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Description

The uPD78320, uPD78322, and uPD78P322 are mem-
bers of the K-Series® of microcontrollers. These 16/8-bit
microcontrollers—with a minimum instruction time of
250 ns at 16 MHz—are designed for high-speed, real-
time process control. They feature a 16-bit CPU, an
8-bit external data bus, eight banks of main registers,
an advanced interrupt handling facility, and a powerful
set of memory-mapped on-chip peripherals.

On-board memory includes 640 bytes of RAM and 16K
bytes of mask ROM, UV EPROM, or one-time program-
mable (OTP) ROM. A ROMIess version is also available.

The advanced interrupt handling facility has three
levels of programmable hardware priority control and
three methods of servicing interrupt requests, includ-
ing vectoring, hardware context switching, and macro
service.

The macro service facility reduces the CPU overhead
involved in servicing peripheral interrupts by transfer-
ring data between the memory-mapped special func-
tion registers (SFRs) and memory without the use of
time consuming interrupt service routines. In addition,
the macro service facility can be used to perform
certain CPU functions, such as event counting, math-
oriented data alterations, data comparisons, or A/D
converter buffering.

The combination of context switching, eight register
banks, and the macro service facility makes these
devices ideal for applications in the hard-disk drive and
tape drive markets.

K-Series is a registered trademark of NEC Electronics Inc.

Features

& Complete single-chip microcontroller
— 16-bit ALU
— 640 bytes of RAM
— 16K bytes of ROM (uPD78322)

3 Powerful instruction set
— 16-bit multiply and divide
— 1-bit and 8-bit logic instructions
— 8tring instructions

50269-1

Minimum instruction time: 250 ns at 16 MHz

O 3-byte instruction prefetch queue
0 Memory expansion

]

&)

— 8085 bus-compatible
— 64K-byte address space

Large /O capacity
— Up to 55 I/O port lines uPD78322/P322)
— Up to 37 I/O port lines (uPD78320)

Memory-mapped on-chip peripherals
(special function registers)

Real-time pulse unit

— 16/18-bit free-running timer

— 16-bit timer/event counter

— Six 16-bit compare registers

— Four 18-bit capture registers

— Six external interrupt/capture lines

— One external event counter/interrupt line
— Six timer-controlled output lines

10-bit, eight-channel A/D converter; on-chip sample
and hold amplifier

Two-channel serial communications interface
— Asynchronous serial interface (UART)

— Clock-synchronized interface

— Full-duplex, three-wire mode

— NEC serial bus interface (SBI) mode

— Dedicated baud-rate generator

Programmabile priority interrupt controller (three
levels)

Three methods of interrupt service

— Vectored interrupts

— Context switching with hardware save of all
general registers

— Macro service mode with choice of nine different
functions

Watchdog timer with dedicated output
STOP and HALT standby functions
5-volt CMOS technology
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Ordering Information

Operating
Part Number Temperature Range External Clock Package Package Drawing ROM
4PD78320GF -10to +70°C 8 to 16 MHz 80-pin plastic QFP P80OGF-80-3B9-1 ROMiess
GF(A) -40 to +85°C
GF(A1) -40to +110°C 8 to 12 MHz
GF(A2) —-40to +125°C
(PD78320L -10to +70°C 8 to 16 MHz 68-pin PLCC P68L-50A1-1
L(A) -40to +85°C
L{AT) -40to +110°C 8 to 12 MHz
L(A2) -40 to +125°C
pPD78322GF-xxx -10to +70°C 8 to 16 MHz 80-pin plastic QFP PBOGF-80-3B9-1 16K mask ROM
GF (A)-xxx -40 to +85°C
GF(A1)-xxx ~40 to +110°C 8 to 12 MHz
GF(A2)-xxx —40 to +125°C
pPD78322L-xxx -10to +70°C 8 to 16 MHz 68-pin PLCC PE&8L-50A1-1
L{A)-xxx -40 to +85°C
L(AT)-xxx -40 to +110°C 8 to 12 MHz
L(A2)-xxx -40to +125°C
uPD78P322GF -10to +70°C 8 to 16 MHz 80-pin plastic QFP P8OGF-80-3B9-1 18K OTP ROM
L -10to +70°C 8 to 16 MHz 68-pin PLCC P68L-50A1-1
pPD78P322KE -10to +70°C 8 to 16 MHz 80-pin ceramic LCC XBOKW-80A 16K UV EPROM
w/ window
KC -10to +70°C 8 to 16 MHz 68-pin ceramic LCC XE68KW-50A

w/ window

xxx indicates ROM code suffix
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Pin Configurations

68-Pin PLCC or Ceramic LCC
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Pin Configurations (cont)
80-Pin Plastic QFP or Ceramic LCC
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Pin Functions

Symbol First Function Symbol Second Function
PO; - PO; Port 0; 8-bit, bit-selectable VO port RTPq - RTP; Bit-selectable, timer-controlied, real-time output
port
P2q Port 2; 8-bit input port NMI External nonmaskable interrupt
P24 - P2g INTPO - INTPS Maskable external interrupts; edge-selectable
P2; INTP6/TI Maskable external interrupt or timer input
P3y Port 3; 5-bit, bit selectable /O port TxD Asynchronous serial transmit
P34 RxD Asysnchronous serial receive
P3, SO/SBO SO: serial data output for 3-wire serial /O mode.
SB0: I/O bus for NEC serial bus interface (SBI).
P33 SI/SBt St: serial data input for 3-wire serial IfO mode.
SB1: I/O bus for NEC serial bus interface (SBI).
P34 SCK Serial clock input or output
P4, - P4, Port 4; 8-bit, byte-selectable I/O port ADg - AD7 Low-order byte of external address/data bus
PSq - P57 Port 5; 8-bit, bit-selectable /O port Ag-Aqs High-order byte of external address bus
P75- P75 Port 7; 8-bit input port ANO - AN7 Inputs for A/D converter
P8q Port 8; 6-bit, bit-selectable /O port TO00 Timer (RPU) output lines
P8, TOO1
P8, TOO02
P8y TOO03
P8, TO10
P8s TO11
P9y Port 9; 4-bit, bit-selectable I/O port RD External read strobe
P9, R External write strobe
P9, - P93
ASTB External address latch strobe
EA External access control on yPD78320/
322; a high level enables access to on-
chip ROM; a low level is applied it all
program memory is external. Must be
tied low for the uPD78320.
RESET External system reset input
WDTO Watchdog timer output
X1 Crystal connection or external clock
input.
X2 Crystal connection; not necessary to
connect with external clock input.
AVRer A/D converter reference voltage input
AVpp A/D converter +5-volt power input
AVgg A/D converter ground
Voo +35-volt power input
Vss Ground
Vpp PROM write-verify power input on
HPD78P322 only. Must be tied to Vpp for
normal operation
NC Not connected internally. May be

connected to Vgg
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pPD78322 Family Block Diagram
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FUNCTIONAL DESCRIPTION
Central Processing Unit

The central processing unit (CPU) of the yPD78322
family features 16-bit arithmetic including 16-by-16-bit
multiply, both unsigned and signed, and 32-by-16-bit
unsigned divide (producing a 32-bit quotient and a
16-bit remainder). The signed multiply executes in 3.5
us and the divide in 5.38 us at 16 MHz.

A CALLT vector table and a CALLF area decrease the
number of bytes in the call instructions for commonly
used subroutines. A 1-byte call instruction can access
up to 32 subroutines through their addresses in the
CALLT vectortable. A 2-byte call instruction can access
any routine beginning in a specific CALLF area.

The internal system clock (fci k) is generated by divid-
ing the oscillator frequency by 2. Therefore, at the
maximum oscillator frequency of 16 MHz, the clock is 8
MHz. Since some instructions execute in two cycles,
the minimum instruction time is 250 ns.

On-Chip RAM

The uPD78322 family has a total of 640 bytes of on-chip
RAM. The upper 256-byte area (FEOOH-FEFFH) features
high-speed access of one word of data per internal
system clock andis known as “‘main RAM.” The remain-
der (FC80H-FDFFH) is accessed at the same speed as
external memory (1 byte per three internal system
clocks) and is known as “peripheral RAM.” The general
register banks and the macro service contro!l words are
stored in main RAM. The remainder of main RAM and
any unused register bank locations are available for
general storage.

On-Chip PROM

The uPD78322 contains 16K bytes of internal ROM; the
HPD78P322 contains 16K bytes of UV EPROM or one-
time programmable ROM. Instructions are fetched from
this on-chip memory at a maximum rate of 1 byte every
internal system clock through the high-speed fetch
mode. The uPD78320 does not have on-chip PROM.

External Memory

The uPD78322 family has a 64K-byte address space.
The uPD78322/P322 can access 0, 256, 4K, 16K, or 48K
bytes of external memory in the area from 4000H to
FFFFH. External memory can be either ROM or RAM
(or both) as required. The uPD78322/P322 have an 8-bit
wide external data bus and a 16-bit wide external

address bus. The low-order 8 bits of the address bus
are multiplexed to provide the 8-bit data bus and are
supplied by 1/O port 4.

High-order address bits are taken from port 5 as re-
quired. Address latch, read, and write strobes are also
provided. The memory mode register (MM) controls the
size of the external memory. It can be programmed for
0, 4, 6, or 8 bits from port 5 for the high-order address.
Any remaining port 5 bits can be used for /0.

The uPD78320 does not have ports 4 and 5. It has eight
dedicated high-order address lines and eight dedi-
cated address/data lines. All memory below address
FC80H must be external.

The programmable wait control register (PWC) allows
the programmer to specify one or two additional wait
states if they are required for low-speed memory or
external peripheral devices. These wait states for inter-
nal and external memory are specified independently.

Program Fetch

The uPD78322 family allows opcode fetch in the area
between 0000H and FFFFH under the following con-
straints: from FC80H to FDFFH, opcodes will be
fetched from the peripheral RAM; from FFEOH to
FFFFH, opcodes will be fetched from external memory
only. The uPD78322 family contains a 3-byte instruction
prefetch queue. The bus control unit can fetch an
instruction byte from memory during cycles in which
the execution unit is not using the memory bus.

instruction bytes can be fetched from on-chip memory
in either high-speed or ordinary fetch cycle mode. The
fetch cycle control register (FCC) is used to select the
mode. In high-speed fetch cycle mode, one internal
system clock is required to fetch each instruction byte
from on-chip memory. In ordinary fetch cycle mode,
each byte to be fetched requires three, four, or five
internal system clocks depending on the setting of the
PWC register.

Each instruction byte fetched from external memory
requires three, four, or five internal system clocks de-
pending on the setting of the PWC register.

CPU Control Registers

Program Counter. The program counter is a 16-bit
register that holds the address of the next instruction
to be executed. During reset, the program counter is
loaded with the address stored in locations 0000H and
0001H.
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Stack Pointer. The stack pointer is a 16-bit register
that holds the address of the last item pushed onto the
stack. It is decremented before new data is pushed
onto the stack and incremented after data is popped
off the stack.

CPU Control Word. The CPU control word (CCW)
selects the origin of the interrupt vector and CALLT
tables. If the TPF bit (bit 1) is zero, the origin is 0000H;
if the TPF bit is one, the origin is 8000H. The CCW is a
special function register located at address FFC1H.
The addresses of the vectors for the RESET input,
operation-code trap, and BRK instruction are fixed at
0000H, 0003CH, and 003EH, respectively, and are not
altered by the TPF bit.

Program Status Word. The program status word
(PSW) is a 16-bit register containing flags that are set or
reset depending on the results of an instruction. This
register can be written to or read from 8 bits at a time.
The high-order 8 bits are called the PSWH and the
low-order 8 bits are called the PSWL. The individual
flags can also be manipulated on a bit-by-bit basis. The
assignment of PSW bits follows.
7 6 5 4 3 2 1 0

PSWH | ur [mBsS2[RBs1|RBSO| 0 [ o[ o] o

7 6 5 4 3 2 1 0

PSWL ]s]z[nss]Ac]|E]PN|u]cv|

UF User flag

RBS2-RBSO Active register bank number

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

RSS Register set selection flag

AC Auxiliary carry flag (carry out of 3 bit)
IE Interrupt enable flag

PN Parity or arithmetic overflow flag

LT Interrupt priority level transition flag
cY Carry bit (or 1-bit accumulator for logic)

General Registers

There are sixteen 8-bit general registers, which can
also be paired to function as 16-bit registers. A com-
plete set of 16 registers is mapped into each of eight
program-selectable register banks stored in main RAM.
Three bits in the PSW identify active register banks.

Registers have functional names (like A, X, B, C for 8-bit
registers and AX, BC for 16-bit registers) and absolute
names (like R1, RO, R3, R2 for 8-bit registers and RPOQ,
RP1 for 16-bit registers). Each instruction determines
whether a register is referred to by functional or abso-
lute name and whether it is 8 or 16 bits.

Two possible relationships may exist between the ab-
solute and functional names of the first four register
pairs. The RSS bit in the PSW determines which of these
is active at any time. The effect is that the accumulator
and counter registers can be saved, and a new set can
be specified by toggling the RSS bit. Figure 1 illus-
trates the general register configuration.
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Figure 1. General Registers

Reglster Storage H RSS=0 oH
FESOH A(RY) I X{(R0) RSS=1
Bank 7 T T T !
AX (RPO) R I
] R P
B (R3) C(R2) RPo
Bank 8 ——— l
BC (RP1) A
] R N
" Ra RP1
Bank § ——————— [
RE2 A (RS) B X (R4)
| ]
o Re AX (RP2)
Bank 4 —————— |
RP3 B(R7) N C (Re)
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UP (RPS)
|
D{(R13) E(R12)
Bank 1 ———————
DE (RP6)
FEFQH H (R15) I L(R14)
Bank 0 [~ T T ]
HL (RP7)
FEFFH
FH EH
Addressing

The pPD78322 family features 1-byte addressing of
both the special function registers and the portion of
on-chip RAM from FE20H to FEFFH. The 1-byte sfr
addressing accesses the entire SFR area, whereas the
1-byte saddr addressing accesses the first 32 bytes of
the SFR area and 224 bytes of the main RAM.

The 16-bit SFRs and words of memory in these areas
can be addressed by 1-byte saddrp addressi ng, which
is valid for even addresses only. Since many instruc-
tions use 1-byte addressing, access to these locations
is almost as fast and as versatile as access to the
general registers,

There are nine addressing modes for data in main
memory: direct, register, register indirect with autoin-
crement or decrement, saddr, saddr indirect, SFR,
based, indexed, and based indexed. There are also
8-bit and 16-bit immediate operands. Figure 3 is the
memory map of the uPD78322 family.
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Figure 2. Memory Map
Primary Vector Table
0000H
Interrupt
Vector Table
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003FH _ _
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Special Function Registers

The input/foutput ports, timers, capture and compare
registers, and mode and control registers for both the
peripherals and the CPU are collectively known as
special function registers. They are all memory-
mapped between FFO0H and FFFFH and can be ac-
cessed either by main memory addressing or by 1-byte
SFR addressing. All except the port mode registers and
the asynchronous serial transmission shift register can

Table 1. Special Function Registers

be read under program control, and most can also be
written. They are either 8 or 16 bits, as required, and
many of the 8-bit registers are capable of single-bit
access as well.

Locations FFDOH through FFDFH are known as the
external access area. Registers in external circuitry,
interfaced and mapped to these addresses, can be
addressed with SFR addressing. Table 1 lists the spe-
cial function registers.

Access Unit (Bits)

Address Register Symbol R/W 1 8 16 State After Reset
FFOOH Port © PO RW X X — Undefined
FFO2H Port 2 P2 R — X — Undefined
FFO3H Port3 P3 RW X X — Undefined
FFO4H Port 4 P4 RW X X —_ Undefined
FFOSH Port5 P5 RW X X —_ Undefined
FFO7H Port 7 P7 R — X —_ Undefined
FFO8H Port 8 P8 RW X X — Undefined
FFO9H Port 9 P9 RW X X — Undefined
FFOAH-FFOBH Free-running counter (lower 16 bits)* TMOLW R — — X 0000H
FF1OH-FF11H Capture register X0 (lower 16 bits)* CTXoLW R — — X Undefined
FF12H-FF13H Capture register 01 (lower 16 bits)* CToILW R — — X Undefined
FF14H-FF15H Capture register 02 (lower 16 bits)* CTo2LW R — — X Undefined
FF16H-FF17H Capture register 03 (lower 16 bits)* CTo3LW R — — X Undefined
FF18H-FF19H Capture/compare register X0 {lower 16 bits)* CCXOLW  RW — — X Undefined
FF1AH-FF1BH Capture/compare register 01 (lower 16 bits)*  CCO1LW RW — —_ X Undefined
FF20H Port 0 mode register PMO w — X — FFH
FF23H Port 3 mode register PM3 w — X — xxx1 11118
FF25H Port 5 mode register PM5 w — X - FFH
FF28H Port 8 mode register PM8 W — X - xx11 11118
FF2oH Port 9 mode register PM9 w — X - xox 11118
FF2AH-FF2BH Free running counter (high 16 bits}* TMOUW R — — X 0000H
FF2CH-FF2DH Timer register 1 ™1 R —_ — X 0000H
FF30H-FF31H Capture register X0 (high 16 bits)* CTXoUW R — —_ X Undefined
FF32H-FF 33H Capture register 01 (high 16 bits)* CTo1uwW R — — X Undefined
FF34H-FF35H Capture register 02 (high 16 bits)* CTo2UuwW R — — X Undefined
FF36H-FF37H Capture register 03 (high 16 bits)* CTo3uwW R — — X Undefined
FF38H-FF 39H Capture/compare register X0 CcCexouw  RW — - X Undefined
(high 16 bits)*
FF3AH-FF3BH Capture/compare register 01 ccoiuw  RW — — X Undefined
(high 16 bits)*
FF40H Port 0 mode control register PMCO w — — Q0H
FF41H Real-time output port set register RTPS RW X X — 00H

11
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Table 1. Special Function Registers {cont)

Access Unit (Bits)

Address Register Symbol R/W 1 8 16 State After Reset
FF43H Port 3 mode control register PMC3 w — X — xxx0 0000B
FF48H Port 8 mode control register PMC38 w — X — xx00 0000B
FF4CH-FF4DH Baud rate generator BRG RW — — X Undefined
FF6QH Real-time output port register RTP RW X X — Undefined
FF61H Real-time output port reset register RTPR RW X X — 00H
FF&2H Port read control register PRDC R/W X X — 00H
FF68H A/D converter mode register ADM R/W X X — 00H
FF6AH A/D converter result register ADCR R — — X Undefined
(16-bit access)
FFeBH A/D converter result register ADCRH R — X — Undefined
(high 8 bits)
FF70H-FF71H Compare register 00 CMo0 RW — — X Undefined
FF72H-FF73H Compare register 01 CMO1 RW — — X Undefined
FF74H-FF75H Compare register 02 CMOo2 RW — — X Undefined
FF76H-FF77H Compare register 03 CMOo3 RW — — X Undefined
FF7CH-FF7DH Compare register 10 CM10 R/W — — X Undefined
FF7EH-FF7FH Compare register 11 CM11 RW X Undefined
FF80H Clock synchronized serial interface mode CSIM RW X X — 00H
register
FF82H Serial bus interface control register SBiC RW X X — 00H
FF86H Serial /O shift register sio R/W X X — Undefined
FF88H Asynchronous serial interface mode register ASIM RW X X — 80H
FF8AH Asynchronous serial interface status register  ASIS — X — 00H
FF8CH Serial receive buffer: UART RXB R — X — Undefined
FF8EH Serial transmit shift register: UART TXS w — X — Undefined
FFBOH Timer control register T™MC RW X X — 00H
FFBIH Baud rate generator mode register BRGM RW X X — 00H
FFB2H Prescalar mode register PRM RW X X — 00H
FFB8H Timer output control register 0 TOCO RW X X — 0C0H
FFBOH Timer output control register 1 TOCH RW X X — 00H
FFBFH Realtime pulse unit mode register RPUM RW X X — 00H
FFCOH Standby control register STBC R/W** X X — 0000 X000B
FFC1H CPU control word ccw RW X X — Q0H
FFC2H Watchdog timer mode register WDM R/W** X X — 00H
FFC4H Memory extension mode register MM RW X X — coH
FFC6H Programmable wait control register PWC R/W X X — 22H
FFC9H Fetch cycle control register FCC RW X X — 00H
FFDOH-FFDFH External access area RW X X — Undefined
FFEOH Interrupt request flag register OL IFOL/IFO RW X X X 00H
FFE1H Interrupt request flag register OH IFOH RW X X — OCH
FFE2H Interrupt request flag register 1L IF1L/IF1 RW X X X 00H

12
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Table 1. Special Function Registers (cont)
Access Unit (Bits)

Address Register Symbol R/W 1 8 16 State After Reset

FFE4H Interrupt mask flag register OL MKOL/ R/W X X X FFH
MKo

FFESH Interrupt mask flag register OH MKOH R/W X X — FFH

FFE6H Interrupt mask flag register 1L MK1L/ R/W X X X xxxx x111B
MK1

FFESH Priority selection buffer register OL PBoL/ R/W X X X Q0H
PBO

FFESH Priority selection buffer register OH PBOH RW X X — 00H

FFEAH Priority selection buffer register 1L PBIL/ RW X X X 00H
PB1

FFECH Interrupt service mode selection register OL ISMoL/ RW X X X QOH
1SMO

FFEDH Interrupt service mode selection register OH ISMOH RW X X — 00H

FFEEH Interrupt service mode selection register 1L ISMi1L/ R/W X X X 00H
1ISM1

FFFOH Context switch enable register OL CSEQL/ RW X X X 00H
CsEo

FEF1H Context switch enable register OH CSEOH RW X X - 00H

FFF2H Context switch enable register 1L CSE1L/ R/W X X 00H
CSE1

FFF4H External interrupt mode register 0 INTMO RW X — 00H

FFFSH External interrupt mode register 1 INTMH RW X X — 00H

FFF8H In-service priority register ISPR R — X — 00H

FFFOH Priority selection register PRSL RW X X — 00H

* Lower or upper 16 bits of an 18-bit register.
** Protected location: special instruction required for write.

Input/Output Ports

The uPD78322 family has six ports providing a total of
371/0Olines. PO, P3, P8, and P9 are tri-state input/output
ports of 8, 5, 6, and 2 bits, respectively; each bit can be
individually selected for input or output. P2 and P7 are
8-bit input ports.

P2 functions only in the control mode as input pins for
the NMI signal, the INTPO to INTPS interrupt signals,
and the INTP6/T! interrupt signal or external count
clock for timer 1 (Tl). However, any masked interrupt
automatically becomes an input line and the state of
all the pins can be read by the program using a read
instruction to port 2. Each pin of P2 can be pro-
grammed for rising, falling, or both rising and falling
edge detection.

The output level of the PO, P3, P8, and P9 I/O pins can
be tested to determine whether they agree with the
contents of the output latch. When the low-order bit of
port read control register PRDC is set to 1, the output

level of the 1/O pins can be read with the port stillinthe
output mode. These data values can be compared with
the data known to be in the output latch to determine if
the port is functioning correctly. Figure 3 shows the
structure of each port pin.

The uPD78322/P322 have two additional input/output
ports, P4 and P5, and two additional /O pins in P9, All
these I/O lines are available if external memory or
memory-mapped external circuitry is not being used.
Port 4 is shared with the low-order address/data bus
{ADo to AD7) and is byte-selectable for input or output.
Port 5 is shared with the high-order address bus (Ag to
Ass). Depending on the amount of external memory
used, either 8, 6, 4, or O bits are available for bit-
selectable 1/O. Port 9 is a 4-bit, bit-selectable 1/O port;
two of its pins are shared with the read and write
strobes.

13



uPD78322 Family

NEC

Figure 3. 1/O Circuits
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Real-Time Output Port

Port 0 can function on a bit-selectable basis as a
real-time output port. Selected bits can be directly
written under program control, or they can be set or
cleared under control of timing signals generated by
the real-time pulse unit. Timing by the latter method is
independent of interrupt latency.

A/D Converter

The analog-to-digital (A/D) converter (figure 4) uses the
successive-approximation method for converting up to
eight multiplexed analog inputs into 10-bit digital data.
The conversion time per input is 18 us at 16-MHz
operation. A/D conversion can be started by an exter-
nal interrupt, INTP5, or under software control.

Figure 4. A/D Converter

The A/D converter can operate in scan mode or select
mode. In scan mode, inputs ANO - AN3 or AN4 - AN7
can be programmed for conversion. The A/D converter
selects each of the four inputs in order, converts the
data, stores it in the A/D conversion result (ADCR)
register, and generates an interrupt (INTAD). This con-
verted data can be easily transferred to memory by the
macro service function. In select mode, any one of the
eight A/D inputs can be selected for conversion.

Oncethe A/D converter is started by INTPS or software,
conversion continues until it is disabled by software.
The ADCR register is continually updated and either
the full 10 bits or only the upper 8 bits of the conversion
can be read at any time.
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Serial Interface

The uPD78322 family has two independent serial inter-
faces with a dedicated baud-rate generator. The first is
a standard universal asynchronous receiver transmit-
ter (UART). The UART (figure 5) permits full-duplex
operation and can be programmed for 7 or 8 bits of
data after the start bit, followed by one or two stop bits.
Odd, even, zero, or no parity can also be selected.

Figure 5. Asynchronous Serial Interface
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83CL-9327B

16



NEC uPD78322 Family

The source of the serial clock for the UART is the
internal system clock (divided by 4) or the on-chip
baud-rate generator. The UART generates three inter-
rupts: INTST (transmission complete), INTSR (recep-
tion complete), and INTSER (reception error).

The second interface is an 8-bit clock-synchronized
serial interface (figure 6). It can be operated in either
three-wire serial I/O mode or NEC serial bus interface

(SBl) mode.
Figure 6. Clock-Synchronized Serial Interface
¢ intamel Bus I
P33/SVSB1
P3p /SO/SBO Selactor
o
Busy/
Acknowledge
N-ch Open-Drain Output Circuit
Output Possibla Bus Release/
Command/
Detacum'
Clrcult
Fag/SCK Sertal interrupt Signal
Clock | INTCSI
Counter Control Circult
Soral G l«—— Baud-Rate Generator
rial Clock fe—— 1oy /8
Control Clrcult MPX le—— fgt::m
83CL-93288
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In the three-wire serial I/O mode, the 8-bit shift register
(SIO) is loaded with a byte of data and eight clock
puises are generated. These eight pulses shift the byte
of data out on the SO line (either MSB or LSB first) and
in on the Sl line, providing full-duplex operation. This
interface can also be set to receive only or to transmit
only. The INTCSI interrupt is generated after each 8-bit
transfer. One of two internal clocks, an external clock,
or the internal baud-rate generator clocks the data.

The NEC SBI mode is a two-wire, high-speed propri-
etary serial interface available on most devices in the
NEC uPD75xxx and uPD78xxx product lines. Devices
are connected in a master/slave configuration (figure
7). There is only one master device at atime; all others
are slaves. The master sends addresses, commands,
and data over one of the serial bus lines (SBO or
SB1)using a fixed hardware protocol sysnchronized
with the SCK line.

Figure 7. SBI Mode Master/Slave Configuration

B

Master CPU Stave CPU
(SB1), S| S80, (SB1)
Address 1
SCK SCK
Slave CPU
SBO, (SB1)
Address 2
+—]scKk

{C
)

Slave IC

SB0, (S81)
Address N

SCK

SOCL-43204
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Each slave yPD78322 family can be programmed in
software to respond to any one of 256 addresses. There
are also 256 commands and 256 data types. Since all
commands are user-definable, any software protocol,
simple or complex, can be defined. It is even possible
to develop commands to change a slave into a master
and the previous master into a slave.

A dedicated baud-rate generator can be programmed
to provide the serial clock to both asynchronous and
clock-synchronized serial interfaces. By choosing the
correct oscillator frequency, the baud-rate generator is
capable of generating all of the commonly used baud
rates from 75 to 19,200 b/s.

Real-Time Puise Unit

The real-time pulse unit (RPU, figure 8) can function as
an interval timer to measure pulse widths and frequen-
cies, generate pulse-width modulated outputs, count
external events, and control the real-time output port. it
consists of 18-bit free-running timer TMO, 16-bit timer/
counter TM1, six 16-bit compare registers, four 18-bit
capture registers, two 18-bit registers (capture or com-
pare), and six timed output latches.

TMO always counts the internal system clock (divided
by 4 or 8) and can be reset by an external reset pulse
only. TM1 can count either the internal system clock
(divided by 8 or 16) or external events. TM1 can bereset
by a compare event (a match between a timer and an
associated compare register) or by an external signal
in INTPO.

Capture events can be triggered by external maskable
interrupts INTPO - INTP5, and compare events can gen-
erate interrupts, control timed output pins, or both. In
addition, interrupts INTCMO03 and INTCCX0 can control
the real-time output port

The timed output latches share the six pins of port P8,
Four latches can be toggled or set and reset by com-
pare events, and the remaining two can be toggled.
These latches, with the macro service facility, can
generate up to four pulse-width modulated outputs.
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Figure 8. RealTime Pulse Unit
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Interrupts

The uPD78322 family has 19 maskable hardware inter-
rupt sources: 7 external and 12 internal. The external
maskable interrupts share pins with port P2, Six of
them, INTPO to INTP5, can also be used to trigger

Table 2. Interrupt Sources

capture events in the real-time puise unit. In addition,
there are two nonmaskable interrupts, two software
interrupts, and RESET. The software interrupts, gener-
ated by the BRK or BRKCS instruction and the opera-
tion code trap, are not maskable. See table 2.

Vector Address

Type of Default Signal Macro Service
Request Priority Name Source Location Control Word TPF =0 TPF =1
Software — — Operation code trap CPU — 003CH
— — Break instruction CPU - 003EH
Nonmaskable — NMI NMI input pin External — 0002H 8002H
— INTWDT Watchdog timer overflow Internal - 0004H B004H
Maskable 0 INTOV Timer O overflow Internal FEOSH Q006H 8006H
1 INTPO INTPO pin External FEO8BH 0008H 8008H
2 INTP1 INTP1 pin External FEOAH O00AH 800AH
3 INTP2 INTP2 pin External FEOCH 000CH 800CH
4 INTP3 INTP3 pin Extarnal FEOEH 000EH 800EH
5 INTP4 INTP4 pin External FE10H 0010H 8010H
INTCCX0 CCX0 coincidence Internal
6 INTPS INTPS pin External FE12H 0012H 8012H
INTCCO1 CCO1 coincidence Internal
INTPE INTPS pin External FE14H 0014H 8014H
8 INTCMOO CMO0 coincidence Internal FE16H 0016H 8016H
S INTCMO1 CMO1 coincidence Internal FE18H 0018H 8018H
10 INTCMO2 CMO2 ceincidence Internal FE1AH 001AH 801AH
11 INTCMO3 CMO3 coincidence Internal FE1CH 001CH 801CH
12 INTCM10 CM10 coincidence Internat FE1EH 001EH 801EH
13 INTCM11 CM11 coincidence Internal FE20H 0020H 8020H
14 INTSER Asynchronous serial Internal — 0022H 8022H
Interface reception error
15 INTSR End of asynchronous serial Internal FE24H 0024H 8024H
Interface reception
16 INTST End of asynchronous serial Internat FE26H 0026H 8026H
Interface transmission
17 INTCSI End of clocked serial Internal FE28H 0028H 8028H
Interface transmission/reception
18 INTAD End of A/D conversion Internal FE2AH 002AH 802AH
Reset — RESET RESET pin External — 0000H

Interrupt Servicing

The uPD78322 family provides three levels of program-
mable hardware priority control and three different
methods of handling maskable interrupt requests:
standard vectoring, context switching, and macro ser-
vice. The programmer can choose the priority and
mode of servicing each maskable interrupt by using
the interrupt control registers.

20

Interrupt Control Registers

The uPD78322 family has ten 16-bit interrupt control
registers. Each bit in each register is dedicated to one
of the 19 maskable interrupt sources. The interrupt
request flag registers (IF0, IF1) contain an interrupt
request flag for each interrupt. The interrupt mask
registers (MKO, MK1) are used to enable or disable any
interrupt. The interrupt service mode registers (ISMQ,
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ISM1) specify whether an interrupt is processed by
vectoring or macro service.

The priority specification buffer registers (PBO, PB1), in
conjunction with the 8-bit priority specification register
(PRSL), can be used to specify one of three priority
levels for each interrupt. The context switching enable
flag registers (CSEO, CSE1) specify whether an inter-
rupt is processed by vectoring or context switching.

Two other 8-bit registers are associated with interrupt
processing. The in-service priority register (ISPR) is
used by the hardware to hold the priority level of the
interrupt request currently being serviced. It is manip-
ulated by hardware only, but it can be read by software.

The |E and LT bits of the program status word (PSW) are
also used to control interrupts. If the IE bit is zero, all
maskable interrupts, but not macro service, are dis-
abled. The IE bit can be set or cleared using the El and
D! instructions, respectively, or by directly writing to
the PSW. The IE bit is cleared each time an interrupt is
accepted. The LT bit is set by hardware when a newly
accepted maskable interrupt request is assigned a
priority higher than the interrupt currently being ser-
viced. The LT flag is used to control resetting the ISPR
register when a return instruction from an interrupt
service routine is executed.

Interrupt Priority

The two nonmaskable interrupts, NM! and WDT, have
priority over all others. Their priority relative to each
other is under program control.

Three hardware-controlled priority levels are available
for the maskable interrupts. Any one of the three levels
can be assigned by software to each of the maskable
interrupt lines. Interrupt requests of a priority equal to
or higher than the processor’s current priority level are
accepted; lower priority requests are held pending until
the processor’s priority state is lowered by a return
instruction from the current service routine.

Interrupt requests programmed to be handled by
macro service have priority over all software interrupt
service regardless of the assigned priority level, and
macro service requests are accepted even when the
interrupt enable bit in the PSW is set to the disable
state. See figure 9.

The “Default Priorities” listed in table 2 are fixed by
hardware; they are effective only when it is necessary
to choose between two interrupt requests of the same
software-assigned priority. For example, the default
priorities would be used after the completion of a
high-priority routine if two interrupts of the same lower
priority were pending.

Software interrupts, the BRK and BRKCS instructions,
and the operation code trap are executed regardless of
the processor’s priority level and the state of the IE bit.
They do not alter the processor’s priority level.

Figure 9. Interrupt Service Sequence

Interrupt Request —-l—: XxMKxx =1 (Interrupt Masked) Interrupt Pending.
WMKxx = 0 (Unmasked)

xxISMxx = 1 Macro Service.
xxISMxx = 0 Software Service.

01 Software Interrupt Pending.
El

xxCSExx = 0 Vactored Interrupt.

x(CSExx = 1 Context Switch.
83CL-0330A

Vectored Interrupt

When vectored interrupt is specified for a given inter-
rupt request, the program status word and the program
counter are saved on the stack. The processor’s prior-
ity is raised to that specified for the interrupt, the IE bit
inthe PSW is set to zero, and the routine whose address
is in the interrupt vector table is entered.

At completion of the service routine, the RET! instruc-
tion (or RETB instruction for software interrupts) re-
verses the process, and the uPD78322 family resumes
the interrupted routine,

21
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Context Switch

When context switching (figure 10) is specified for a
given interrupt, the active register bank is changed to
the register bank specified by the three low-order bits
of the word in the interrupt vector table. The program
counter is loaded from RP2 of the new register bank,
the old program counter and program status word are
saved in RP2 and RP3 of the new register bank, and the
IE bit in the PSW is set to zero.

At completion of the service routine, the RETCS in-
struction for routines entered from hardware requests,
or the RETCSB instruction for routines entered from
the BRKCS instruction, reverse the process. The old
program counter and program status word are re-
stored from RP2 and RP3 of the new register bank. The
entry address of the service routine, which must be
specified in the 16-bit immediate operand of these
return instructions, is stored again in RP2.

Macro Service

When macro service is specified for a given interrupt,
the macro service hardware temporarily stops the
executing program and transfers data between the

Figure 10. Context Switching and Return

special function register area and the memory space.
Control is then returned to the executing program,
providing a completely transparent method of interrupt
service. Macro Service significantly improves response
time and makes it unnecessary to save any registers.

For each request on the interrupt line, one operation is
performed, and an 8-bit counter is decremented. When
the counter reaches 0 (or when some other completion
condition is met), a software service routine is entered.
Either vectored interrupt or context switch can be
specified for entry to this routine, which is known as the
macro service completion routine, and the routine is
entered according to the specified priority.

Macro service is provided for all of the maskable inter-
rupt requests except INTSER, the asynchronous serial
interface receive error interrupt request. Each request
has a dedicated macro service control word stored in
on-chip main RAM. The function to be performed is
specified in the control word. See table 3.

Context Switch Return From Context Switch
Current Active Neaw Active Curment Active Former Active
Register Bank Ragister Bank Register Bank Register Bank
AX AX AX AX
Data, 16 Bits
BC B8C BC BC
PC PC
AP2 Save Area Save Area ] RP2
PSW psw |
RP3 r Save Area Save Area RP3
vP vP VP VP
up up up up
DE DE DE DE
HL HL HL HL
Program |/ Program
Counter  fe—— > Crggnter
Program Program
Status Word Status Word
83RD-67388
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Table 3. Macro Service Functions
Control Word
EVTCNT

Function

Event counter. Counts up to 256 events by
incrementing or decrementing the macro
service counter. When the counter reaches O0H,
the software service routine is entered.

DTACMP Data compare. If the value of the spsecial-
function register requesting macro service
matches a byte of data, the software service
routine is entered. This mode can be used to

detect an address match in SBI mode,

BITSHT Data shift. Shifts the contents of a specified
special function register one bit to the right
(toward the LSB). The software service routine
is entered when a data bit of 1 has been
shifted out from the LSB. This mode can be
used to control the reaktime output port by
shifting the values of the real-time output port
set or reset registers.

BITLOG Bit logic. Performs the logical AND or OR of a
data byte and the contents of the specified
special function register, stores the resuit back
in the SFR, and enters the software service

routine.

ADCBUF A/D converter buffering. Stores the contents of
the A/D conversion result register in a byte or
word buffer in main RAM (FExxH). When the
macro service counter reaches 0, A/D
conversion is stopped but no software service

routine is entered

BLKTRS Block transfer. Transfers a byte or word of data
in either direction between a specified special-
function register and a buffer anywhere in the

64K-byte address space.

DTADIF Data difference. Stores the difference between
the current value of a specified 16-bit special-
function register and its previous value in a

byte or word buffer in main RAM (FExxH).

DTADIF-P Data ditference with memory pointer. Stores the
difference between the current value of a
specified special function register and its
previous value in a byte or word buffer

anywhere in the 64K-byte address space.

DTAADD Data addition. Stores the sum of a byte or word
of data and a specified special function register
in the same or another specitied special-

function register.

Standby Modes

The standby modes, HALT and STOP, reduce power
consumption when CPU action is not required. In HALT
mode, the CPU is stopped but the system clock con-
tinues to run. The HALT mode is released by any

nonmaskable interrupt request, unmasked maskable
interrupt request, or an external reset pulse. In STOP
mode, both the CPU and the system clock are stopped,
further minimizing power consumption. The STOP
mode is released by either an external reset pulse or an
external NMI.

The HALT and STOP modes are entered by program-
ming standby control register STBC. This register is a
protected location and can be written to only by a
special instruction. If the third and fourth bytes of the
instruction are not complements of each other, the
datais not written and an operation codetrap interrupt
occurs.

Watchdog Timer

The watchdog timer protects against inadvertent pro-
gram loops. A nonmaskable interrupt occurs if the
timer is not reset by the program before it overflows. At
the same time, watchdog timer output pin WDTO goes
active low for a period of 32 system clocks. The WDTO
can be connected to the RESET pin or used to control
external circuitry. Three program-selectable intervals
are available: 8.19, 32.7, and 131.0 ms at 16 MHz.

Once started, the timer can be stopped only by an
external reset. Watchdog timer mode register WDM is
used to select the time interval, to set the relative
priority of the watchdog timer interrupt and NMI, and to
clear the timer. This register is a protected location and
can be written to only by a special instruction. If the
third and fourth bytes of the instruction are not com-
plements of each other, the data is not written and an
operation code trap interrupt occurs.

External Reset

The uPD78322 family is reset by taking the RESET pin
low. The reset circuit contains a noise filter to protect
against spurious system resets caused by noise. On
power-up, the RESET pin must remain low until the
power supply reaches its operating voltage and the
oscillator has stabilized. During reset, the program
counter is loaded with the address contained in the
reset vector table (addresses 0000H, 0001H); program
execution starts at that address upon the RESET pin
going high. While RESET is low, all external lines
except WDTO, AVger, AVpp, AVss, Vss, Vpp, X1, and X2
are in the high-impedance state.

23



pPD78322 Family

NEC

ELECTRICAL SPECIFICATIONS

Recommended Operating Conditions

Note: Unless otherwise noted, these specifications apply bevl T v o::’e'"a:"
tothe entire uPD78322 family. Exceptions for extended evice A oo 9 I
temperature range devices may be singled out in the uPD78320/322 -10 to +70°C +50V =10% 8to 16 MHz
tablqs by the symbols bglow. The applicable symbol is uPD78P322 _10 to +70°C +5.0V +5%
also includad in the device part number - - p——"

Symbol Operating Temperature Range (A) devices ~40to +85°C  +5.0V *10%
O)* -10to + 70°C (standard) (A1) devices -40 to +110°C +5.0 VE10% 8 to 12 MHz
A) -40 to + 85°C (extended) (A2) devices -40 to +125°C
(A1) -40 to + 110°C (extended)
(A2) ~40 to + 125°C (extended) Capacitance
* () = no suffix Ta=25°C;Vpp = Vgg = 0V
. . Parameter Symbol Max Unit Conditions

Absolute Maximum Ratings th

Ta=25°C Input pin C 20t pF f=1MHz

pacitance unmeasured pins

Supply voltage, Vpp -05to +7.0V returned to O V

Qutput pin Co 20 pF

Supply voltage, AVpp -05to Vpp+05V capacitance

Supply voltage, AVgg -05t0 +05V 1O pin Co 20 pF

Supply voltage, Vpp -05t0 +135V  capacitance

Input voltage, V, 1 C; = 10 pF on (A), (A1), and (A2) devices.

Except P2o/NMI of .PD78P322 -05toVpp + 0.5V
P2o/NMi of uPD78P322 -05to0 +135V

Output voltage, Vo -05toVpp + 05V

Reference intput voltage, AVpgp —0.5t0 AVpp +03V

{ixx < 16 MHz)

Output current, low; lop

Each output pin 4.0 mA

Total 90 mA
Output current, high; loy

Each output pin -1.0 mA

Total -20 mA (A) devices
Operating temperature, Topt

( ) devices -10 to +70°C

(A) devices -40 to +85°C

(A1) devices ~40 to +110°C

(A2) devices —-40 to +125°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.
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Oscillator Characteristics
Vpp = +5V *£10% (5% for uPD78P322); Vgg = OV
Devices and their Ty ratings are defined earlier by symbols { ), (A), (A1), and (A2)

Oscillator Parameter Symbol Min Max Unit Conditions
Ceramic or cystal resonator Oscillation frequency fxx 8 16 MHz
12t
External clock input at X1 Frequency fx 8 16 MHz
12t
Rise time, fall time xR IXF 0 20 ns
Low-level, high-level width twxL: tWxH 25 80 ns
46t 100t

1 Applicable to (A1) and (A2) devices.

Recommended Oscillator Circuits

A. Resonator Circuit

Crystal Resonator

:_ —————————— X4 Manufacturer Part No. C1,C2
! c1 e Kinseki Co. Ltd. | HCA9/U-S 10 pF
| ,”___I = or HC49/U

e

L = x2

Mount resonator as close as possible to pins X1 and X2.
Do not place other signal fines in shaded area.

B. External Clock Circuit

Clock X1

HCMOS
inverters

BaCL-9331B
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DC Characteristics

Vpp = +5.0V £10% (*5% for uPD78P322); Vgg = OV
Devices and their T ratings are defined earlier by symbols ( ), (A), (A1), and (A2)

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low Vie [¢] 0.8
Input voltage, high ViH1 22 \ (Note 1)
ViH2 0.8 Vpp v (Note 2)
Output voltage, low VoL 0.45 v loL = 20 mA
Output voltage, high VoH Vop-1.0 v loy = —400 LA
Input leakage current 1] *10 HA Vi= 0toVpp
Output leakage current Lo +10 LA Vo = 0toVpp
Vpp supply current Iopy 40 65 mA Operating mode
lop2 20 35 mA HALT mode
45 (Note 3)
Data retention voltage VDDDR 25 \ STOP mode
Data retention current IDDDR 2 10 LA STOP mode; Vpppr = 2.5V
100 (Note 3)
10 50 uA STOP made; Vpppg = 5.0 V £10% (+5% for

1000 {Note 3)

LPD78P322)

Notes:

(1) All except pins in Note 2.

() Pins RESET, X1, X2, P2,, INTPn, NMI, TI, P3,/SB0/SO, P35/S$81/

S, P34/SCK.

AC Characteristics

Vpp = +5.0V £10% (5% for uPD78P322); Vgg = 0V
Devices and their Ty, ratings are defined earlier by symbols ( ), (A), (A1), and (A2)

(3) Applicable to (A1) and (A2) devices.

( ) and (A) (A1) and (A2)
Parameter Symbol Min Max Min Max  Unit Conditions
External Memory Read/Write Operation
System clock cycle time toyk 125 250 166 250 ns tcyk equals twice the period of the crystal or
external clock input.
Address setup time to ASTB | tsAST 32 43 ns tcyk = 125 ns
Address hold time after ASTB L tygya 32 53 ns
Address to AD ¢ delay time tDAR 85 126 ns
AD | to address floating teRA 0 0 ns
Address to data input tpalp 222 326 ns
RD | to data input tpRIDY 112 174 ns
ASTB i to RD | delay time tpsTR 42 63 ns
Data hold time from RD t tHRID 0 0 ns
RD 1t to address active tpRA 50 () 58 ns
37 (A)
RD width fow twRL 157 219 (A1) ns
209 (A2)
ASTB width, high twsTH 37 58 ns
Address to WR { delay time toaw 85 126 ns
ASTB | to data output tbston 102 123 ns
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AC Characteristics (cont)

() and (A) (A1) and (A2)

Parameter Symbol Min Max Min Max Unit Conditions

External Memory Read/Write Operation (cont)

WR i to data output tbwon 40 40 ns toyk = 125 ns

ASTB | to WR { delay tosTw 42 63 ns

Data setup time to WR 1 tsopw 147 204 ns

Data hold time after WR thwob 32 53 ns

WR width, low twwi 157 209 ns

WR 1 to ASTB delay time towsT 42 63 ns

Serial Port Operation

SCK cycle time teysk 1000 1328 ns SCK output
1000 1328 ns SCK input

SCK width low twskL 420 584 ns  SCKoutput
420 584 ns SCK input

SCK width high twskH 420 584 ns SCK output
420 584 ns SCK input

Sl setup time to SCK tsRxsK 80 80 ns

S! hold time after SCK t tHSKRX 80 80 ns

§CK ! to SO delay time tpsKTX 210 210 ns R=1kQ C= 100 pF

Other Operations

NMI high/low-level width twNIHY twIL 5 us

INTPO high/low-level width twiok: twiot 8 tevk

INTP1 high/low-level width twitHe twirt 8 tovk

INTP2 high/low-level width twioh: twizl 8 tovk

INTP3 high/low-level width WisHs twiaL 8 teyK

INTP4 high/low-level width WwiaH: twial 8 tevk

INTP5 high/low-level width WisH, twisL 8 tovk

INTP6 high/low-level width twisH: twisL 8 tovk

RESET high/low-level width twRsH. twRsL 5 s

TI high/low-leve! width WTIH, WTIL 8 tovk During TM1 even-counter mode
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Timing Dependent on toyk

Timing Dependent on tcyk (cont)

Symbol Calculation Formula Min/Max Unit Symbol Calculation Formula Min/Max Unit

tpAID 25+ mT~90 Max ns twsTH 0.5T - 25 Min ns

tpaR T-40 Min ns twwL (1.5 + mT-30() (A Min ns

tpaw T-40 Min ns 5/1\25) + nT-40 A1)

foRa 821:2152 ((A; (A1) (AZ) Min n twior: twiot 8T Min ns

tDRIDT (15 +)T-75 Max ns twins twint il Min ns

tpsToD 0.5T + 40 Max ns fwizH: twizt il Min ne

tosT 0.5T - 20 Min ns twizh twisL 8T Min ns

tosTw 0.5T-20 Min ns Wik twial ) Min ns

towsT 05T - 20 Min ns twish twist 8T Min ns

towoDp 0.5T - 11 Min ns twisH, twisL 8T Min ns

tHSTA 0.5T - 30 Min ns Wik twri 8T Min ns

thwop 0.5T-30 Min ns Notes:

tsAST 05T-30() (A Min ns (1) nisthe number of wait cycles specified by the PWGC register.
0.5T - 40 (A1) (A2) @ T = toyk (ns)

tsoow 15T-40() A Max ns (3) Devices and their Tp ratings are defined earlier by symbols ( ),
0.5T - 45 (A1) (A2) (A), (A1), and (A2)

twRL (1.5 +n)T-30 Min ns

A/D Converter Characteristics

Vpp = +5V £10% (+5% for uPD78P322); AVgg = Vgg = 0V, AVpp = (Vpp - 0.5 V) to Vpp

Devices and their Tp ratings are defined earlier by symbols ( ), (A}, (A1), and (A2)

Parameter Symbol Min Typ Max Unit Conditions
Resolution 10 Bit
Relative accuracy* *0.4 () % 1 AVger = 4.5V to AVpp
0.3 (A) (A1) (A2)
07 () %t AVpgr = 3.4V to AVpp
*0.3 (A) (A1) (A2}
Quantization error *1/2 LsB
Conversion time tcony 144 toyk
Sampling time tsAMP 24 tevk
Zero-scale error* *15 +25 LsSB AVper = 4.5V to AVpp
*15 *45 Ls8 AVRgp = 3.4V to AVpp
Full-scale error* *15 *25 LS8 AVRer = 4.5V to AVpp
*15 *45 LSB AVper = 3.4V to AVpg
Nonlinearity error* *15 *25 LsB AVper = 4.5V to AVpp
*1.5 *45 LsB AVger = 3.4V to AVpp
Analog input voltage ViaN -0.3 AVger + 0.3 v
Reference voltage AVREr 34 0rds AVpp '
AVREgF current Alger 1.0 3.0 mA
AVpp power current Alpp 2.0 6.0 mA
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A/D Converter Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
A/D converter data Alppr 2 10 () (A) UA STOP mode; AVppR =
retention current 100 (A1) (A2) 25V
10 50() @A) uA STOP mode; AVppR =
1000 (A1} (A2) 5V £10% (*+5% for

HPD78P322)
Analog input RAan 10 MQ Nonsampling
impedance "

Sampling

* Does not include quantization error
t Unit is percent of fullscale range (FSR)

A/D Converter Input Circuit

1/2 AVREr

ADCR
Register

Values listed are typical.
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Timing Waveforms

AC Timing Test Points

Voo
>d; 0.8 Vgp or2.2V jK
08V
ov

83CL-91494
Read Operation
tovk:
Clock
' 4
P57-P50 X Address (High Byte) X
K K
< tpAID >
Highz f 4 4 HighZ
Pa7-Pag ———d Address (Low Byte) <<§ Read Data Address 0-7 g
K K K
[E———tsasT—> tHSTA tHRID —
— teRA e—tpra—>
 ——
ASTB /—\_
TWSTH——> [<-tpSTR>| [« —'DRID1—>|
< twAL >
_ \ v
RD \
X
< tpaR >

8IRD-67388
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Timing Waveforms (cont)

Write Operation
toYyK—>
Clock
'4
P57-P50 >§ Address (High Byte)
K

Y N 4
P47-P4p X Addrass (Low Byta) K Undefined >< Write Data k Address 0-7 >7
K V. 5

[e——tsasT—>| tHSTA>™ [t HWOD‘)’
tpsTOD—>|
—
ASTB
twsTH—>| |<togTw ﬁ—fowoo —><tsopw>| [« —towsT
< twwi >
4
WR Z
X 7
< tpAw >
SIRD-67408
Interrupt Input
[E—tWNIH—>] TWNIL:
¢ 08 Yoo 3
NMI 7
08V
[€—tWinH—>| tWinL—>|
08 Vpn N
INTPn 98vop
0av
n=0t08
83CL-9334A
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Timing Waveforms (cont)

Serial Port Operation

1CYSK >
FE——tWSKL—> [€———tWSKH

= f \ /
~_ 7

ISAXSK I tHSKRX >
s' X

Reset Input

BIFM-H3338

RESET
BIML-5091A
T Input
WTIH—>| |[€—twTIL—>]
n
£ICL-4163A
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PROM PROGRAMMING

Table 3. Pin Functions During PROM

. . Programming
The PROM in the uPD78P322 is one-time programmable Normal Operating __ Programming
(OTP) or ultraviolet erasable (UV EPROM). The 16,384 X pypetion Mode Mode
8-bit PROM has the programming characteristics of an . P —— I
NEC yPD27C256A. Table 3 shows the functions of the ~ A9%ress inbut Poo- P07 Plo. P20, Ao~ e
uPD78P322 pins in normal operating mode and PROM - LA
programming mode. Data input P4g - P4y Dp-Dy
Chip enable/ P34 CE

PROM Programming Mode program pulse

. . . OE
When the RESET pin is set high and AVpp is set low, the ~ JutPut enable P
uPD78P322 enters the PROM programming mode. Op-  Program voltage Vep Vep
eration in this mode is determined by the settingofthe  Mode voltage RESET, AVpp RESET, AVpp
CE, OE, Vpp, and Vpp pins as indicated in table 4.
Table 4. Operation Modes For Programming
Mode RESET AVpp CE OE Vpp Vpp Dy - Dy
Program write H L L H +125V +60V Data input
Program verify H L H L +125V +60V Data output
Program inhibit H L H H +125V +6.0V High impedance
Read H L L L +50V +5.0V Data output
Quput disable H L L H +50V +50V High impedance
Standby H L H L/H +50V +5.0V High impedance
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Figure 11. Pin Functions in uPD78P322 PROM Programming Mode; 68-Pin PLCC or LCC

b'Ea 10
cEd 11

[m R F3
L4 13
04

Ag 15
Ao 18
a1 17
A2 18
Az 19
A4 20

RESET ] 21
(Open) [ 22

(@[] 23

ves [ 24
(Open) [ 25
A9 28

wPD78P322

a3s
O s7
] 38
O 39

-

&
60
59
58
57
58
55
54
53

52
51
50
49
48
47
46
45
44

5]
[~ @)
]

(1 Vop

©

D7
Dg

|0 0 I W O I

[10g
[1 D3

A Q27
Ax [ 28
Az [] 29
Ag [ 30
As [ 31
As ] 32

Note:
Recommended connections for pins not used during
PROM programming:
{L}) Connectto Vgg through a resistor.
(G) Connectto Vgg.
(Open) No connaction.

A7 (]33
vpp [] 34
vss [ 35
(L){

(Open) (] 40

Do O 41

D [ 42

p2 [ 43

83CL-83%68
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Figure 12. Pin Functions in uPD78P322 PROM Programming Mode; 80-Pin QFP or LCC

- Q -
g g g8 g
2, A 2f%e, X .
0000000 nnoonnnn
80797877 767574 73727170 69 68 67 68 65
@Qq1 840 @)
(NC)[J 2 O 63 [1 (NC)
MNC)[]13 821 (NC)
OE[]4 1
CE[s e[l ~(@)
Os ss g
wsgr 58 1 vpp
Os s71
Agl] 9 se o
Ao 10 850
A O 11 541
(Open)
A 12 s3p
rad 12 wPD78P322 =h
NCY [ 14 st g
A 15 so 0
RESET [] 18 aapo;
(Open) [ 17 4803 Dg
@18 470 og
vas [ 19 481 Dg
(Open) [] 20 45 P D3
Ag 21 44 17 (NC)
(NC) [ 22 43 [J (NC)
A1 23 42 [1 (NC)
(NC) ] 24 411 Da
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
JuUduduuunuouuuy oo og
XEILL2LEPY '8¢
> > > g
Note: =
Recommended connections for pins not used during
PROM programming:
(L) Connect to Vgg through a resistor.
(G) Connectto Vgg.
(Open) No connection
(NC) Connectto Vgg to prevent nolse.
83CL-9336B
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PROM Write Procedure

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

(1) Set the pins not used for programming as indi-
cated in figure 11 or 12. Set RESET high and AVpp
low. CE and OE should be high.

Supply +6.0 Vto Vpp pin and +12.5V to Vpp pin.

—~
NG

Provide initial address to pins Ag - Aqa.

&

Provide write data.

)

Input a 1-ms program pulse (active low) to CE pin.

o~ e
o

Use verify mode (puise OE low) to test data. If data
has been written, proceed to step 8; if not, repeat
steps 4-6. If data cannot be written in 25 attempts,
gotostep 7.

(7} Classify PROM as defective and cease write oper-
ation.

(8) Perform one additional write with a program pulse
width (in ms) equal to 3 times the number of writes
performed in step 5.

(9) Increment address.

(10) Repeat steps 4-9 until last address is pro-
grammed.

36

PROM Read Procedure

The contents of the PROM can be read out to the
external data bus (Dg - D7) by the following procedure.

(1) Setthe pins not used for programming as indicated
in figure 11 or 12. Set RESET high and AVpp low. CE
and OE should be active high.

(2 Supply +5 Vto Vpp pin and Vpp pin.
(3) Input address of data to be read to pins Ag - Ay4.
(4) Put an active-low pulse on CE and OE pins.

(5) Data is output to pins Dg - D5.

Program Erasure

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

Typically, data is erased by 254-nm ultraviolet rays. A
minimum lighting level of 15 Ws/cm2 (ultraviolet ray
intensity x exposure time) is required to completely
erase the written data. Erasure by an ultraviolet lamp
rated at 12,000 yW/cm? takes 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 = 256 £5°C;Vgg = OV

Parameter Symbol  Symbol (Note 1) Min  Typ Max Unit  Condition
High-tevel input voltage ViK ViH 2.2 Vppp + 0.3 v
Low-level input voltage Vi ViL -0.3 08 v
Input leakage current ILip Lt +10 A 0 s V= Vppp (Note 2)
High-level output voitage Vou VoH 24 v loy = -400 pA
Low-level output voltage VoL VoL 0.45 v loL = 20 mA
A9 pin input current ag — *10 uA A9 (P2o/NMI)
Output leakage current Lo — 10 WA 0s Vg < Vppp, OE = Viy
PROG pin high-voltage input current  ljp — +10 HA
Vppp power supply voitage Voop Voo 575 60 6.25 v Program memory write mode
4.5 5.0 5.5
Vpp power supply voitage Vep Vpp 122 125 128
Vep = Vppp

Vppp power supply current Iop oo 10 30 mA

10 30 mA  Program memory read mode

CE= V|, V)= V|y
Vpp power supply current lpp lpp 10 30 mA  Program memory write mode
CE = V), OE = Vi

1 100 HA Program memory read mode
Notes:
(1) Corresponding symbols for the uPD27C256A (2) Vppp is the Vpp pin during programming

AC Programming Characteristics
Ta = 256 £5°C; Vgg = 0V

Parameter Symbol Symbol (Note 1) Min Typ Max Unit Condition
Address setup time to CE + tsac tas 2 us

Data to to OE ¢ delay time toDoo toEs 2 us

Input data setup time to CE | tsiDC tos 2 us

Address hold time after CE t thea tan 2 us

Input data hold time after CE thcip toH 2 s

Output data hold time after OF 1 tyooD tor 0 130 ns

Vpp setup time before CE ¢ tsyPC tvps 2 us

Vppp setup time before CE tsybe tvos 2 us

Initial program pulse width w1 trw 0.95 1.0 1.05 ms

Additional program pulse width twi2 torw 2.85 78.75 ms

Address to data output time tpaoD tace 2 us OE = Vi
OE ! to data output time toooD toe 1 us

Data hold time after OE ¢ tHecoD tor o 130 ns

Data hold time after address not valid tHAOD ton 0 ns OF = vy_
Notes:

(1) Corresponding symbols for the uPD27C256A.

37



pPD78322 Family

NE

C

PROM Timing Diagrams

Write Mode
X Repetitions
A
' Al
<—Wm——)-’<——Vsrlfy—>’<—Addlﬂonal Write————>|
\
AgAr2 Effective address K
7
-> t‘-tSAC *l < thoop *1 tHea [«
|
Do-D; —i Data Input Data output H9_§ Data Input 57
k 7 7
tsipc > e > < thep tsipc > e > |« Yoo
7
PP
Vep ]
Yoop
—>»| i< tgypc
Voop +1
Voop /
Voop
—>>| < tSVDC
v. L0 —_—
_ 'K X [ed
ce
v SL 12 St 1‘]
L
—» < o>
twis t<_ [3_[: oC twi2
| tboon
__Ym 4
OE
YiL
Notes:
[1] Yppp must be applied before Vpp Is applied and
must be removed after Vpp Is removed.
[2] Vpp must not exceed +13 V Including ovarshoot voltage.
83CL-93378




NEC uPD78322 Family

PROM Timing Diagrams (cont)
Read Mode

AgA12 X Effactive address

Ql
L

toacp > tHaop > |«

OpDy —— mm = — - ——E___

83YL-6845B
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INSTRUCTION SET

Instruction Set Symbols (cont)

The uPD78322 family instruction set features 8- and ~ SY™Pol Definition
16-bit data transfer, arithmetic, and logic instructions ~ word 16 bits of immediate data or label
and single-bit manipulation instructions. Stringmanip-  byte 8 bits of immediate data or label
ulation instructions are also included. Branch instruc- (59 8-bit two's complement displacement (immediate
tions exist to test individual bits in the program status data displacement value —128 to +127)
word, the 16-bit accumulator, the special function reg- 1 3 bits of immediate data (bit position in byte), or
isters, and the saddr portion of on-chip RAM. Instruc- label
tionsrangeinlengthf byt i
. .g gth rom 1t06bytes dependmg onthe n 3 bits of immediate data
instruction and addressing mode.
- laddri6 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
; i ;
o Setto 0 laddr11 11-bit immediate address or label
B Setto 1 addr11 O0800H-OFFFH: 0800H + (11-bit immediate
address), or label
X Set or cleared according to result addrs 0O040H-007EH: 0040H + 2 X (5-bit immediate
P P/V indicates parity of result address), or label
v P/V indicates arithmetic overflow A A register (8-bit accumulator)
R Restored from saved PSW X X register
B B register
Instruction Set Symbo!s c C register
Symbol Definition D D register
r RO, R1, R2, R3, R4, R5, R6, R7, R8, RY, R10, R11, E E register
R12, R13, R14, R15 H H register
r1 RO, R1, R2, R3, R4, R5, R6, R7 L L register
2 cB RO-R15 Register 0 to register 15
P RPO. RP1, RP2, AP3, RP4, RPS, ARG, AP7* AX Register pair AX (16-bit accumulator)
rpl RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 8C Register pair BC
p2 DE, HL, VR, UP DE Register pair DE
sfr Special function register, 8 bits HL Register pair HL
strp Special function register, 16 bits RPO- Register pair O 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/ p p
popped to/from stack; RPS pushed/popped by c rogram counter
PUSH/POP, 8P 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 Pro
gram status word
{HL-]. [VP]. [UP] - -
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 8 bits of PSW
Base Mode: [DE+ byte), [HL+ byte], [VP+ byte], oY Carry flag
[UP+ byte], [SP+ byte] —
Index Mode: word [A], word [B], word [DE], word AC Auxitiary carry flag
[HL] z Zero flag
saddr FE20-FF1FH: Immediate byte addresses one byte PV Parity/overflow flag
in RAM, or label .
S Sign flag
dd -FF1FH: i it 0=
saddrp FE20-FF1FH: Immediate byte (bit 0=0) addresses TPF Table position flag

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 control 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 XL High-order 8 bits and low-order 8 bits of X

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

Flags

Mnemonic Operand Operation Bytes S AC PV cY

8-Bit Data Transfer

MOV r1, #byte 1 « byte 2
saddr, #byte (saddr) « byte 3
sfr, #byte (Note 1) sfr « byte 3
r Tl rert 2
A n Aent 1
A, saddr A « {saddr) 2
saddr, A (saddr) « A 2
saddr, saddr (saddr) « (saddr) 3
A, str A « sfr 2
sfr, A sfr— A 2
A, mem (Note 2) A « (mem) 1
A, mem A « (mem) 2-4
mem, A (Note 2) (mem) « A 1
mem, A {mem) « A 2-4
A, [saddrp] A < {{saddrp)} 2
[saddrp], A ((saddrp)) « A 2
A, laddrié A « (addri6) 4
laddri16, A (addr16) « A 4
PSWL, #byte PSWL « byte 3 X X X X
PSWH, #byte PSWH « byte 3
PSWL, A PSWL « A 2 X X X X
PSWH, A PSWH « A 2
A, PSWL A« PSWL 2
A, PSWH A « PSWH 2

XCH An Aerl 1
[ Mgl reri 2
A, mem A « (mem) 2-4
A, saddr A « (saddr) 2
A, sfr A e sfr 3
A, [saddrp] A « ((saddrp)) 2
saddr, saddr (saddr) « (saddr) 3

16-Bit Data Transfer

MOVW rpl1, #word rp1 « word 3
saddrp, #word (saddrp) « word 4
sfrp, #word sfrp « word 4
p, rpt tp « pt 2
AX, saddrp AX <« (saddrp) 2
saddrp, AX (saddrp) « AX 2
saddrp, saddrp (saddrp) « (saddrp) 3
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Instruction Set (cont)

Flags

Mnemonic Operand Operation Bytes S 4 AC PN cy

16-Bit Data Transfer (cont)

MOVW AX, sfrp AX « sfrp 2

(cont) sfrp, AX sfrp « AX 2
rp1, 'addr16 rpl « (addr1g) 4
taddr16, rp1 (addr16) <« rpt 4
AX, mem AX « (mem) 2-4
mem, AX (mem) « AX 2-4

XCHW AX, saddrp AX « (saddrp) 2
AX, sfrp AX < sfrp 3
saddrp, saddrp (saddrp) > (saddrp) 3
p, tpt rp < rpl 2
AX, mem AX <> (mem) 2-4

8-Bit Arithmetic

ADD A, #byte A, CY « A+ byte 2 X X X v X
saddr, #byte (saddr), CY <« (saddr) + byte 3 X X X v X
sfr, #byte sfr, CY « sfr + byte 4 X X X v X
i LCY<«r+n 2 X X X v X
A, saddr A, CY « A + (saddr) 2 X X X v X
A, sfr A, CY « A+ sfr 3 X X X v X
saddr, saddr (saddr}, CY « (saddr) + (saddp) 3 X X X \ X
A, mem A, CY« A+ (mem) 2-4 X X X V' X
mem, A (mem), CY « (mem) + A 2-4 X X X v X

ADDC A, #byte A, CY « A + byte + CY 2 X X X v X
saddr, #byte (saddr), CY « (saddr) + byte + CY 3 X X X \ X
sfr, #byte sfr, CY « sfr + byte + CY 4 X X X \ X
rr nCY«r+ 1+ CY 2 X X X \ X
A, saddr A, CY « A + (saddr) + CY 2 X X X v X
A, sfr A, CY « A + sfr+ CY 3 X X X v X
saddr, saddr (saddr), CY « (saddr) + (saddr) + CY 3 X X X v X
A, mem A, CY <A+ (mem) + CY 2-4 X X X V' X
mem, A (mem}, CY « (mem) + A + CY 2-4 X X X v X

suB A, #byte A, CY « A - byte 2 X X X A X
saddr, #byte (saddr), CY « (saddr) - byte 3 X X X v X
sfr, #byte str, CY « sfr - byte 4 X X X \% X
nLn LCY «—r-11 2 X X X v X
A, saddr A, CY « A - (saddr) 2 X X X \' X
A, sfr A, CY « A~sfr 3 X X X v X
saddr, saddr (saddr), CY « (saddr) - (saddr) 3 X X X v X
A, mem A, CY « A ~ (mem) 2-4 X X X v X
mem, A (mem), CY « (mem) - A 2-4 X X X v X
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Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S r4 AC PNV cy
8-Bit Arithmetic (cont)
SUBC A, #byte A, CY < A-byte-CY 2 X X X v X
saddr, #byte (saddr), CY « (saddr) - byte - CY 3 X X X v X
sfr, #byte sfr, CY « sfr - byte -~ CY 4 X X X \ X
rrl LCYe«r-r-CY 2 X X X \ X
A, saddr A, CY « A - (saddr) - CY 2 X X X v X
A, sfr A, CY«A-sfr-CY 3 X X X v X
saddr, saddr {saddr), CY « (saddr) - (saddr) - CY 3 X X X v X
A, mem A, CY « A- (mem) - CY 2-4 X X X v X
mem, A (mem), CY « (mem) - A - CY 2-4 X X X \ X
8-Bit Logic
AND A, #byte A« A\ byte 2 X X P
saddr, #byte (saddr) « (saddr) /* byte 3 X X P
str, #byte sfr « sfr /s byte 4 X X P
[} rerArt 2 X X P
A, saddr A< A/ (saddr) 2 X X P
A, sfr A AN sfr 3 X X P
saddr, saddr (saddr)« (saddr) N\ (saddr) 3 X X P
A, mem A« AN (mem) 2-4 X X P
mem, A (mem) « (mem) /* A 2-4 X X P
OR A, #byte A« AVY byte 2 X X P
saddr, #byte (saddr) « (saddr) V/ byte 3 X X P
str, #byte sfr < sfr V byte 4 X X P
L rerVr 2 X X P
A, saddr A« AV (saddn) 2 X X P
A, sfr A AV sfr 3 X X P
saddr, saddr (saddr)« (saddr) V (saddr) 3 X X P
A, mem A« AV (mem) 2-4 X X P
mem, A (mem) « (mem) V A 2-4 X X P
XOR A, #byte A« A byte 2 X X P
saddr, #byte (saddr) « (saddr) ¥ byte 3 X X P
sfr, #byte sfr « sfr 7 byte 4 X X P
L rer¥n 2 X X P
A, saddr A« A (saddr) 2 X X P
A, sfr A A sfr 3 X X P
saddr, saddr (saddn)« (saddr) 7 (saddn) 3 X X P
A, mem A« AY (mem) 2-4 X X P
mem, A (mem) « (mem) 7+ A 2-4 X X P
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NEC HPD78322 Family

Instruction Set (cont)

Flags

Mnemonic Operand Operation Bytes S 4 AC PN CY

8-Bit Logic (cont)

CcMP A, #byte A - Dbyte 2 X X X \ X
saddr, #byte (saddr) - byte 3 X X X v X
sfr, #byte sfr - byte 4 X X X V' X
r.r r—r 2 X X X \4 X
A, saddr A - (saddr) 2 X X X \ X
A, sfr A - sfr 3 X X X v X
saddr, saddr (saddr) - (saddr) 3 X X X \ X
A, mem A~ (mem) 2-4 X X X \Y X
mem, A (mem) - A 2-4 X X X v X

16-Bit Arithmetic

ADDW AX, #word AX, CY « AX + word 3 X X X \ X
saddrp, #word (saddrp), CY « (saddrp) + word 4 X X X v X
sfrp, #word strp, CY « sfrp + word 5 X X X 3 X
rp, rpt rp, CY < rp + rpt 2 X X X \4 X
AX, saddrp AX, CY « AX + (saddrp) 2 X X X A X
AX, sfrp AX, CY « AX +sfrp 3 X X X \ X
saddrp, saddrp (saddrp), CY « (saddrp) + (saddrp) 3 X X X v X

SUBW AX, #word AX, CY « AX - word 3 X X X v X
saddrp, #word (saddrp), CY < (saddrp) - word 4 X X X v X
sfrp, #word sfrp, CY « sfrp - word 5 X X X \% X
p, rpt rp, CY « rp — rp1 2 X X X v X
AX, saddrp AX, CY « AX - (saddrp) 2 X X X \Y X
AX, sfrp AX, CY « AX - sfrp 3 X X X \Y X
saddrp, saddrp (saddrp), CY <« {saddrp) - (saddrp) 3 X X X v X

CMPW AX, #word AX - word 3 X X X v X
saddrp, #word (saddrp) — word 4 X X X v X
strp, #word sfrp ~ word 5 X X X vV X
rp, rpl p - rpl 2 X X X v X
AX, saddrp AX - (saddrp) 2 X X X v X
AX, sfrp AX - sfrp 3 X X X \% X
saddrp, saddrp (saddrp) — (saddrp) 3 X X X v X

Multiplication/Division

MULU 2] AX <~ Axn 2

Divuw 1 AX (quotient), r1 (remainder) « AX = r1 2

MULUW rpl AX (high-order 16 bits), rp1 (low-order 16 bits) 2

<« AX x rp1

DIVUX rpt AXDE (quotient), rp1 (remainder) « AXDE =+ rp1 2

MULW rpt AX (high-order 16 bits), rp1 (low-order 16

(Note 3) bits) « AX x rp1
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pPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes 8 4 AC PN cY
Increment/Decrement
INC n Mern+1 1 X X X v
saddr (saddr) « (saddn) + 1 2 X X X v
DEC [g] Mer-1 1 X X X v
saddr (saddr) « (saddn) - 1 2 X X X v
INCW p2 P2« p2 + 1 1
saddrp (saddrp) « (saddrp) + 1 3
DECW P2 P2 « p2 -1 1
saddrp (saddrp) « (seddrp) — 1 3
Shifi/Rotate ' y ‘ , ‘
ROR m,n (€Y, riy « g, rMyp-q < iy x n times 2 P X
ROL i, n (CY, rig & ri7, rm4 4 = M) X n times 2 P X
RORC M, n (CY «r1g, M7« CY, ripq « riy) x nitimes 2 P X
ROLC i, n (CY & 117, Mg« CY, g4 1 « M) xn times 2 P X
SHR m,n CY « rig, rM7 <0, riy_q +« rly) x n times 2 X X 0 P X
SHL i, n (CY « ri7,rg e 0, ryg4 1 += iy X n'times 2 X X 0 P X
SHRW rpt, n (CY « plg, rpl4s + 0, rpigyq « rp1p) x 1 times 2 X X 0 P X
SHLW pl, n (CY « rplys, rptg « O, rpl ;:— Pp) X 1 times 2 X X 0 P X
ROR4 [rpt} Azo+ (PYla-0: (PY)7-4+ As-q 2
{rpl)a—0 + (P1)7-4 ‘
ROL4 [rpt} As o+ (Pll7-a (PN3-0+ Asor 2
(tp1)7-a — (rpl)3-0
. BCD Adfustment
ADJBA Decimal adjust slator after add 2 X %X X P X
ADJBS Decimal adjust acoumulator efter subtract 2 X X X P X
Data Expansion '
cVTBRW _ X oA, Ag g+ A7 1
Bit Manipulation
MOV1 CY, saddrbit CY « (saddrbit) 3 X
CY, sfrbit CY « sfrbit 3 X
CY, A.bit 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 4 X
saddrbit, CY (saddrbit) « CY 3
sfrblt, CY sfrbit«- CY 3
A.bit, CY A.bit« CY 2
X.bit, CY X.bite CY 2
PSWH.bit, CY PSWH.bit « CY -2
PSWL.bit, CY PSWLbIt« CY 2 X X X X
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uPD78322 Family
Instruction Set (cont) o
Flags
Mnemonic  Operand Operation Byts S Z AC PN ©Y
Bit Manipulation (cont) ) :
AND1 CY, saddrbit  CY « CY A (saddrbit) 3 X
CY, fsaddrbit CY « CY A (saddrbiy 3 X
CY, sfrbit CY'« CY A sfrbit 3 X
CY, /sfubit CY.« CY A ofrbit 3 X
CY, Abit CY+ CY A Abit 2 X
CY, /A.bit CY « CY A ADit 2 X
CY, X.bit CY « CY A X.bit 2 X
CY, /X.bit  CY e+ CY AXDIt 2 X
CY, PSWH.bit CY « CY A PSWH.bit 2 X
CY, /PSWH.bit CY.« CY A\ PSWH.BIt 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 (saddrbif) 3 X
CY, /saddrbit CY « CY V (saddrbi}) 3 X
CY, sfrbit CY.« CY V sfrbit 3 X
CY, /sfrbit CY « CY V sfrbit 3 X
CY, Abit CY« CYV Abit 2 X
CY, /A.bit CY«CYV ABRt 2 X
CY, X.bit CY « CY V X.bit 2 X
CY, /X.bit CY« CYV Xbit 2 X
CY, PSWH.bit CY « CY V PSWH.bit 2 X
CY, fPSWH.bit CY « CY V PSWH bt 2 X
CY, PSWL.bit CY « CY V PSWL.bit ] X
CY, /PSWL.bit CY « CY V PSWLDIt 2 X
XORt CY, saddrbit CY « CY ¥ (saddrblt) 3 X
CY, sfrbit CY « CY ¥ sfebit 3 X
CY, Abit CY « CY ¥ Abit T2 X
CY, X.bit CY « CY ¥ X.bit 2 X
CY, PSWH.bit CY « CY ¥ PSWH.bit 2 X
CY, PSW L.bit CY « CY % PSWL.bit 2 X
SETt  saddrbit {saddrbit) « 1 2
sfrbit sfrbit « 1 3
Abit Abit e 1 2
X.bit " X.bite 1 2
PSWH.bit PSWH.bit « 1 2
PSWL.bit PSWL.bIt « 1 2 X X X X X
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pPD78322 Family

NEC

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S AC PN CY
Bit Manipulation (cont)
CLR1 saddrbit (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 PSWLbit< 0 2 X X X X
NOT1 saddr.bit (saddr.bit) « (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
SET1 cY CY <1 1 1
CLR1 (934 CY«0 1
NOT1 cY CY < CY 1 X
Subroutine Linkage
CALL taddr16 (SP-1) « (PC + 3)y, (SP-2) « (PC + 3)(, 3
PC « addr16, SP «~ SP -2
rpl (SP-1) « (PC + 2}, (SP - 2) « (PC + 2, 2
PCy « rply, PCL « rp1|, SP < SP -2
iret] (SP-1) « (PC + 2)p, (SP-2) « (PC + 2), 2
PCy« (rpt + 1), PC « (1p1), SP« SP -2
CALLF taddr11 (SP-1) «- (PC + 2y, (SP - 2) « (PC + 2)|. 2
PCys_11 « 00001, PCyq ¢ « addri1, 8P « SP -2
CALLT [addr5} (SP-1) « (PC + 1), (SP-2) « (PC + 1), 1
PCy « (TPFx8000H + 2 x addrS + 41H),
PC| « (TPFx8000H + 2 x addrS + 40H), SP «
SP-2
BRK (SP-1) « PSWH, (SP - 2) « PSWL, (SP - 1
3« (PC + Ny, (SP-4) « (PC + 1)y,
PC| « (0O3EH), PCy « (003FH), SP « SP - 4,
IE«0
RET PCp « (SP), PCyy« (SP + 1), SP« SP + 2 1
RETB PC| « (SP), PCyy « (SP + 1), PSWL « (SP + 2), 1 R R R R
PSWH « (SP + 3), SP« SP + 4
RETI PC « (SP), PCy + (SP + 1), PSWL « (SP + 2), 1 R R R R
PSWH « (SP + 3), SP« SP + 4
Stack Manipulation
PUSH sfrp (SP - 1) « sfry, (SP - 2) « sfr,, SP~SP -2 3
post {(SP - 1) « rppy, (SP - 2) « tppy, SP « SP -2} x 2
n (Note 5)
PsSw (SP-1) < PSWH, (SP-2) « PSWL,SP«SP -2 1
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NEC pPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S F4 AC PNV (4
Stack Manipulation (cont)
PUSHU post {{(UP - 1) < rppy, (UP - 2) « rppy, UP « UP -2} x 2
n (Note 5)
POP sfrp sfry « (SP), sfry« (SP + 1), 8P« 8P + 2
post {rppL < (SP), rppy < (SP + 1), 8P« SP + 2} x n 2
(Note 5)
PSW PSWL « (SP), PSWH « (SP + 1),SP«SP + 2 1 R R R R R
POPYU post {rppL « (UP), rppy < (UP + 1), UP«— UP + 2} xn 2
{Note 5)
MOVW SP, #word SP « word 4
SP, AX SP « AX 2
AX, SP AX « SP 2
INCW SP SP« 8P + 1 2
DECW SP SP « SP -1 2

Pin Level Test

CHKL sfr (Pin level) 7 (internal signal level) 3
CHKLA sfr A « (Pin level) ¥ (internal signal level)

w

Unconditional Branch

BR laddr16 PC « addr16 3
rpt PCH « rp1y, PCL < rp1y 2
[rp1] PCH « (rp1 + 1), PCL « (p1) 2
$addr16 PC « PC + 2 + jdisp8 2
Conditional Branch
BC, BL $addri6 PC<PC+ 2+ jdisp8if CY = 1 2
BNC, BNL $addr16 PC<PC+ 2+ jdisp8i{CY = 0 2
BZ, BE $addr16 PC<« PC+ 2+ jdisp8ifZ = 1 2
BNZ, BNE $addr1é PC<PC+ 2+ jdisp8ifZ =0 2
BV, BPE $addr16 PC«PC + 2 + jdisp8if P/V = 1 2
BNV, BPO $addri6 PC < PC + 2+ jdisp8 if P/V = 0 2
BN $addr16 PC < PC+ 2+ jdisp8ifS = 1 2
BP $addr1é PC«PC+ 2+ jdisp8ifS =0 2
BGT $addr16 PC—PC+ 3+ jdisp8if (P/VF#S)VZ=0 3
BGE $addr16 PC«—PC + 3+ jdisp8 it P/V /S = 0 3
BLT $addri6 PC« PC + 3 + jdisp8if P/V#8 =1 3
BLE $addr1 PC<« PC + 3 + jdisp8if (PI/V ¥V Z =1 3
BH $addr16 PC«PC+ 3+ jdisp8ifZVCY =0 3
BNH $addr16 PC«PC + 3 + jdisp8ifZV CY = 1 3
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pPD78322 Family

NEC

Instruction Set (cont)

Flags
Mnemonlc Operand Operation Bytes S AC PN cyY
Conditional Branch (cont)
BT saddr.bit, $addr16 PC « PC + 3 + jdisp8 if (saddrbit) = 1 3
sfrbit, $addr16 PC « PC + 4 + jdisp8 it sfrbit = 1 4
A.bit, $addris PC « PC + 3 + disp8 if Abit = 1 3
X.bit, $addr16 PC « PC + 3 + jdisp8 if X.bit = 1 3
PSWH.bit, $addr16 PC « PC + 3 + jdisp8 if PSWH.bit = 1 3
PSWL.bit, $addri6 PC « PC + 3 + jdisp8 it PSWL.bit = 1 3
BF saddrbit, $addr16 PC « PC + 4 + jdisp8 if (saddrbity = 0 4
sfrbit, $addrie PC « PC + 4 + disp8 it sfrbit = 0 4
A.bit, $addr16 PC« PC + 3 + jdisp8ifAbit= 0 3
X.bit, $addr16 PC« PC + 3 + jdisp8 if X.bit=0 3
PSWH.bit, $addri6 PC « PC + 3 + jdisp8 it PSWH.bit = 0 3
PSWL.bit, $addr16 PC « PC + 3 + idisp8 it PSWLbit= 0 3
BTCLR saddrbit, $addr16 PC « PC + 4 + disp8 if (saddrbit) = 1 then reset 4
{saddrbit)
sfrbit, $addr16 PC « PC + 4 + disp8 if sfrbit = 1 then reset 4
sfrbit
A.bit, $addr16 PC « PC + 3 + disp8 if A.bit = 1 then reset A.bit 3
X.bit, $addri6 PC « PC + 3 + disp8 it X.bit = 1 then reset X.bit 3
PSWH bit, $addrié PC « PC + 3 + jdispB it PSWH.bit = 1 then reset 3
PSWH.bit
PSWL.bit, $addr16 PC « PC + 3 + jdisp8 if PSWL.bit = 1 then reset 3 X X X X
PSWL.bit
BFSET saddrbit, $addr1g PC « PC + 4 + disp8 if {(saddrbit) = 0 then set 4
(saddrbit)
sfrbit, $addr16 PC « PC + 4 + jdisp8 if strbit = O then set sfrbit 4
A.bit, $addri6 PC « PC + 3 + jdisp8 if A.bit = 0 then set A.bit 3
X.bit, $addr16 PC « PC + 3 + jdisp8 if X.bit = 0 then set X.bit 3
PSWH.bit, $addr16 PC « PC + 3 + jdisp8 if PSWH.bit = 0 then set 3
PSWH.bit
PSWL.bit, $addr16 PC « PC + 3 + disp8 if PSWL.bit = 0 then set 3 X X X X
PSWL.bit
DBNZ 12, $addr16 R+ r2-1,then PC+ PC + 2 + jdispBif (2 # 0 2
saddr, $addr16 (saddr) « (saddr) - 1, then PC < PC + 3 + disp8 3
if (saddr} = 0
Context Switching
BRKCS RBn RBS3.0 « n, PCy +» RS, PC| « R4, R7 « PSWH, 2
R6 « PSWL,RSS « 0, IE« 0
RETCS laddrie PCy < R5, PC| « R4, R5 « addri6y, 3 R R R R
R4 « addr16;, PSWH « R7, PSWL « Ré (priority
change)
RETCSB laddr16 PCy « RS, PC_ « R4, RS « addri6y, 4 R R R R

R4 « addr16, PSWH « R7, PSWL « Ré
(no priority change)
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NEC puPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S 4 AC PNV CcY
String Manipulation
MOVM [DE+] A (DE+)« A, C+—C-tEndifC= 0 2
[DE-], A (DE-)« A, C« C-1EndifC =0 2
MOVBK [DE+], [HL+] (DE+) « {HL+),C< C-1EndifC =0 2
[DE-], [HLA] (DE-) « (HL-),C«~C-1EndifC= 0 2
XCHM [DE+]. A (DE+) < A, C«C-1EndifC =0 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
[DE-], A (DE-)-A C«—C-1EndifC=00rZ=0 2 X X X v X
CMPBKE [DE+]. [HL+1] (DE+) - (HL+),C« C-1EndifC= OorZ = 0 2 X X X v X
[DE-]. {HL-] (DE-) - (HL-),C+~ C-1EndifC=0orZ=0 2 X X X v X
CMPMNE [DE+], A (DE+)-A, C«C1EndifC=00rZ=1 2 X X X v X
[DE-], A (DE-)-A,C«C-1EndifC=0orZ =1 2 X X X v X
CMPBKNE [DE+], [HL+) (DE+) - (HL+), C< C-1EndifC= OorZ = 1 2 X X X v X
[DE-], [HL-) (DE-)-(HL-), C<C-1EndifC=0orzZ =1 2 X X X v X
CMPMC [DE+]. A (DE+)-A, C«C-tEndifC=00rCY¥ =0 2 X X X v X
[DE-}, A (DE-}-A, C<C-1EndifC=00rCY =10 2 X X X v X
CMPBKC [DE+], [HL+1] (DE+) - (HL+),C+«C-1EndfC = 0orCY = 0 2 X X X v X
[DE-], [HL-] (DE) - (HL-), C«~ C1EndifC=0orCY =0 2 X X X \ X
CMPMNC [DE+], A (DE+)-A, C+ C-1EndifC=00rCY¥ =1 2 X X X v X
[DE-], A (DE)-A C«C-1EndifC=00orCY =1 2 X X X \ X
CMPBKNC  [DE+], [HL+] (DE+) - {HL+),C« C-1 EndifC = BorCY = 1 2 X X X v X
[DE-], [HL-] PE)-HL), C«C1EndifC=00orCY =1 2 X X X v X
CPU Control
MOV STBC, #byte STBC « byte (Note 6} 4
WDM, #byte WDM « byte (Note 6) 4
SWRS RSS « RS 1
SEL RBn RBS;.9 + n, RSS « 0 2
RBn, ALT RBS5.9 « n, RSS « 1 2
NOP No operation 1
El IE « 1 (Enable interrupt) 1
DI IE < 0 (Disable interrupt) 1
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pPD78322 Family

NEC

Instruction Set (cont)

Notes:

@

52

A special instruction is used to write to STBC and WDM.

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

16-bit signed multiply instruction

Addressing range is OFEOOH to OFEFFH.

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

Trap if data bytes in operation code are not one’s complement. If
trap, then:

(SP-1) « PSWH, (SP-2) « PSWL, (SP-3) « (PC-4)y,

(SP-4) « (PC-4)|, PC « (003CH), PCy « (003DH).

SP « SP-4, IE « 0.



