pin.

(5) Use the verify mode to test the data. If the data has
been written, proceed to (7), if not, repeat steps (3)
to (5). If the data cannot be correctly written in 25
attempts, go to step (6).

(6) Classify the PROM as defective and cease write
operation.

(7) Provide write data and supply program puise (for
additional writing) for 3 ms times the number of
repeats performed between steps (3) to (5).

(8) Increment the address.

(9) Repeat steps (3) to (8) until the last address is
reached.

PROM Read Procedure

The contents of the PROM can be read out to the
external data bus Dg - D; by using the following proce-
dure,

(1) Set the unused pins as indicated in table 3.

(@ Supply + 5V to the Vpp pin and Vpp pin, and
+12.5V to the PROG pin.

(3) Input the address of the data to be read to the Ag to
Aq2 pins.

(4) Put an active low pulse of at least 1 us on the OE
pin.

(5) Data is output to the Dg to D7 pins.

Erasure

The UVE EPROM can be erased by exposing the win-
dow to light having a wavelength shorter than 400 nm,
including ultraviolet rays, direct sunlight, and fluores-
cent light. To prevent unintentional erasure, mask the
window.

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 15 W s/fcm?2 (ultraviolet ray
intensity x exposure time) is required to completely
erase written data. Erasure by an ultraviolet lamp rated
at 12,000 yW/cm?2 takes approximately 15 to 20 minutes.
Remove any filter on the lamp and place the device
within 2.5 cm of the lamp tubes.
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DC Programming Characteristics
Ta= 25 £5°C; Vjp = 120 20.5V;Vgg = OV

Parameter Symbol Symbol (Note) Min Typ Max Unit Condition
High-level input voltage Vin ViH 22 Vpop +0.3 v
Low-level input voitage Vi ViL -0.3 0.8 \%
Input leakage current Ve Vi 10 77y 0 < V)< Vppp
High-level output voltage VoH VoH Vpp-1 lon = ~1.0mA
Low-level output voltage VoL Vor 0.45 v lop = 20 mA
Output leakage current Lo — 10 uA 0 = Vo < Vppp OE = Viy
PROG pin high voltage ip — +10 pA
input current
Vppp power supply Vpor Voo 575 6.0 6.25 v Program memory write mode
voitage 45 5.0 55 v Program memory read mode
Vpp power supply Vpp Vpp 12.2 125 12.8 \% Program memory write mode
voltage Vpp = Vppp v Program memory read mode
Vppp power supply oo oD 10 30 mA Program memory write mode
current 10 30 mA Program memory read mode
CE= V), Vi=Vy
Vpp power supply current lpp lpp 10 30 mA Program memory write mode
CE = V), OE = V|
1 100 HA Program memory read mode
Notes:
(1) Corresponding symbols for the uPD27C256A
AC Programming Characteristics
Ta=2525C;Vp = 120 205V;Vgg = OV
Parameter Symbol Symbol (Note) Min Typ Max Unit Condition
Address setup time to CE + tsac tas 2 us
Data to OE | delay time tbpoo toes 2 us
Input data setup time to CE § tsinc 1os 2 us
Address hold time after CE t tHea taH 2 us
Input data hold time after CE t theio toH 2 us
Output data hold time after OE ¢ tHooD tor 0 130 ns
Vpp setup time before CE § tsvpc typs 2 us
Vppp setup time before CE ¢ tsvpe tvps 2 us
Initial program pulse width twit tpw 0.95 1.0 1.05 ms
Additional program pulse width twio torw 2.85 78.75 ms
PROG high-voltage input setup tspe 2 us
time before CE ¢
Address to data output time tpacD tace 2 us OE = Vy_
GE 4 to data output time tooop toe 1 us
Data hold time after OE t tHeoD tor 0 130 ns
Data hold time after address not valid tHAOD ton 0 ns OF = vy

Notes:

(1) Corresponding symbols for the uPD27C256A
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PROM Write Mode Timing

A12-AD X Effective address &
L A

—> r<— tsac 4>1 ke~ tyooD —>l thoa |«
\ —
D7-00 __ik Daiainput { oetaoupn Y4 4 Data Input ’E——
tsipe > e > | tyop 'sioc—>|  |e > < Hop

PROG /
YiL

> < tgpg

> < lsvpc

*’I < tsvpe

X 7 X 7
Vi
- < tppoo >
twiy twie
-— > —» < tDOOD
__ VH | 3 45
OE
Vie

Notes:

{11 Vppp must be applied before V pp Is applied and
must be removed after Vpp is removed.

[2] Vpp must not exceed +13 V Including overshoot voltage.

8VL-65448
PROM Read Mode Timing
A X
-A. Effective address
Ag-A12 - ective res: 4
OE
T\ /
tHcon
'pooD > >
<«———tpaop———> tHaoD > <
HI-Z L) Hi-Z
DpDy == = ————— — -'g Data output —g- -
BavL-845B
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INSTRUCTION SET

Instruction Set Symbols (cont)

The uPD78312A family instruction set features 8- and ~ Symbe! Definition
16-bit data transfer, arithmetic, and logic instructions ~ werd 16 bits of immediate data or label
and single-bit manipulation instructions. Stringmanip-  byte 8 bits of immediate data or label
u}atuon instructions are also mclgded. Branchinstruc- ;.08 8-bit two's complement displacement (immediate
tions exist to test individual bits in the program status data displacement value 128 to +127)
\,Nord’ the 16-bit accumu'aFor’ the Spec,'a' function reg- bit 3 bits of immediate data (bit position in byte), or
isters, and the saddr portion of on-chip RAM. Instruc- jabel
i ngei m 6 bytes d i the
Flons rangein lengthfro : 1to 6 bytes depending on . 3 bite of mvediate data
instruction and addressing mode.
laddr16 16-bit absolute address specified by an immediate
Flag Column Indicators address or label
Symbol Action $addr16 Relative branch address or label
(blank) No change addr16 16-bit address
\ iy N
0 Setto 0 taddri1 11-bit immediate address or label
addrit 0800H-OFFFH: 0B00H + (11-bit immediate
1 Setto 1
address), or label
X Set or cleared according to result addr5 0040H-007EH: 0040H + 2 X (5-bit immediate
P P/V indicates parity of result address), or labe!
\% P/V indicates arithmetic overflow A A register (8-bit accumulator)
R Restored from saved PSW X X register
B B register
Instruction Set Symbols c C register
Symbol Definition D D register
r RO, R1, R2, R3, R4, RS, R6, R7, R8, RY, R10, R1t1, E E register
R12, R13, R14, R15 H H register
2l RO, R1, R2, R3, R4, RS, Re, R7 L register
G c.B RO-R15 Register 0 to register 15
i AP0, RP1, RP2, RP3, P4, RPS, RP6, RP7T* AX Register pair AX (16-bit accumulator)
rp1 RPC, RP1, RPZ, RP3, RP4, RPS5, RP8, RP7* BC Register pair BC
p2 DE, HL, VP, UP DE Register pair DE
sfr Special function register, 8 bits HL Register pair HL
sfrp Special function register, 16 bits RPO- Register pair 0 to register pair 7
post RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits RP7
set to 1 indicate register pairs to be pushed/ PC p
popped to/from stack; RP5 pushed/popped by rogram counter
PUSH/POP, SP is stack pointer; PSW pushed/ SP Stack pointer
popped by PUSHU/POPU, RP5 is stack pointer. up User stack pointer (RP5)
mem Register indirect: [DE], [HL], [DE+ ], [HL+ ], [DE-], PSW
P
[HL-], [VP], [UP] rogram status word
Base Index Mode: [DE+ A], [HL+ A], [DE+ B], PSWH High-order 8 bits of PSW
[HL+B], [VP+ DE], [VP+ HL} PSWL Low-order B bits of PSW
Base Mode: [DE+ byte], [HL+ byte], [VP+ byte], cY Carry flag
[UP+ byte], [SP+ byte}] —
Index Mode: word [A], word [B], word [DE], word AC Auxiliary carry flag
[HL] Zz Zero tlag
saddr FE20-FF1FH: Immediate byte addresses one byte P/V Parity/overfiow flag
in RAM, or label .
S Sign flag
dd FE20-FF1FH: | i ito =
saddrp mmediate byte (bit0 = 0) TrF Table position flag

addresses one word in RAM, or label
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Instruction Set Symbols (cont)

Symbol Definition

RBS Register bank select flag

RSS Register set select flag

IE Interrupt enable flag

STBC Standby controi register

WDM Watchdog timer mode register

{) Contents of the location whose address is within

parentheses; (+) and (-) indicate that the address
is incremented after or decremented after it is

used

) Contents of the memory location defined by the
quantity within the sets of parentheses

xxH Hexadecimal quantity

Xy X High-order 8 bits and low-order 8 bits of X

*rp and rp1 describe the same registers but generate different
machine code.
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Instruction Set

Flags

Mnemonic  Operand Operation Bytes S AC PV Cy SUB

8-Bit Data Transfer

MOV r1, #byte rt « byte 2
saddr, #byte (saddr) « byte 3
sfr, #byte sfr « byte 3
nrl rerl 2
Al Aerl 1
A, saddr A « (saddr) 2
saddr, A (saddr) « A 2
saddr, saddr (saddr) « (saddr) 3
A, sfr A « sfr 2
sfr, A sfr« A 2
A, mem (Note 1) A « (mem) 1
A, mem A « (mem) 2-4
mem, A (Note 1) {mem) « A 1
mem, A (mem) « A 2-4
A, [saddrp] A « ((saddrp)) 2
[saddrp], A {(saddrp)) « A 2
A, 'addrié A « (addr1g) 4
laddr16, A (addrig) « A 4
PSWL, #byte PSWL « byte 3 X X X X X
PSWH, #byte PSWH « byte 3
PSWL, A PSWL « A 2 X X X X X
PSWH, A PSWH « A 2
A, PSWL A« PSWL 2
A, PSWH A « PSWH 2

XCH A, rl Aot 1
rri reri 2
A, mem A e (mem) 2-4
A, saddr A & (saddr) 2
A, sfr A« sfr 3
A, [saddrp] A « ((saddrp)) 2
saddr, saddr (saddr) «» (saddr) 3

16-Bit Data Transfer

MOVW rp1, #word rp1 < word 3
saddrp, #word (saddrp) « word 4
sfrp, #word sfrp « word 4
p, rpt p « 1pi 2
AX, saddrp AX « (saddrp) 2
saddrp, AX (saddrp) « AX 2
saddrp, saddrp (saddrp) « (saddrp) 3
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pPD78312A Family

Instruction Set (cont)

Flags

Mnemonic  Operand Operation Bytes S Z AC PV CY suB

16-Bit Data Transfer (cont)

MOVW (cont) AX, sfrp AX « sfrp 2
sfrp, AX sfrp « AX 2
rp1, laddri6 rp1 « (addri6) 4
laddr16, rp1 (addr16) « rp1 4

XCHW AX, saddrp AX < (saddrp) 2
AX, sfrp AX « sfrp 3
saddrp, saddrp (saddrp) « (saddrp) 3
p, rpt p < rpi 2

8-Bit Arithmetic

ADD A, #byte A, CY « A + byte 2 X X X v X 0
saddr, #byte (saddr), CY < (saddr) + byte 3 X X X v X 0
sfr, #byte sfr, CY « sfr + byte 4 X X X \ X ¢]
rr CYe—r+ 11 2 X X X \ X 0
A, saddr A, CY « A + (saddr) 2 X X X v X 0
A, sfr A, CY« A+ st 3 X X X v X 0
saddr, saddr (saddr), CY « (saddr) + (saddr) 3 X X X v X 0
A, mem A, CY«~ A+ (mem) 2-4 X X X v X 0
mem, A (mem), CY « (mem) + A 2-4 X X X ' X 0

ADDC A, #byte A, CY <« A+ byte + CY 2 X X X v X 0
saddr, #byte (saddr), CY « (saddr) + byte + CY 3 X X X \% X 0
sfr, #byte sfr, CY « sfr + byte + CY 4 X X X v X 0
r, rl LCYe«r+ 11+ CY 2 X X X v X 0
A, saddr A, CY « A+ (sadd) + CY 2 X X X Vv X 0
A, sfr A, CY <« A+ sfr + CY 3 X X X v X 0
saddr, saddr (saddr), CY <« (saddr) + (saddr) + CY 3 X X X v X 0
A, mem A, CY« A+ (mem) + CY 2-4 X X X \ X 0
mem, A (mem), CY « (mem) + A + CY 2-4 X X X v X (o]

SuUB A, #byte A, CY « A-Dbyte 2 X X X v X 1
saddr, #byte (saddr), CY « (saddr) - byte 3 X X X v X 1
sfr, #byte sfr, CY « sfr - byte 4 X X X \Y X 1
rr LCYer-n 2 X X X v X 1
A, saddr A, CY « A — (saddr} 2 X X X v X 1
A, sir A, CY «— A-sfr 3 X X X v X 1
saddr, saddr (saddr), CY « (saddr) — (saddr) 3 X X X % X 1
A, mem A, CY « A - (mem) 2-4 X X X v X 1
mem, A (mem), CY « (mem) ~ A 2-4 X X X \ X 1

35



pPD78312A Family NEC

Instruction Set (cont)

Flags

Mnemonic  Operand Operation Bytes S Z AC PNV CY SUB

8-Bit Arithmetic (cont)

SUBC A, #byte A, CY «- A-byte- CY 2 X X X v X 1
saddr, #byte (saddr), CY « (saddr) — byte - CY 3 X X X v X 1
sfr, #byte sfr, CY « sfr - byte - CY 4 X X X v X 1
nr LCY«r-rn-CY 2 X X X v X 1
A, saddr A, CY « A - (saddr) - CY 2 X X X v X 1
A, sfr A, CY«A-sfr-CY 3 X X X v X 1
saddr, saddr (saddr), CY « (saddr) - (saddr) - CY 3 X X X v X 1
A, mem A, CY « A- (mem) - CY 2-4 X X X \ X 1
mem, A (mem), CY « (mem) - A-CY 2-4 X X X v X 1

8-Bit Logic

AND A, #byte A« A/ byte 2 X X P 0
saddr, #byte (saddr) « (saddr) /" byte 3 X X P 0
sfr, #byte sfr« sfr /\ byte 4 X X P 0
r, 1 re—r/\rl 2 X X P 0
A, saddr A« AN (saddr) 2 X X P 0
A, str A A/ sfr 3 X X P 0
saddr, saddr (saddr)« (saddr) /\ (saddr) 3 X X P 0
A, mem A< AN (mem) 2-4 X X P 0
mem, A {mem) « (mem) N\ A 2-4 X X P 0

OR A, #byte A« AV byte 2 X X P 0
saddr, #byte (saddr) « (saddr) V byte 3 X X P 0
sfr, #byte sfr < sfr V byte 4 X X P 0
nn rerv/n 2 X X P 0
A, saddr A« AV (saddr) 2 X X P 0
A, str A« AV sk 3 X X P 0
saddr, saddr (saddr)« (saddr) V (saddr) 3 X X P 0
A, mem A<« AV (mem) 2-4 X X P 0
mem, A (mem) « (mem) V A 2-4 X X P o

XOR A, #byte A« A byte 2 X X P 0
saddr, #byte (saddr) « (saddr) *7 byte 3 X X P 0
sfr, #byte sfr « sfr 7 byte 4 X X P 0
rr rervrn 2 X X P ]
A, saddr A« AP (saddr) 2 X X P 0
A, sfr A A sfr 3 X X P 0
saddr, saddr (saddr)« (saddr) *¥ (saddr) 3 X X P 0
A, mem A« A (mem) 2.4 X X P 0
mem, A (mem) « (mem) ¥ A 2-4 X X P 0
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Instruction Set (cont)

Flags

Mnemonic  Operand Operation Bytes S Z AC PV CY SuB

8-Bit Logic (cont)

CMP A, #byte A - byte 2 X X X v X 1
saddr, #byte (saddr) - byte 3 X X X v X 1
sfr, #byte sfr - byte 4 X X X v X 1
rr r-rl 2 X X X \% X 1
A, saddr A -~ (saddr) 2 X X X \% X 1
A, sfr A - sfr 3 X X X \ X 1
saddr, saddr (saddr) — (saddr) 3 X X X v X 1
A, mem A - (mem) 2-4 X X X \% X 1
mem, A (mem) - A 2-4 X X X vV X 1

16-Bit Arithmetic

ADDW AX, #word AX, CY « AX + word 3 X X X v X 0
saddrp, #word (saddrp), CY <« (saddrp) + word 4 X X X v X o]
sfrp, #word sfrp, CY « sfrp + word 5 X X X v X 0
rp, rpt p, CY < p + 1p1 2 X X X \% X 0
AX, saddrp AX, CY « AX + (saddrp) 2 X X X \% X 0
AX, sfrp AX, CY « AX +sfrp 3 X X X v X 0
saddrp, saddrp (saddrp), CY « (saddrp) + (saddrp) 3 X X X v X 0

suBw AX, #word AX, CY « AX - word 3 X X X \ X 1
saddrp, #word (saddrp), CY « {saddrp) — word 4 X X X v X 1
sfrp, #word sfrp, CY « sfrp - word 5 X X X v X 1
rp, rpl rp, CY « 1p ~ rp1 2 X X X v X 1
AX, saddrp AX, CY « AX - (saddrp) 2 X X X v X 1
AX, strp AX, CY « AX - sfrp 3 X X X \ X 1
saddrp, saddrp (saddrp), CY « (saddrp) - (saddrp) 3 X X X \ X 1

CMPW AX, #word AX - word 3 X X X v X 1
saddrp, #word (saddrp) — word 4 X X X 1 X 1
sirp, #word sfrp — word 5 X X X \% X 1
rp, rpt rp — rpt 2 X X X % X 1
AX, saddrp AX ~ (saddrp) 2 X X X v X 1
AX, sfrp AX —strp 3 X X X v X 1
saddrp, saddrp (saddrp) ~ (saddrp) 3 X X X v X 1

Multiplication/Division

MULU r AX —Axrl 2

Dvuw r AX (quotient), r1 (remainder) « AX + r1 2

MULUW pt AX (high-order 16 bits), rp1 (low-order 18 bits) 2
« AX x rpt

DIVUX rpt AXDE (quotient), rp1 (remainder) « AXDE = rp1 2
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Instruction Set (cont)

Flags

Mnemonic  Operand Operation Bytes S Z AC PN CY SUB
Increment/Decrement
INC r1 Mer + 1 1 X X X \ 0

saddr (saddr) < (saddr) + 1 2 X X X v 0
DEC 1 rteri -1 1 X X X \ 1

saddr (saddr) « (saddr) - 1 2 X X X \' 1
INCW p2 p2 «1p2 + 1 1

saddrp (saddrp) < (saddrp) + 1 3
DECW p2 1p2 « 1p2 - 1 1

saddrp (saddrp) « (saddrp) - 1 3
Shift/Rotate
ROR n.n (CY, 117 « 11y, Mg « 1) X n times 2 P X 0
ROL . n (CY, Mg « 117, rimy 1 < ) X 0 times 2 P X 0
RORC n.n (CY < nrg, 1y« CY, riy_q < i) x ntimes 2 P X o]
ROLC r.n (CY <117, 11g«CY, riqe 1« i) x ntimes 2 P X 0
SHR i, n (CY « g, r7 <0, My_q < M) x n times 2 X X 0 P X 0
SHL [a ] (CY « 7, Mg« 0, 1y« 1y} x ntimes 2 X X 0 P X 0
SHRW phon (CY « 1plg, rplys < O, 1pip_y < 1Pty X N times 2 X X o] P X o]
SHLW rpt, n (CY « rplys, 1plg < O, P14 1 < tply) x n times 2 X X 0 P X 0
ROR4 [rp1] Azo < (P30 (P1)7-4 ¢ Ag-0r 2

(rpl)3-0 < (rP1)7-4
ROL4 {rp1] Azp < (Pl)7-a (P30« As-0r 2
(rp1)7-4 < {rPl)3-0

BCD Adjustment
ADJ4 Decimal adjust accumulator 1 X X X P X
Bit Manipulation
MOV1 CY, saddrbit CY « (saddrbit) 3 X

CY, sfrbit CY « sfrbit 3 X

CY, Abit CY < Abit 2 X

CY, X.bit CY « X.bit 2 X

CY, PSWH.bit CY « PSWH.bit 2 X

CY, PSWL.bit CY « PSWL bit 2 X

saddrbit, CY (saddr.bit) « CY 3

sfrbit, CY sfrbit « CY 3

Abit, CY A.bit < CY 2

X.bit, CY X.bit « CY 2

PSWH.bit, CY PSWH.bit « CY 2

PSWL.bit, CY PSWL.bit« CY 2 X X X X X
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Instruction Set (cont)

Flags
Mnemonic  Operand Operation Bytes 8§ 2Z AC PV CY SUB
Bit Manipulation (cont)
AND1 CY, saddrbit CY « CY A (saddrbit) 3 X
CY, /saddr.bit CY « CY A\ (saddrbiy) 3 X
CY, sfrbit CY « CY A\ sfrbit 3 X
CY, /sfrbit CY « CY A sfebit 3 X
CY, A.bit CY « CY A\ Abit 2 X
CY, /A.bit CY « CY A Abit 2 X
CY, X.bit CY « CY N\ X.bit 2 X
CY, /X.bit CY « CY A Xbit 2 X
CY, PSWH.bit CY « CY A PSWH.bit 2 X
CY, /PSWH.bit CY « CY A PSWHbit 2 X
CY, PSWL bit CY « CY /A PSWL.bit 2 X
CY, /PSWL.bit CY « CY /A PSWLbit 2 X
OR1 CY, saddrbit CY « CY V (saddrbit) 3 X
CY, /saddrbit CY « CY V (saddrbit) 3 X
CY, sfrbit CY « CY V sirbit 3 X
CY, /sfrbit CY « CY V sfebit 3 X
CY, A.bit CY « CY V Abit 2 X
CY, /A.bit CY « CY V Abit 2 X
CY, X.bit CY « CY V X.bit 2 X
CY, /X.bit CY « CY V Xbit 2 X
CY, PSWH.bit CY « CY V PSWH.bit 2 X
CY, /PSWH.bit CY « CY V PSWHbit 2 X
CY, PSWL.bit CY « CY V PSWL.bit 2 X
CY, /PSW L.bit CY « CY VY PSWLbit 2 X
XOR1 CY, saddr.bit CY « CY ¥ (saddrbit) 3 X
CY, sfrbit CY « CY 7 sfrbit 3 X
CY, Abit CY « CY ¥ Abit 2 X
CY, X.bit CY « CY *# X.bit 2 X
CY, PSWH.bit CY <« CY ** PSWH.bit 2 X
CY, PSWL bit CY « CY ¥ PSWL.bit 2 X
SET1 saddrbit (saddr.bit) « 1 2
sfrbit sfrbit « 1 3
A.bit A.bit« 1 2
X.bit X.bit « 1 2
PSWH.bit PSWH.bit « 1 2
PSWL.bit PSWL.bit « 1 2 X X X X X
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Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S AC PV CY SuB
Bit Manipulation (cont}
CLR1 saddr.bit ({saddrbit) < 0 2
sfrbit sfrbit « 0 3
A.bit Abit< 0 2
X.bit X.bit < 0 2
PSWH.bit PSWH.bit « 0 2
PSWL.bit PSWL.bit« 0 2 X X X X X
NOT1 saddr.bit (saddrbit) « (saddrbit) 3
sfrbit sfrbit « sfrbit 3
A.bit A.bit < Abit 2
X.bit X.bit < X.bit 2
PSWH.bit PSWH.bit « PSWH.bit 2
PSWL.bit PSWL.bit « PSWL.bit 2 X X X X X
SET1 (924 CY « 1 1 1
CLR1 cY CY«0 1
NOT1 cy CY « CY 1 X
Call/Return
CALL 'laddr16 (SP-1) « (PC + 3)iy, (SP-2) < (PC + 3), 3
PC « addr16, SP«SP -~ 2
rp1 (SP-1) «- (PC + 2)p, (SP-2) « (PC + 2)(, 2
PCyy « rply, PC| « rp1), SP« SP -2
[rp1] (SP-1) « (PC + 2}y, (SP - 2) « (PC + 2), 2
PCy = (rpt + 1), PC| = (rp1), SP <8P -2
CALLF laddrtt (SP-1) «- (PC + 2}y, (SP -2} « (PC + 2), 2
PCys.1¢ < 00001, PCyg_q laddril, SP « SP - 2
CALLT [addr5) (8P=1) « (PC + 1)}, (SP-2) « (PC + 1), 1
PCyy « (TPFx8000H + addr5 + 1),
PCL « (TPFX8000H + addrS), SP «
sP-2
BRK (SP-1) « PSWH, (8P - 2) « PSWL, (SP - 1
3}« (PC + N, (SP-4) « (PC + 1),
PC( « (003EH), PCyy « (003FH), SP « SP - 4,
1E <0
RET PCL « (SP),PCy« (SP + 1), SP« SP + 2 1
RETI PCL « (SP), PCyy « (SP + 1), PSWL « (SP + 2), 1 R R R R R
PSWH« (SP + 3),SP« SP + 4, E0S « 0
Stack Manipulation
PUSH post {(SP - 1) < rppy, (SP-2) < rpp_, SP « SP - 2} x 2
n (Note 2)
PSw (SP - 1) « PSWH, (SP-2) « PSWL, 8P« SP-2 1
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Instruction Set (cont)

Flags
Mnemonic  Operand Operation Bytes § Z AC PV CY SUB
Stack Manipulation (cont)
PUSHU post {{UP - 1) «rppy, (UP - 2) « rppy, UP « UP - 2} x 2
n (Note 2)
POP post {rppL « (SP), rppy; <~ (SP + 1)}, SP <SP + 2} xn 2
(Note 2)
pPSwW PSWL « (SP), PSWH < (SP + 1), SP«SP + 2 1 R R R R R R
POPU post {rppy « (UP), rppy «= (UP + 1), UP«UP + 2} x n 2
(Note 2)
MOVW SP, #word SP « word 4
SP, AX SP « AX 2
AX, SP AX « SP 2
INCW SP SP«<SP + 1 2
DECwW SP SP« 8P -1 2
Unconditional Branch
BR laddr16 PC « laddris 3
rp1 PCH < rpiy, PCL «rp1 2
[rp1] PCy « {rpt)y, PCL « (rp1)L 2
$addr16 PC « addr 16 2
Conditional Branch
BCor BL $addr16 PC « $addr 16 if CY = 1 2
(Note 3)
BNC or BNL $addr16 PC « $addr 16 if CY = 0 2
(Note 3)
BZ or BE $addr16 PC « $addr16ifZ = 1 2
{Note 3)
BNZ or BNE $addr16 PC « $addr16ifZ = 1 2
(Note 3)
BV or BPE $addrie PC « $addr16 if P/V = 1 2
(Note 3)
BNV or BPO $addr16 PC « $addr 16 if P/V = 0 2
(Note 3)
BN $addr1é PC « $addr16if S = 1 2
BP $addri6 PC«$addr16ifS =0 2
BGT $addr16 PC <« Saddr16if (P/V¥S)VZ =0 3
BGE $Saddr16 PC « $addr16 if P/V #S =0 3
BLT $addr16 PC « $addr 16 if P/V ¥ S = 1 3
BLE $addr16 PCe«$addr16if (P/V VS VZ=1 3
BH $addr16 PC « $addr16ifZV CY = 0 3
BNH $addr16 PC « $addr 16 ifZV CY = 1 3
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Instruction Set (cont)

Flags
Mnemonic  Operand Operation Bytes S Z AC PV CY SUB
Conditional Branch (cont)
BT saddrbit, $addr1i6  PC « $addr 16 if (saddrbit) = 1 3
sfrbit, $addri6 PC « $addr 16 if sfrbit = 1 4
A.bit, $addr16 PC « $addr 16 if Abit = 1 3
X.bit, $addr16 PC « $addr 16 if X.bit = 1 3
PSWH.bit, $addrié PC « $addr 16 if PSWH.bit = 1 3
PSWL.bit, $addr16 PC « $addr 16 if PSWL.bit = 1 3
BF saddrbit, $addr1i6  PC « $addr 16 if (saddrbit) = 0 4
sfrbit, $addr16 PC « $addr 16 if sfrbit = 0 4
A.bit, $addrig PC « $addr 16 if A.bit = 0 3
X.bit, $addrie PC « $addr 16 if X.bit = 0 3
PSWH.bit, $addr16 PC « $addr 16 if PSWH.bit = 0 3
PSWL.bit, $addr1ié PC « $addr 16 if PSWL.bit = 0 3
BTCLR saddrbit, $addri6  PC <« $addr 16 if (saddrbit) = 1 then reset 4
(saddrbit)
sfrbit, $addr16 PC < $addr 16 if sfrbit = 1 then reset sfrbit 4
A.bit, $addr16 PC « $addr 16 if A bit = 1 then reset A bit 3
X.bit, $addr1e PC « $addr 16 if X.bit = 1 then reset X.bit 3
PSWH.bit, $addr16 PC « $addr 16 if PSWH.bit = 1 then reset 3
PSWH.bit
PSWL.bit, $addri6 PC « $addr 16 if PSWL.bit = 1 then reset 3 X X X X X X
PSWL.bit
BFSET saddrbit, $addr16  PC « $addr 16 if (saddrbit) = O then set (saddtbit) 4
sfrbit, $addr16 PC « $addr 16 if sfrbit = 0 then set sfrbit 4
A.bit, $addr16 PC « $addr 16 if A.bit = 0 then set A.bit 3
X.bit, $addr16 PC « $addr 16 if X.bit = 0 then set X.bit 3
PSWH.bit, $addr16 PC « $addr 16 it PSWH.bit = 0 then set PSWH.bit 3
PSWL.bit, $addr16 PC « $addr 16 if PSWL.bit = 0 then set PSWL bit 3 X X X X X X
DBNZ 12, $addri6 12«12 -1, then PC « $addr 16 if (r2) # 0 2
saddr, $addr16 (saddr) < (saddr) - 1, then PC « Saddr 16 if (saddr) 3
=0
Context Switching
BRKCS RBn RBS5.g < n, PCyy « RS, PC_ « R4, R7 « PSWH, 2
R6 « PSWL, RSS « 0, [E«+ 0
RETCS laddri6 PCy « RS, PC| « R4, R5 « laddri6y, 3 R R R R R R

R4 <« laddrig, PSWH « R7, PSWL « R8, EQOS «
[¢]
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Instruction Set (cont)

Flags
Mnemonic  Operand Operation Bytes § Z AC PV CY SUB
String Manipulation
MOVM [DE+], A (DE+)« A, C«C-1EndifC=20 2
[DE-], A (DE-) <~ A, C« C-1EndifC =0 2
MOVBK [DE+], [HL+) (DE+) +~ (RL+), C+ C-1 EndifC = 0 2
[DE-], [HL (DE9) « (HL-),C« C-1EndifC = 0 2
XCHM [DE+], A (DE+)e A, C« C-1EndifC= 20 2
[DE-], A (DE-) & A, C« C-1EndifC= 0 2
XCHBK [DE+], [HL+] (DE+) «» (HL+), C— C-1EndifC = 0 2
[DE-], [HL-] (DE-) «» (HL), C— C-1EndifC = 0 2
CMPME [DE+], A (DE+)-A,C+~C-1EndifC=00rZ=0 2 X X X v X 1
[DE-]. A (DED) -A,C+— C-1EndifC=0o0rZ=0 2 X X X v X 1
CMPBKE [DE+], [HL+1] (DE+)-(HL+),C«~C-1EndifC=0o0rZ=10 2 X X X v X 1
[DE-], [HL-] (DE9) - (HL-), C— C-1 EndifC = OorZ=0 2 X X X v X 1
CMPMNE {DE+], A (DE+)-A,C+C-1EndifC=0o0rZ=1 2 X X X v X 1
[DE-], A (DE-)-A, C«- C-1EndifC=0o0rZ=1 2 X X X v X 1
CMPBKNE  [DE+], [HL+] (DE+) - (HL+),C+« C-1EndifC=0orZ =1 2 X x X v X 1
[DE-], [HL-] (DE-) - (HL-), C+~ C-1End ifC= OorZ = 1 2 X X X v X 1
CMPMC [DE+], A (DE+)-A,C«C1EndifC=00rCY=0 2 X X X v X 1
[DE-], A (DE-)-A, C«C-1EndifC=00rCY¥Y =20 2 X X X v X 1
CMPBKC [DE+], [HL+1] (DE+) ~ (HL+), C«-C-1EndifC = 0orCY =0 2 X X X v X 1
[DE-], [HL-] (DE-) = (HL-), C— C-1End ifC= 0 orCY = 0 2 X X X v X 1
CMPMNC  [DE+]. A (DE+)-A,C—C-1EndifC=0o0rCY = 1 2 X X X v X 1
[DE-], A (DE-)-A, C«C-1EndifC=00rCY =1 2 X X X % X 1
CMPBKNC [DE+]), [HL+] (DE+)-(HL+), C« C-1EndifC = OorCY =1 2 X X X \% X 1
[DE-], {HL-} (DE-) - (HL), C« C-1 End ifC = Qor CY = 1 2 X X X v X 1
CPU Control
MOV STBC, #byte STBC « byte 4
WDM, #byte WDM « byte 4
SWRS RSS « R3S 1
SEL RBn RBSy.g + n, ASS « 0 2
RBn, ALT RBS5.9 « n, RSS « 1 2
NOP No operation 1
E! |IE « 1 (Enable interrupt) 1
DI |E « 0 (Disable interrupt) 1
Notes:

(1) One byte move instruction when [DE], [HL], [DE+]}, [DE-],
[HL+], or [HL-] is specified for mem.

(@) rpp refers to register pairs specified in post byte. “n” is the
number of register pairs specified in post byte.

@

Either of the two mnemonics may be used.
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