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Description

The uPD78320, uPD78322, and uPD78P322 are mem-
bers of the K-Series® of microcomputers. These 16/8-bit
microcomputers—with a minimum instruction time of
250 ns at 25 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 ROMIless 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

o Complete single-chip microcomputer
— 16-bit ALU
— 640 bytes of RAM
— 16K bytes of ROM (uPD78322/P322)
o Powerful instruction set
— 16-bit multiply and divide
— 1-bit and 8-bit logic instructions
— String instructions

50269-1

0 Minimum instruction time: 250 ns at 16 MHz
o 3-byte instruction prefetch queue

Memory expansion
— 8085 bus-compatible
— B64K-byte address space

Large I/O capacity
— Up to 55 1/O port lines (uPD78322/P322)
— Up to 37 /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

Programmable 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

B Watchdog timer with dedicated output
0 STOP and HALT standby functions
0 5-volt CMOS technology
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Ordering Information

Operating
Part Number Temperature Range External Clock Package Package Drawing ROM
©PD78320GF -10to +70°C 8 to 16 MHz 80-pin plastic QFP P80GF-80-3B9-1 ROMless
GF(A) -40 to +85°C
GF(A1) -40 to +110°C 8to 12 MHz
GF(A2) -40 to +125°C
pPD78320L -10to +70°C 8 to 16 MHz 68-pin PLCC P68L-50A1-1
L(A) —40 to +85°C
L{A1) —-40 to +110°C 8 to 12 MHz
L(A2) —-40 to +125°C
uPD78322GF-x00¢ -10 to +70°C 8 to 16 MHz 80-pin plastic QFP P80GF-80-3B9-1 16K mask ROM
GF (A)-x0x ~40 to +85°C
GF(Al)s0x  ~40 to +110°C 8 to 12 MHz
GF(A2)-xxx —40 to +125°C
pPD78322L-xxx -10 to +70°C 8 to 16 MHz 68-pin PLCC PE8L-50A1-1
L{A)-xxx —40to +85°C
L{A1)-300¢ —40 to +110°C 8 to 12 MHz
L(A2)-10x -40 to +125°C
HPD78P322GF -10 to +70°C 8 to 16 MHz 80-pin plastic QFP P80GF-80-3B9-1 16K OTP ROM
L -10to +70°C 8 to 16 MHz 68-pin PLCC PE8L-50A1-1
HPD78P322KE -10to +70°C 8 to 16 MHz 80-pin ceramic LCC X80KW-80A 16K UV EPROM
w/ window
KC -10to +70°C 8 to 16 MHz 68-pin ceramic LCC x68KW-50A

w/ window

xxx indicates ROM code suffix
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Pin Configurations

68-Pin PLCC or Ceramic LCC

*Vpp on uPD78P322.
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Pin Configurations (cont)

80-Pin Plastic QFP or Ceramic LCC

* Vpp onpPD78P322.

NC No connection; may be connected to Vgg to pravent nolsa.
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Pin Functions

Symbol First Function Symbol Second Function
PQg - POy Port 0; 8-bit, bit-selectable /O port RTPg - RTP7 Bit-selectable, timer-controlled, realtime output
port
P2y Port 2; 8-bit input port NMI External nonmaskable interrupt
P2, - P2g INTPO - INTPS Maskable external interrupts; edge-selectable
P2; INTPS/TI Maskable external interrupt or timer input
P3p Port 3; 5-bit, bit selectable I/O port TxD Asynchronous serial transmit
P34 RxD Asysnchronous serial receive
P3, SO/SBo SO: serial data output for 3-wire serial /O mode.
SBO: I/O bus for NEC serial bus interface (SB).
P33 si/sBl SI: serial data input for 3-wire serial /O mode.
SB1: I/O bus for NEC serial bus interface (SBI).
P34 SCK Serial clock input or output
P4g - P4, Port 4; 8-bit, byte-selectable |/O port ADg - AD; Low-order byte of external address/data bus
PSg - P57 Port 5; 8-bit, bit-selectable /O port Ag-Ays High-order byte of external address bus
P7o- P77 Port 7; 8-bit input port ANO - AN7 Inputs for A/D converter
P8y Port 8; 6-bit, bit-selectable /O port TOC0 Timer (APU) output lines
P8y TOO
P8s TO02
P83 TO03
P8y TO10
P85 TOH
P9o Port 9; 4-bit, bit-selectable /O port _R—E External read strobe
P9, WR External write strobe
PS5 - P93
ASTB External address latch strobe
EA External access control on PD78320/
322; a high level enables access to on-
chip ROM; a low level is applied if all
program memory is external. Must be
tied low for the yPD78320.
RESET External system reset input
WDTO Watchdog timer output
Xt Crystal oscillator connection or external
clock input,
X2 Crystal oscillator connection; not
necessary to connect with external clock
input.
AVREF A/D converter reference voltage input
AVpp A/D converter +5-volt power input
AVgg A/D converter ground
Vbp +5-volt power input
Vss Ground
Vpp PROM write-verify power input on
pPD78P322 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 uPD78322
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 vector table. A 2-byte call instruction can access
any routine beginning in a specific CALLF area.

The internal system clock (foi 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 (FEQOH-FEF FH) features
high-speed access of one word of data per internal
system clock and is 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 control 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
uPD78P322 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 yPD78320 does not have on-chip PROM.

External Memory

The puPD78322 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 1/0.

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 FFEQOH 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 O03EH, 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 [} 5 4 3 2 1 0
psw [ ur [mesz[resi[rBso] o [ o | o | o |
7 6 5 4 3 2 1 0o

PSWL {s]z|nss]Ac|IE[P/v|LT|cv]

UF User flag

RBS2-RBSO Active register bank number

S Sign flag (1 if last result was negative)
z 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

PNV 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 RPQ,
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 inthe 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 - RSS=0
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] —— —_———
RS R4 RP1
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| I
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I I
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Bank 3 ———————
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D (R13) l E(R12)
Bank 1 - —_—
DE (RP8)
FEFOH T
H (R15) L(R14)
Bank 0 ———————
HL (RP7)
FEFFH
FH EH
B83AD-87348
Addressing
The uPD78322 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 addressing, 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.
g
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Figure 2. Memory Map

0000H

SFFFH
4000H

7FFFH

FC7FH
FFFFH

Primary Vector Table
000CH
Interrupt
Vector Table
€4 Bytes
(32 Addresses)
Qo3FH
00404
CALLT
_________ Vector Table
0000H 64 Bytos
General Memory {32 Addresses)
oBOOH|— — — T T T T
OFFFH CALLF Area 007FH
Address Space
64K Bytes Alternate Vector Table
8000H
_________ Interrupt
Vector Table
64 Bytes
Internal Program
Memory (32 Addresses)
(uPD78322/P322)
BOBFH| ]
8040H
CALLT
Vaector Table
64 Bytas
(32 Addrasses)
BO7FH
FC80H saddr Addressing
Paripharal RAM FE20H
Extemnal
Mamory FOFFH Ganaral RAM
Aes 4 |-
Main General Storage FEZFH
RAM Register Storage FEBOH
FFooH Spectal Function il
Reglster Area Area

FFFFH

FF1FH

32 Bytes of SFR Area

83CL-83248
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Special Function Registers

The input/output 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 FFOOH 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 Port0 Po R/W X X — Undefined
FFO2H Port 2 P2 R - X — Undefined
FFO3H Port 3 P3 RW X X — Undefined
FFO4H Port 4 P4 R/wW X X — Undefined
FFOSH Port 5 P5 R/wW X X ~ Undefined
FFO7H Port 7 P7 R — X - Undetined
FFosH 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)* CTXoLwW R — — X Undefined
FF12H-FF13H Capture register 01 (lower 16 bits)* CTo1LW 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 — o 1111B
FF25H Port 5 mode register PM5 w — X — FFH
FF28H Port 8 mode register PM8 \ — X — xx11 11118
FF2oH Port 9 mode register PMg w — X — xxaxx 1111B
FF2AH-FF2BH Free running counter (high 16 bits)* TMOUW R — — X 0000H
FF2CH-FF2DH Timer register 1 T™M1 R - — X 0000H
FF30H-FF31H Capture register X0 (high 16 bits)* CTXouUw R — — X Undefined
FF32H-FF 33H Capture register 01 (high 16 bits)* CToIuw R — — X Undefined
FF34H-FF35H Capture register 02 (high 16 bits)* CTo2UW R — — X Undefined
FF36H-FF37H Capture register 03 (high 16 bits)* CTo3uwW R — — X Undefined
FF38H-FF39H Capture/compare register X0 cCoxouw  RW — — X Undefined
(high 16 bits)*
FF3AH-FF3BH Capture/compare register 01 CColuw  RW — — X Undefined
(high 16 bits)*
FFaoH Port 0 mode control register PMCo W — X — 0CH
FF41H Realtime output port set register RTPS R/wW X X ~ 00H

11
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Table 1. Special Function Registers (coni)

Access Unit (Bits)

Address Register Symbol RW 1 8 16 State After Reset
FF43H Port 3 mode control register PMC3 w — X —_ xxx0 0000B
FF48H Port 8 mode control register PMCs8 w — X —_ xx00 0000B
FF4CH-FF4DH Baud rate generator BRG RW — — X Undefined -
FF60H Realtime 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 RW X X — OO0H N
FFe8H A/D converter mode register ADM RW X X — O0H
FFBAH A/D converter result register ADCR R — — X Undefined

(16-bit access)
FF6BH A/D converter result register ADCRH R — X — Undefined

(high 8 bits)
FF70H-FF71H Compare register 00 CMO00 RW — — X Undefined
FF72H-FF73H Compare register 01 CMo1 RW — — X Undefined
FF74H-FF75H Compare register 02 cMo2 RW — — X Undefined
FF76H-FF77H Compare register 03 CMo3 RW — — X Undefined
FF7CH-FF7DH Compatre register 10 CM10 RW — — 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 — 0CH
FF86H Serial I/O shift register SIO B/W X X — Undefined
FF88H Asynchronous serial interface mode register ASIM RW X X — 80H
FF8AH Asynchronous serial interface status register ~ ASIS — X — O0H
FF8CH Serial receive buffer: UART RXB R - X — Undefined
FF8EH Serial transmit shift register: UART TXS — X — Undefined
FFBOH Timer control register T™MC RW X X — 00H
FFB1H 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 — 0ooH
FFBOH Timer output control register 1 TOCH R/W X X — 00H
FFBFH Real-time 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 — [ole]]
FFC2H Watchdog timer mode register WDM R/w** X X — 00H -
FFC4H Memory extension mode register MM RW X X — Q0H
FFCeH Programmable wait control register PWC RW X X — 22H
FFCOH Feteh cycle control register FCC RW X X — OOH
FFDOH-FFDFH External access area Rw X X — Undefined
FFEOH Interrupt request flag register OL IFOL/IFO RW X X X O0H
FFE1H Interrupt request flag register OH IFOH RW X X — 00H
FFE2H Interrupt request tlag register 1L IF1L/IF1 RW X X X O0H
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/ RW X X X FFH
MKo

FFESH Interrupt mask flag register OH MKOH RW X X — FFH

FFE6H Interrupt mask flag register 1L MK1L/ RW X X X xox x111B
MK1

FFE8H Priority selection buffer register OL PBoL/ R/W X X X OOH
PBC

FFE9H Priority selection buffer register 0H PBOH RW X X — 00H

FFEAH Priority selection butfer register 1L PB1L/ RW X X X O0H
PB1

FFECH Interrupt service mode selection register OL ISMOL/ R/wW X X X O0H
ISMO

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

FFEEH Interrupt service mode selection register 1L IsM1L/ AW X X X 00H
1SM1

FFFOH Context switch enable register OL CSEOL/ RW X X X 00H
CSEo

FFF1H Context switch enable register OH CSEOH RW X X — 00H

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

FFF4H External interrupt mode register 0 INTMO RW X X — O0H

FFF5H External interrupt mode register 1 INTM1 RW X — 00H

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

FFFSH Priority selection register PRSL RW X X — QOH

* 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
371/0 lines. 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 INTP5 interrupt signals,
and the INTP&/TI 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 IO 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 |/O pins can be read with the port still inthe
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 1/O pins in P9. All
these 1/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
(ADg to AD7) and is byte-selectable for input or output.
Port 5 is shared with the high-order address bus (Ag to
Aqs). Depending on the amount of external memory
used, either 8, 6, 4, or 0 bits are available for bit-
selectable [/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
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Figure 3. I/O Circuits
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Real-Time Output Port

Port 0 can function on a bit-selectable basis as a
realtime 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 INTP5 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 fuli-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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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 /0O mode or NEC serial bus interface
(SBI) mode.

Figure 6. Clock-Synchronized Serial Interface
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In the three-wire serial 1/O mode, the 8-bit shift register ~ Each slave yPD78322 family can be programmed in
(SI0) is loaded with a byte of data and eight clock  software torespondto any one of 256 addresses. There
pulses are generated. These eight pulses shift the byte  are also 256 commands and 256 data types. Since all
of data out on the SO line (either MSB or LSB first) and  commands are user-definable, any software protocol,
in on the S1 line, providing full-duplex operation. This  simple or complex, can be defined. It is even possible
interface can also be set to receive only or to transmit  to develop commands to change a slave into a master
only. The INTCSI interrupt is generated after each 8-bit  and the previous master into a slave.

transfer. One of two internal clocks, an external clock,

or the internal baud-rate generator clocks the data. A dedicated baud-rate generator can be programmed

to provide the serial clock to both asynchronous and
The NEC SBI mode is a two-wire, high-speed propri-  clock-synchronized serial interfaces. By choosing the
etary serial interface available on most devices inthe  correct oscillator frequency, the baud-rate generator is
NEC pPD75xxx and uPD78xxx product lines. Devices  capable of generating all of the commonly used baud
are connected in a master/slave configuration (figure  rates from 75 to 19,200 b/s.

7). There is only one master device at a time; all others

are slaves. The master sends addresses, commands,  Real-Time Pulse Unit

and data over one of the serial bus lines (SBO or
SB1)using a fixed hardware protocol sysnchronized
with the SCK line.

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

Figure 7. SBI Mode Master/Slave Configuration

capture registers, two 18-bit registers (capture or com-
Mastsr CPU % Slava CPU pare), and six timed output iatches.
(S81), SBO SBO, (SB1) TMO always counts the internal system clock (divided
Address 1 by 4 or 8) and can be reset by an external reset pulse
SoK SCK only. TM1 can count either the internal system clock
{divided by 8 or 16) or external events. TM1 can be reset
Slave CPU by a compare event (a match between a timer and an
associated compare register) or by an external signal
SB0. (S81) in INTPO.
Address 2
s lsck Capture events can be triggered by external maskable
interrupts INTPO - INTPS5, and compare events can gen-
8 R Slave iC erate interrupts, control timed output pins, or both. In

addition, interrupts INTCMO03 and INTCCX0 can control
the real-time output port

SBO, (SB1)
Address N

The timed output latches share the six pins of port P8.
Four latches can be toggled or set and reset by com-
SacL-&2N 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.

SCK




B L427525 0043L97 Loy ENECE

N EC puPD78322 Family

Figure 8. Real-Time 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 pulse 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 — D03EH
Nonmaskable — NMI NMI input pin External — 0002H 8002H
— INTWDT Watchdog timer overflow internal — 0004H 8004H
Maskable 0 INTOV Timer 0 overflow Internal FEQEH 0006H 8006H
INTPO INTPO pin External FEO8H 0008H 8008H
2 INTP1 INTP1 pin External FEOAH 000AH 800AH
3 INTP2 INTP2 pin External FEOCH 000CH 800CH
4 INTP3 INTPS pin External FEOEH O00EH 800EH
5 INTP4 INTP4 pin External FE10H 0010H 8010H
INTCCX0 CCXO0 coincidence Internal
6 INTPS INTPS pin External FE12H 0012H 8012H
INTCCO1 CCO1 coincidence Internat
7 INTP& INTP6 pin External FE14H 0014H 8014H
8 INTCMO0 CMO00 coincidence Internal FE16H 0016H 8016H
9 INTCMO1 CMO1 coincidence Internal FE18H 0018H 8018H
10 INTCMO2 CMO02 coincidence Internal FE1AH 001AH 801AH
1 INTCMO3 CMO03 coincidence Internal FE1CH 001CH 801CH
12 INTCM10 CM10 coincidence Internal FE1EH 001EH B801EH
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 Internal 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 (IFO, 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 (ISMO,
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1SM1) specify whether an interrupt is processed by
vectoring or macro service.

The priority specification buffer registers (PB0, 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 (CSEO0, 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 IE 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
DI 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,
andthe operation code trap are executed regardless of
the processor’s priority level and the state of the |E bit.
They do not alter the processor’s priority level.

Figure 9. Interrupt Service Sequence

Interrupt Request —[ XXMKxx =1 (Interrupt Masked) Interrupt Pending.
XMKx =0 (Unmasked)

XxISMxx = 1 Macro Service.
XxISMxx = 0 Software Service.

DI Software Interrupt Pending.
El

XXCSExx = 0 Vactored Interrupt.

XXCSExx = 1 Context Switch.
#3CL9330A

Vectored Interrupt

When vectored interrupt is specified for a given inter-
ruptrequest, 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 RETI 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 RF3 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 contro! word. See table 3.

Context Switch Return From Context Switch
Current Active New Active Current Active Former Active
Register Bank Register Bank Reglster Bank Register Bank
AX AX AX AX
immedlats
Data, 16 Bits
BC BC BC BC
> PC PC
RP2 Save Area Save Arsa RP2
PSW PSW
RPS ™ Save Area Save Area RP3
vP VP vP VP
up up UpP up
DE DE ‘DE DE
HL HL HL HL
Program | Program
Countar Counter
Program Program
Status Word Status Word
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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 00H,
the software service routine is entered.

DTACMP Data compare. if the value of the special
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 realtime output port
set or reset ragisters.

BIMLOG Bit logic. Performs the logical AND or OR of a
data byte and the contents of the specified
special function register, stores the result 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).

Data difference with memory pointer. Stores the
difference between the current value of a
specified spacial function register and its
previous value in a byte or word buffer
anywhere in the 64K-byte address space.

DOTADIF-P

DTAADD Data addition. Stores the sum of a byte or word
of data and a specified special function register
in the same or another specified 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 code trap interrupt
occeurs,

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-
piements of each other, the data is not written and an
operation code trap interrupt occurs.

External Reset

The pPD78322 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, AVrer, AVpp, AVss, Vss, Vpp, X1, and X2
are in the high-impedance state,
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ELECTRICAL SPECIFICATIONS Recommended Operating Conditions
Note: Unless otherwise noted, these specifications apply °:°""“°’
tothe entire uPD78322 family. Exceptions for extended Device Ta Voo req, fo¢
temperature range devices may be singled out in the nPD78320/322 -10 to +70°C +50V *10% 810 16 MHz
table.s by the symbols bglow. The applicable symbol is LPD78P322 10 to +70°C 150V 5%
also included in the device part number -
Symbol Operating Temperature Range (A} devices —40to +85°C  +50V *10% -
()* —10 10 + 70°C (standard) (A1) devices -40 to +110°C +5.0V10% 8 to 12 MHz
(A) -40 to +85°C (extended) (A2) devices ~40 to +125°C
(A1) -40 to + 110°C (extended) A
(A2) . -40 to + 125°C (extended) Capacitance
* () = no sutfix Ta = 25°C; Vpp = Vgg = OV
- - Parameter Symbol Max Unit Conditions
Absolute Maximum Ratings th
Ta=25°C input pin C 20t pF f=1MHz;
capacitance unmeasured pins
Supply voltage, Vpp -0.5t0 +7.0V returned to O V
Output pin Co 20 pF
Supply voltage, AVpp -0.5to Vpp+ 05V capacitance
Supply voltage, AVgg -05t0 +05V 1O pin Co 20 pF
Supply voltage, Vpp -05t0 +135V  capacitance
input voltage, V| 1 Cy = 10 pF on (A), (A1), and {A2) devices.
Except P2o/NMI of uPD78P322 -05toVpp + 05V
P2¢/NMI of P D78P322 -05t0 +135V
Output voltage, Vo -05toVpp + 0.5V
Reference intput voltage, AVRgp -0.5to AVpp +0.3V
(hox < 16 MHz2)
Output current, low; o)
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, TsTg ~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 210% (+5% for uPD78P322); Vgg = OV

Devices and their Ty ratings are defined earlier by symbols ( ), (4), (A1), and (A2)

Oscillator Parameter Symbol Min Max Unit Conditions
Ceramic or cystal resonator Oscillation frequency Ty 8 16 MHz
12t
External clock input at X1 Frequency fx 8 16 MHz
12t
Rise time, fall time txR, tXF o] 20 ns
Low-level, high-level width twxe twxn 25 80 ns
461 100t
1 Applicable to (A1) and (A2) devices.
Recommended Oscillator Circuits
A. Resonator Clrcult
Crystal Resonator
Manufacturer Part No. C1,C2
Kinseid Co. Ltd. HCA4%/U-S 10 pF
or HCA%Y

B. External Clock Circult

Clock

HCMOS
Inverters

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

X1

B833CL-9331B
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DC Characteristics
Vpp = +50V 10% (£5% for uPD78P322); Vg = OV
Devices and their T4 ratings are defined earlier by symbols { ), (4), (A1), and (A2)

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low Vi 0 0.8
Input voltage, high ViH1 22 \ (Note 1)
ViHz 0.8 Vpp v (Note 2) )
Output voltage, low Vou 0.45 v lop = 20 mA
Output voltage, high VoH Vpp-1.0 v loy = —400 yA
Input leakage current 1Lt *10 HA Vi= 0toVpp ’
Output leakage current o *10 A Vo = 0toVpp
Vpp supply current Ipp1 40 65 mA Operating mode
o2 20 35 mA HALT mode
45 (Note 3)
Data retention voltage VppoR 25 V' STOP mode
Data retention current IppDR 2 10 HA STOP mode; Vpppr = 25V
100 (Note 3)
10 50 uA STOP mode; Vpppr = 5.0 V £10% (£5% for
1000 (Note 3) PD78P322)
Notes:
(1) All except pins in Note 2. (3) Applicable to (A1) and (A2) devices.
{2) Pins RESET, X1, X2, P2p, INTPn, NMI, Ti, P3/SB0/SO, P33/SB1/
S1, P34/SCK.

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

() and (A) (A1) and (A2)
Parameter Symbol Min Max Min Max Unit Conditions

External Memory Read/Write Operation

System clock cycle time oYK 125 250 166 250 ns toyk equals twice the period of the erystal or
external clock input.
Address setup time to ASTB | tsasT 32 43 ns  toyk = 125ns
Address hold time after ASTB{  thgTa 32 53 ns
Address to RD + delay time tpaR 85 126 ns
RD 4 to address floating trra ] 0 ns
Address to data input tpaio 222 326 ns |
D | to data input toRIDY 112 174 ns
ASTB 4 to RD 4 delay time tpsSTR 42 63 ns .
Data hold time from RD tHRID ] 0 ns
RD t to address active tDRA 50 () 58 ns
37 (A)
RD width low twRL 157 219 (A1) ns
209 (A2)
ASTB width, high twsTH 37 58 ns
Address to WR { delay time tpaw 85 126 ns
ASTB ¢ to data output tpsTOD 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 | to data output towop T 40 40 ns toyk = 125 ns
: ASTB 4 to WR { delay tosTw 42 63 ns

Data setup time to WR * tsopw 147 204 ns

Data hold time after WR t thwoo 32 53 ns

WH width, low twwl 157 209 ns

WR 110 ASTB delay time towsT 42 63 ns

Serial Port Operation

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

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

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

Sl setup time to SCK sRXSK 80 80 ns

S! hold time after SCK ¢ tHsKRx 80 80 ns

SCK | to SO delay time 1DSKTX 210 210 ns R=1kQ C = 100 pF

Other Operations

NMI high/low-level width twNiH BWNIL 5 s

INTPO highflow-level width twion: twiol 8 tovk

INTP1 high/low-level width Witk twitt 8 tovyk

INTP2 high/low-level width twigh, twieL 8 tovk

INTP3 high/low-level width twisH, WisL 8 tevk

INTP4 high/low-level width twiaH» tWial 8 toyk

INTPS high/low-level width wisH: tWisL 8 teyk

INTP6 high/low-leve! width twisH: twieL 8 tovk

RESET high/low-level width twRsH: twRSL 5 us

Ti high/low-level width WTIH WTIL 8 tovyk During TM1 even-counter mode
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Timing Dependent on tcyk Timing Dependent on tgyk (cont)
Symbol Calculation Formula Min/Max Unit Symbol Calculation Formula Min/Max Unit
tpain 25+ nT-90 Max ns twsTH 0.5T-25 Min ns
toaR T-40 Min ns twwi (1.5+ nNT-30() (A Min ns
toaw T-40 Min ns 8\:) + mT-40 (A1)
oA g:g—gg ((A; (A1) A2) M " wioh: twior 8T Min ns )
tpRID1 (1.5+nT-75 Max ns twinh: twiL il Min ns
tpsToD 0.5T + 40 Max ns twizrt twer 8T Min ns )
tpsTR 0.5T - 20 Min ns twigh: twial il Min ne
tosTw 0.5T - 20 Min ne  wlH by il Min ns
towsT 05T 20 Min ns  WisH: twist il Min ns
towob 05T - 11 Min ns twisH: tWisL il Min ns
tHsTA 0.5T — 30 Min ns Wi Wil 8T Min ns
tywob 0.5T - 30 Min ns Notes:
tsAST 0.5T-30() (A Min ns (1) n is the number of wait cycles specified by the PWC register.
0.5T - 40 (A1) (A9) @ T = toyk (ns)
tsopw 1.5T-40 () () Max ns (3) Devices and their T ratings are defined earlier by symbols ( ).
0.5T - 45 (A1) (A2) (A), (A1), and (A2)
twRL (1.5 +nT-30 Min ns

A/D Converter Characteristics
Vpp = +5V £10% (5% for uPD78P322); AVgg = Vgg = 0 V; AVpp = (Vpp - 0.5 V) te Vpp
Devices and their Ty, ratings are defined earlier by symbols ( ), (A), (A1), and (A2}

Parameter Symbol Min Typ Max Unit Conditions
Resolution 10 Bit
Relative accuracy* *0.4 () % t AVRer = 4.5V to AVpp
+0.3 (A) (A1) (A2)
+0.7 () % t AVRee = 3.4V to AVpp
+0.3 (A) (A1) (A2)
Quantization error *1/2 LsSB
Conversion time tconv 144 toyk
Sampling time tsamP 24 tevk
Zero-scale error* +1.5 +25 LsB AVRer = 4.5V to AVpp
+15 +45 LsB AVRgr = 3.4V to AVpp *
Full-scale error* *1.5 *25 LsB AVper = 4.5V to AVpp
+1.5 +45 LSB AVREF = 3.4V to AVpp
Nonlinearity error* +1.5 25 LSB AVRep = 4.5V to AVpp )
*1.5 +4.5 LsB . AVRefr = 3.4V to AVpp
Analog input voltage VIaN -03 AVREp + 0.3 v
Reference voltage AVREF 3.4 0r45 AVpp ' v
AVRgF current Alpgef 1.0 3.0 mA

AVpp power current Alpp 20 6.0 mA
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A/D Converter Characteristics (cont)

Parameter Symbol Min Typ Max Unit Conditions
A/D converter data AlppR 2 100) @A A STOP mode; AVppR =
retention current 100 (A1) (AQ) 25V
10 50 () (A A STOP mode; AVppg =
1000 (A1) (A2) 5V £10% (£5% for

HPD78P322)
Analog input Ran 10 MQ Nonsampling
impedance :

Sampling

* Does not include quantization error
1 Unit is percent of full-scale range (FSA)

A/D Converter Input Circuit

12 AVRep
20k ADCR
Analog T AMA———— Ragister
Input Sample and Comparator
-[ 30 pF Hold  —=40pF
Values listed are typlcal. a7 i
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Timing Waveforms

AC Timing Test Points
v .
Lo >¢ 0.8Vppor22V i(
08V
ov
B3CL-9140A .
Read Operation
l t | -
CYK [
Clock
7 4
P57-P50 >§ Address (High Byte) >§
K X
< tpAID

[ —tppaA—>

—
ASTE /—\_

twsTH———> tpsTR-> [*<—tDRID1—>

Hghz X 4 4 High Z
Pa7-Pag L{ Address (Low Byte) <<§ Read Data Address 0-7 >¢-
K N X
e——tsAST—> tHSTA tHRID —
—> tFRA
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uPD78322 Family

Timing Waveforms (cont)

Write Operation
toyk———>

Clock

4
P57-PSp >§ Addrass (High Byte) X
K
4 Y 4
P47-Pag X Address (Low Byts) §< Undefined >§ Write Data Address 0-7
K 2 X
[€e——tgagT—> tHSTA> <<-tHWOD
tpsTOD——>
—
ASTB
'WSTH—>| [<-tpsTw->| [<—tpwop—>|<tsopw>] «—tpwsT
(——IWWL—>
__ 4
WA Z
K 7
[e—————————t DAW————————>
B83AD-8740B
Interrupt Input
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Timing Waveforms (cont)

Serial Port Operation

B3IFM-9333B

Reset Input
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PROM PROGRAMMING

Table 3. Pin Functions During PROM

Programming

The PROM in the uPD78P322 is one-time programmable
(OTP) or ultraviolet erasable (UY EPROM). The 16,384 x
8-bit PROM has the programming characteristics of an

Normal Operating Programming
Function Mode Mode

NEC uPD27C256A. Table 3 shows the functions of the ~ Address input Eg" : §§7' PBo, P20, Ao~ A
uPD78P322 pins in normal operating mode and PROM . T
programming mode. Data input Pdg - P44 Dg - Dy
Chip enablef P3, CE

PROM Programming Mode program puise

= T . . OE
When the RESET pin is set high and AVpp is set low, the ~ 2|tPut enable P
UPD78P322 enters the PROM programming mode, Op-  Program voltage Ver Vep
eration in this mode is determined by the setting ofthe ~ Mode voltage RESET, AV RESET, AV
gration 4 Dy DD 2]
CE, OE, Vpp, and Vpp pins as indicated in table 4.
Table 4. Operation Modes For Programming
Mode RESET AVpp CE OE Vpp Voo Do - D7
Program write H L L H +125V +6.0V Data input
Program verify H L H L +12.5V +6.0V Data output
Program inhibit H L H H +125V +6.0V High impedance
Read H L L L +50V +50V Data output
Quput disable H L L H +50V +50V High impedance
Standby H L H L/H +50V +50V High impedance
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Figure 11. Pin Functions in nPD78P322 PROM Programming Mode; 68-Pin PLCC or LCC

g a8 g
I's A \é”ng A N
OO0 000000[00ennn
/‘””"“""“"""3.’;%838%5
e 10 O e[l
cEO 11 59]}(6)
O 12 ss 0
(L){E 13 s7 1 Vpp
O 14 568 1
Ag 15 s5 [
Aip O 18 sa 0
A1 17 s3]
A1 18 uPD78P322 s2 1 ©
A3 19 s1
A4 20 s0 1
RESET [ 21 a1
(Open) O] 22 481Dy
@0a2s 47 d Dg
ves [ 24 48 [1 D5
(Open) [ 25 45 [1 Dg
Ag] 28 44 {1 D3
RE28-883IBBER8eTYY
ULl guUUULJduy
FeLILLLEY T r §SSE
> > = oo.
Note: =
Recommended connections for pins not used during
PROM programming:
{L) Connect to Vgg through a reslstor.
(G) Connectto Vgs.
{Open) No connection.
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Figure 12. Pin Functions in xPD78P322 PROM Programming Mode; 80-Pin QFP or LCC

-

g o8

N S}
ngonoooonaononnn
807078 77 78 75 74 73 72 71 70 69 68 67 66 65

O

W NG L DN -

- D
(=]

wPD78P322

SLIRBLERLELELEE8B32R3

F -3
©

ERESELS

Note:
Recommended connections for pins not used during
PROM programming:
(L) Connect to Vgg through a resistor.
(G) Connectto Vgs.
(Open) No connection
(NC) Connact to Vgg to prevent nolse.
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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 pinand +125V to Vpp‘pin.
(3) Provide initial address to pins Ag - A4,

(4) Provide write data.

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

(6) Use verify mode (pulse 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,
go to step 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.

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
infigure 11 or 12. Set RESET high and AVpp low. CE
and OE should be active high.

(2) Supply +5 V to 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 - D7.

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 pW/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
Tao = 25 *5°C; Vgg = 0V

Parameter Symbol  Symbol (Note 1) Condition

High-level input voltage Vi ViH

Low-level input voltage ViL

Input leakage current Iy 0 < V| < Vppp (Note 2)

High-level output voltage g loy = —400 A

Low-level output voltage ' lo = 20 mA
A9 pin input current A9 (P2o/NMD
Output leakage current 0= Vo < Vppp, CE = ViH

PROG pin high-voltage input current +10

Vppp power supply voltage 575 6.0 6.25 v Program memory write mode
4.5 5.0 55
Vpp power supply voltage 125 128

Vep = Vppp
Vppp power supply current 10 30 mA

10 30 mA  Program memory read mode
CE= Vi, V= Vi

Vpp power supply current 30 mA ﬂ)gram memory write mode
CE = Vy, OE = V)

LA Program memory read mode

Notes:
(1) Corresponding symbols for the uPD27C256A (@) Vppp is the Vpp pin during programming

AC Programming Characteristics
Ta = 25 £5°C; Vgg =0V

Parameter Symbol Symbol (Note 1) Condition
Address setup time to CE | tsac tas

Data to to OE ¢ delay time topoo toes

Input data setup time to CE ¢ tsinc tps

Address hold time after CE tHea tan

Input data hold time after CE t tHeio toH

Output data hold time after O t tHooD toe

Vpp setup time before CE} tsvpec tvps

Vppp setup time before CE 4 tsvoc vps

Initial program puise width w1 trw

Additional program pulse width twiz topw

Address to data output time tbaoD tacc

OE ¢ to data output time tooop toe

Data hold time after OF ¢ tHeop

Data hold time after address not valid tHAaOD

Notes:
(1) Corresponding symbols for the uPD27C256A.
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PROM Timing Diagrams
Write Mode

y
Ag-Ag2 j Effective address K
—»] ’(- tsac -)1 <- tHoOD —)' tHeA I(—

s \ \
DyD; ———§t Oatamput g: Data output ’Hj g‘ Data Input 7}———

tsioc > e > e tyep tsipc—> e > < ‘oo

<
il
'l
T

—» <~ tsvpc

Voop
—>» [— tSVDC
v, LE
_Ym T/ 7 \ S
cE \t JZ \
7
I
> DDOO
twii I(_ w2
R | tboop
_ Vm 4
OE
Vi
Notes:
[1] Vppp must be applied before Vpp Is applled and
must be d after Vpp Is d

[2] Vpp must not exceed +13 V Including ovarshoot voltage.
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PROM Timing Diagrams (cont)

Read Mode
y y
Ap-A12 Xt Effective address ,K
o \
7
tycop
'DoOD —> <
[« tpaop ——> tHAOD >
HI-Z H-Z
Dply === m m i ———— — 4 Deta output F-—-—-=---
3YL-8846B
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INSTRUCTION SET Instruction Set Symbols (cont)
The uPD78322 family instruction set features 8- and ~ Symee! 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
u_Iatlon instructions are also |pclyded. Branch instruc- (g e 8-bit two's complement displacement (immediate
tions exist to tgst individual bits in the program status data displacement value —128 to +127)
y;nt)rd. thec:?t"b't agc;umula:_tor, trf'e Sper‘]:.'a' functllon 0 it 3 bits of immediate data (bit position in byte), or
isters, an elsa hl; por 1|on gbon-cdlp RAdM. nstru:— label
tions range inlength from 1 to 6 bytes depending on the - - -
instruction and addressing mode. 2 8 bits of immediate data
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 changs addr1é 16-bit address
0 Setto 0 laddr11 11-bit immediate address or label
] Setto 1 addr11 0800H-OFFFH: 0800H + (11-bit immediate
address), or label
X Set or cleared according to result addrs 0040H-007EH: 0040H + 2 X (5-bit immediate
P P/V indicates parity of resuit address), or label
\ P/V Indicates arithmetic overtlow 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, AY, R10, R11, E E register
R12, R13, R14, R15 H H register
n RO, A1, R2, A3, R4, A5, R, R7 L L register
2 GB RO-R15 Register 0 to register 15
i RPO, RPt, RP2, RP3, RP4, RPS, ARG, RPT* AX Register pair AX (16-bit accumulator)
rpl RPO, RP1, RP2, RP3, RP4, RPS, RP6, 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
sot to 1 indicate register pairs to be pushed/ PC Program counter
popped toffrom stack; RP5 pushed/popped by
PUSH/POP, SP is stack pointer; PSW pushed/ SP Stack pointer
popped by PUSHU/POPU, RPS is stack pointer. uP User stack pointer (RP5)
mem Register indirect: EE{E]’][?\H;] [I[)S;i], [HL+], [DE-], pPSW Program 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 8 bits of PSW
Base Mode: [DE+ byte], [HL+ byte], [VP+ byts], cY " Carry flag
[UP+ byte], [SP+ byte] —
Index Mode: word [A], word [B], word [DE], word AC Auxiliary carry flag
HU 4 Zero flag
saddr FE20-FF1FH: Immediate byte addresses one byte PV Parity/overflow flag
in RAM, or label s Sign flag
saddrp FE20-FF{FH: Immediate byte (bit 0=0) addresses TPF Table position flag

one word in RAM, or labe!
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, Instruction Set Symbols (cont)
% Symbol Definition
ABS Register bank select flag
3 RSS Register set select flag
j IE Interrupt enable flag
) STBC Standby contro! 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

n» Contents of the memory location defined by the
quantity within the sets of parentheses

xxH Hexadscimal quantity

Xrr Xr 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 ] AC PN CcY

8-Bit Data Transfer

MOV r1, #byte r « byte 2
saddr, #byte (saddr) « byte 3
sfr, #byte (Note 1) sfr « byte 3
rrt r« 1 2
A Aenl 1
A, saddr A « (saddr) 2
saddr, A (saddr) « A 2
saddr, saddr (saddr) « (saddr) 3
A, sfr A « sfr 2
sfr, A sfre 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, laddri6 A « (addr16) 4
laddris, 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 Aeri 1
rnm rert 2
A, mem A & (mem) 2.4
A, saddr A < (saddr) 2
A, sfr A o 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
rp, rpl rp « 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 z AC PNV cY

16-Bit Data Transfer (cont)

MOVW AX, sfrp AX « sfrp 2

(cor) strp, AX sfrp «— AX 2
rp1, taddr1é rp1 <« (addr16) 4
laddr16, rp1 (addr16) « rp1 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, rpt rp « rpi 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
nn LCY+r+ 11 2 X X X v X
A, saddr A, CY « A + (saddn) 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 \ 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 V' X
sfr, #byte sfr, CY « sfr + byte + CY 4 X X X V' X
rrl LCY«r+nm+ 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 \ 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

SuB 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
nn LCYer-n 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 \ X
saddr, saddr (saddr), CY <« (saddr) - (saddr) 3 X X X v X
A, mem A, CY « A — (mem) 2-4 X X X \ X
mem, A (mem), CY « (mem) - A 2-4 X X X \ X
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Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S F4 AC PN 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 \ X
sir, #byte sfr, CY « sfr — byte — CY 4 X X X \ X
L LCY«r-r-CY 2 X X X v X
A, saddr A, CY « A — (saddr) - CY 2 X X X \ 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 \' X
A, mem A, CY « A— (mem) - CY 2-4 X X X \ X
mem, A {mem), CY « (mem) - A-CY 2-4 X X X \' X
8-Bit Logic
AND A, #byte A« AN byte 2 X X P
saddr, #byte (saddr) < (saddr) /\ byte 3 X X P
sfr, #byte sfr « sfr /\ byte 4 X X P
nr rerAr 2 X X P
A, saddr A<« A /\ (saddr) 2 X X P
A, sfr Ae AN str 3 X X P
saddr, saddr (saddr)« (saddr) A\ (saddr) 3 X X P
A, mem A« AN (mem) 2-4 X X P
mem, A {mem) « (mem) A A 2-4 X X P
OR A, #byte A« AV byte 2 X X P
saddr, #byte {saddr) « (saddr) V byte 3 X X P
sfr, #byte sfr « sfr V byte 4 X X P
L rerVr 2 X X P
A, seddr A <AV (saddr) 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) V" byte 3 X X P
sfr, #byte str « sfr 'V byte 4 X X P
nr rer¥r 2 X X P
A, saddr A« AV (saddr) 2 X X P
A, sfr A« AV sfr 3 X X P
saddr, saddr (saddr)« (saddr) ¥ {saddr) 3 X X P
A, mem A « A Y (mem) 2-4 X X P
mem, A (mem) « (mem) ¥ A 2-4 X X P
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NEC uPD78322 Family

Instruction Set (cont)

Flags

Mnemonic Operand Operation Bytes S z AC PNV Cy

8-Bit Logic (cont)

CMP A, #byte A - byte 2 X X X v X
saddr, #byte (saddr) - byte 3 X X X v X
sfr, #byte sfr— byte 4 X X X v X
[l r-n 2 X X X A X
A, saddr A - (saddr) 2 X X X V' X
A, sfr A —sfr 3 X X X v X
saddr, saddr {saddr) — (saddr) 3 X X X v X
A, mem A - (mem) 2-4 X X X V' X
mem, A (mem) — A 2-4 X X X \ X

16-Bit Arithmetic

ADDW 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 V' X
tp, 1p1 rp, CY «rp + 1p1 2 X X X v X
AX, saddrp AX, CY « AX + (saddrp) 2 X X X \ X
AX, sfrp AX, CY « AX +sfrp 3 X X X v X
saddrp, saddrp (saddrp), CY « (saddrp) + (saddrp) 3 X X X v X

susw 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 V' X
tp, rp1 rp, CY « rp — 1p1 2 X X X v X
AX, saddrp AX, CY « AX — (saddrp) 2 X X X v X
AX, strp AX, CY « AX - sfrp 3 X X X v 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 A X
sfrp, #word sfrp — word 5 X X X v X
rp, rpl rp —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 v X
saddrp, saddrp (saddrp) — {saddrp) 3 X X X ' X

Multiplication/Division

MULU lq] Al Axr 2
Divuw | AX {quotient), r1 {remainder) « AX +— r1
MULUW rpl AX (high-order 16 bits), rp1 (low-order 16 bits)
« AX x rpt
DIVUX pl AXDE {quotient), rp1 (remainder) <« AXDE =+ rpt
MULW rpt AX (high-order 16 bits), rp1 (low-order 16
(Note 3) bits) «— AX x rp1
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puPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S z AC PV CcY
Increment/Decrement
INC r M+ 1 X X X '
saddr (saddr) < (saddn + 1 2 X X X \
DEC i Meri-1 1 X X X v
saddr (saddr) « (saddr) — 1 2 X X X \
INCW p2 rp2 « p2 + 1 1
saddrp (saddrp) « (saddrp) + 1 3
DECW tp2 rp2 < rp2 - 1 1
saddrp (saddrp) < (saddrp) - 1 3
Shift/Rotate
ROR i, n (CY, r17 <= g, g < ) x ntimes 2 P X
ROL mn,n (CY, My« 7, gy 1 < ) x n times 2 P X
RORC 1, n (CY <« rlp, 17« CY, rlg_q « rip) x n times 2 P X
ROLC M, n (CY <1y, Mg« CY, rlgy g« 1) x ntimes 2 P X
SHR M, n (CY « rip, 117« 0, My_g < rip) x n times 2 X X 0 P X
SHL M, n (CY « 117, Mg« 0, My 1 < M) X ntimes 2 X X 0 [ X
SHRW 1, n (CY « rplg, 1pl1s « O, pIy—q < tP1y) X n times 2 X X 0 P X
SHLW i, n (CY « 1ply5, 1p1p < 0, rPIp4 1 < TP1m) x n times 2 X X 0 P X
ROR4 [rp1} Ag-g« (Pz-0 (PN7-4< As-q 2
(rpl)a—o < (rpPY)7-4
ROL4 [rpt] Az g« (rPl)7-4 ((PV3-0 ¢ Ago 2
(rpl)7-4 < (tPl)30
BCD Adjustment
ADJBA Decimal adjust accumulator after add X X
ADJBS Decimal adjust accumutator after subtract X X
Data Expansion
CVTBW XA Agg—As 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 2 X
saddrhit, CY (saddrbit) < CY 3
sfr.bit, CY sfrbit « CY 3
A.bit, 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
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NEC puPD78322 Family

Instruction Set (cont)

Flags

Mnemonic Operand Operation Bytes S z AC PV cY

Bit Manipulation (cont)

AND1 CY, saddrbit CY « CY /\ (saddrbit) 3 X
CY, /saddr.bit CY « CY A\ (saddrbit) 3 X
CY, sirbit CY « CY N\ sfrbit 3 X
CY, /sfebit CY « CY A sfrbit 3 X
CY, Abit CY « CY N\ Abit 2 X
CY, /A.bit CY « CY A Abit 2 X
CY, X.bit CY « CY A\ X.bit 2 X
CY, /X.bit CY « CY A Xobit 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 /\ PSWLbit 2 X

OR1 CY, saddrbit CY « CY V (saddrbit) 3 X
CY, /saddtbit CY « CY V (saddrbit) 3 X
CY, sfrbit CY « CY V sfrbit 3 X
CY, /sfrbit CY « CY V sfrbit 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 PSWH.bit 2 X
CY, PSWL.bit CY « CY V PSWL.bit 2 X
CY, /PSWL.bit CY « CY V PSWL.bit 2 X

XOR1 CY, saddrbit CY « CY V¥ (saddrbit) 3 X
CY, strbit CY « CY ¥ strbit 3 X
CY, A.bit CY « CY V" A.bit 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 B 2 X

SET1 saddrbit (saddrbit) « 1 2
sfrbit sfrbit « 1 3
A.bit A.bit e 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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pPD78322 Family NEC

Instruction Set (cont)

Flags
Mnemonic Operand QOperation Bytes s z AC PN cY
Bit Manipulation (cont)
CLR1 saddr.bit (saddrbit) « 0 2
sfrbit sfrbit « 0 3
A.bit A.bit« 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 (saddr.bit) « (saddrbit) 3
sfrbit sfrbit « sfrbit 3
A.bit A.bit < A.bit 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
SETt CcY CY «1 1 1
CLR1 CcY CY«0 1 o]
NOT1 cY CY«CY 1 X
Subroutine Linkage
CALL laddri6 (SP-1) « (PC + 3)py, (SP-2) « (PC + 3L, 3
PC « addr16, SP « SP - 2
1pt (SP-1) « (PC + 2y, (SP-2) « (PC + 2)L, 2
PCy < rply, PCp < rp1, SP«SP -2
[rp1] (SP-1) « (PC + )y, (SP-2) « (PC + 2}, 2
PCh « (rp1 + 1), PG| « (p1), SP < 8P -2
CALLF taddr11 (SP-1) « (PC + 2}y, (SP-23) « (PC + 2}y, 2
PCy5-11 + 00001, PCyg o « addri1, SP <SP -2
CALLT [addr5) {SP-1) « (PC + 1)y, SP-2) « (PC + 1), 1
PCy « (TPFx8000H + 2 x addr5 + 41H),
PCy « (TPFx8000H + 2 x addr5 + 40H), SP «
SP-2
BRK (SP-1) « PSWH, (SP - 2) « PSWL, (SP - 1
3) « (PC + 1)y, (SP-4) « (PC + 1)y,
PC| « (003EH), PCy « (003FH), SP « SP - 4,
IE«0
RET PCL« (SP), PCy« (SP + 1), SP« SP + 2 1
RETB PCy « (SP), PCy « (SP + 1), PSWL < (SP + 2), 1 R R R R R
PSWH« (SP + 3),8P«SP + 4
RETI PCy <« (SP), PCyy < (SP + 1), PSWL « (SP + 2), 1 R R R R R
PSWH «+ (SP + 3),SP<«SP + 4
Stack Manipulation
PUSH sfrp (SP - 1) « sfry, (8P - 2) « sfr, SP+SP -2 3
post {(SP - 1) « rppy, (SP ~ 2) « rppy, SP « SP -2} x 2

n (Note 5)

PSW (SP — 1) « PSWH, (SP —2) « PSWL, SP « SP ~ 2 1
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NEC

pHPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S 4 AC PNV CcY
Stack Manipulation (cont)
PUSHU post {(UP ~ 1) « rppy, (UP - 2) « rppL, UP « UP - 2} x 2
n {Note 5)
POP sfrp sfr « (SP), sfry « (SP + 1), SP« SP + 2 3
post {rppL « (SP), rppy « (SP + 1), SP«SP + 2} x n 2
(Note 5)
Psw PSWL « (SP), PSWH « (SP + 1),SP«SP + 2 1 R R R R R
POPU 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 spP SP «SP + 1 2
DECW SP SP«SP-1 2
Pin Level Test
CHKL sfr (Pin level) ¥ (internal signal level) 3 X X
CHKLA sfr A « (Pin level) ¥ (internal signa! level) 3
Unconditional Branch
BR laddrié PC <« addri6 3
pl PCH « rpty, PCL « rpi 2
[rp1] PCH « (rp1 + 1), PC_« (rp1) 2
$addr16 PC « PC + 2 + jdisp8 2
Conditional Branch
BC, BL $addr1é PC« PC + 2 + jdisp8if CY = 1 2
BNC, BNL $addr1é PC«PC+ 2 + jdispBifCY =0 2
BZ, BE $addr16 PC«PC + 2 + jdisp8ifZ = 1 2
BNZ, BNE $addri6 PC«PC+ 2 + [dispBifZ =10 2
BV, BPE $addr16 PC «PC + 2 + jdisp8 if P/V = 1 2
BNV, BPO $addr16 PC« PC + 2 + jdispBif P/V =10 2
BN $addr16 PC« PC + 2 + jdisp8ifS = 1 2
BP $addr16 PC«PC+ 2+ jdisp8ifS = 0 2
BGT $addri6 PC«PC + 3 + jdisp8if P/VVS)VZ=0 3
BGE $addr16 PC« PG+ 3+ jdisp8if P/V VS =0 3
BLT $addr16 PC« PC + 3 + jdisp8if P/V ¥ S = 1 3
BLE $addr16 PC«PC + 3+ [dispBif (P/VV'S)VZ=1 3
BH $addri6 PC«PC+ 3+ [disp8ifZVCY =0 3
BNH $addré PC«PC + 3+ jdispB8ifZV CY = 1 3
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NEC

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S AC PN CY
Conditional Branch (cont)
BT saddrbit, $addr16 PC « PC + 3 + jdisp8 if (saddrbit) = 1 3
sfrbit, $addr16 PC « PC + 4 + jdisp8 if sfrbit = 1 4
A.bit, $addr16 PC « PC + 3 + disp8 if A.bit = 1 3
X.bit, $addr1é PC « PC + 3 + jdispB if X.bit = 1 3
PSWH.bit, $addr16 PC « PC + 3 + jdisp8 if PSWH.bit = 1 3
PSWL.bit, $addr16 PC « PC + 3 + |disp8 if PSWL.bit = 1 3
BF saddrbit, $addri6 PC « PC + 4 + jdisp8 if (saddrbit) = 0 4
sfrbit, $addr16 PC « PC + 4 + disp8 if sfrbit = 0 4
A.bit, $addr16 PC «- PC + 3 + jdisp8if Abit = 0 3
X.bit, $addr16 PC « PC + 3 + jdisp8 if X.bit = 0 3
PSWH.bit, $addr16 PC « PC + 3 + disp8 it PSWH.bit = 0 3
PSWL.bit, $addrié PC « PC + 3 + |disp8 if PSWL.bit= 0 3
BTCLR saddrbit, $addr16 PC « PC + 4 + jdisp8 if (saddrbit) = 1 then reset 4
(saddrbit)
sfrbit, $addrié PC « PC + 4 + jdisp8 if sfrbit = 1 then reset 4
sfr.bit
A.bit, $addr16 PC « PC + 3 + jdisp8 if A.bit = 1 then reset A.bit 3
X.bit, $addr16 PC « PC + 3 + disp8 if X.bit = 1 then reset X.bit 3
PSWH.bit, $addr16 PC « PC + 3 + disp8 if PSWH.bit = 1 then reset 3
PSWH.bit
PSWL.bit, $addri6 PC « PC + 3 + |disp8 if PSWL.bit = 1 then reset 3 X X X X
PSWL.bit
BFSET saddrbit, $addr16 PC « PC + 4 + jdisp8 if (saddrbit) = O then set 4
(saddr.bit)
sfrbit, $addr16 PC « PC + 4 + disp8 if sfrbit = 0 then set sfrbit 4
A.bit, $addri6 PC « PC + 3 + disp8 if A.bit = O then set A.bit 3
X.bit, $addr16 PC « PC + 3 + jdisp8 if X.bit = O then set X.bit 3
PSWH.bit, $addri6 PC « PC + 3 + jdisp8 if PSWH.bit = 0 then set 3
PSWH.bit
PSWL.bit, $addr16 PC « PC + 3 + jdisp8 if PSWL.bit = 0 then set 3 X X X X
PSWL.bit
DBNZ 12, $addr16 2« 12~1, then PC« PC + 2 + jdisp8if (12) = 0 2
saddr, $addr16 (saddr) « (saddr) — 1, then PC « PC + 3 + jdisp8 3
if (saddr) = 0
Context Switching
BRKCS RBn ABS;.9 « n, PCy « R5, PC « R4, R7 « PSWH, 2
F6 « PSWL,ASS + 0, [E« 0
RETCS laddr16 PCy « R5, PC_ + R4, RS « addriéy, 3 R R R R
R4 « addri6, PSWH « R7, PSWL « R6 (priority
change)
RETCSB laddr16 PCy « F5, PC| « R4, R5 « addriéy, 4 R R R R

R4 « addr16;, PSWH « R7, PSWL « R6
(no priority change)
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NEC pPD78322 Family

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S z AC PV Cy
String Manipulation
MOVM [DE+]. A (DE+) < A,C«C-1EndifC=0 2
{DE-], A DE-) <A, C—C1ERdifC=0 2
MOVBK [DE+}, [HL+] (DE+) « (HL+),C«~ C-1EndifC =0 2
[DE-], [HL-] (DE-) <~ HL), C+«C-1EndifC= 0 2
XCHM [DE+], A (DE+)« A, C<C-1EndifC=0 2
[DE-], A DE-) A, CeC-1EndifC=0 2
XCHBK [DE+], (HL+] (DE+) e (HL+), C«~ C-1 EndifC= 0 2
{DE-], [HL-] (DE-) & (HL-), C« C-1End ifC =0 2
CMPME [DE+], A CE+)-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=0orZ=0 2 X X X v X
[DE-], [HL-] PE) -(HL), C«~C-1EndifC=00rZ=10 2 X X X v X
CMPMNE [DE+], A (DE+)-A,C+—C-1EndifC=00rZ=1 2 X X X v X
[DE-], A (DE-)~A, C«C-1EndifC=0o0rZ2=1 2 X X X v X
CMPBKNE [DE+], [HL+] (DE+)-(HL+),C«C-1EndifC=0o0rZ= 1 2 X X X v X
[DE-), [HL-] (DE9)-(HL), C«—C1EndifC=00rZ=1 2 X X X v X
CMPMC [DE+], A (DE+)-A,C+~C-1EndifC=00rCY =0 2 X X X v X
[DE-], A (DE-)-A, C«C-1EndifC=00rCY =0 2 X X X v X
CMPBKC [DE+], [HL+1] (DE+)-(HL+),C« C-1EndifC=00rCY=0 2 X X X v X
[DE-], [HL-] (DE-)-(HL9), C«~C-1EndifC=00rCY =0 2 X X X v X
CMPMNC [DE+], A (DE+)-A,C+ C1EndifC=0orCY =1 2 X X X v X
[DE-], A (DE-)-A,C«C-1EndifC=00rCY = 1 2 X X X v X
CMPBKNC [DE+], [HL+] (DE+)-(HL+),C«C-1 EndifC = Qor CY = 1 2 X X X v X
[DE-], [HL-] (DE-)~ (HL9), C« C-1EndifC=0orCY = 1 2 X X X v X
CPU Controf
MOV STBC, #byte STBC <« byte (Note 6) 4
WDM, #byte WDM <« byte (Note 6) 4
SWRS RSS « RSS 1
SEL RBn RBS3.0 < n, RSS « 0 2
RBn, ALT RBS3.g « 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:
(1) 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.,

A

@
@
®

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.

(6]

&£

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),

(SP-4) « (PC—4)|, PC|_ « (C03CH), PCy < {003DH).

SP « SP-4, [E « 0.
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NEC HPD78322 Family

SOLDERING
Packaging and Soldering Information
Part Number Package Package Drawing Recommended Soldering Code
uPD78320GF 80-pin plastic QFP PBOGF-80-3B9-1 IR30-162
GF(A)
GF(A1)
GF(A2)
©PD78320L 68-pin PLCC PEBL-50A1-1 IR30-00, VP15-00
L)
L(A1)
LA2)
HPD78322GF-xxx 80-pin plastic QFP PBOGF-80-3B9-1 IR30-162
GF(A)-00¢
GF(A1)-0x
GF(A2)-0x
HPD78322L-xxx 68-pin PLCC PE8L-50A1-1 IR30-00, VP15-00
L{A)-xxx VP15-00
L{A1)-00x VP15-00
L(A2)-xxx VP15-00
pPD78P322GF 80-pin plastic QFP P80GF-80-3B9-1
uPD78P322L 68-pin PLCC P68L-50A1-1
HPD78P322KE 80-pin ceramic LCC X80KW-80A
with window
uPD78P322KC 68-pin ceramic LCC X6 8KW-50A

with window

Soldering Conditions
Method (Note 1) Code Soldering Conditions (Note 2) Exposure Limit (Note 3)

Infrared reflow IR30-00 Package peak temp: 230°C No limit
|R30-162 Time: 30 sec max (210°C min}

Max no. of days: 2 (thereafter, 16 hours baking
at 125°C is required)

Vapor phase VP15-00 Package peak temp: 215°C No limit
Time: 40 sec max (200°C min)

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

Notes:

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

(&) The maximum number of soldering operations is one.

(3) Exposure Limit means maximum days storage at 25°C and 65%
RH after the dry pack is opened. Thereafter, baking the devices is
required before soldering.
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pPD78322 Family NEC

PACKAGE DRAWINGS

68-Pin PLCC (Dwg No. P68L-50A1-1)
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NEC HPD78322 Family

PACKAGE DRAWINGS (cont)

68-Pin Ceramic LCC With Window (Dwg No. x6 8KW-50A)

Item Millimeters Inches | A
A 24.13+ 0.40 95+ .018 | B =
8 215 848
c 215 848 ;
D 24.19x 040 95 = .018 " ~N y
E 16 085 T
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L 1.27 £ 0.20 .05 .008 P
M C0.50 C.02
N C1.02 C.04 )
P R0.20 R.008 -
\-/w‘_rku\./ I
R 1.805 075 M o
s 1.905 075
T RA.0 R.118
u 12.0 472
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pPD78322 Family NEC

PACKAGE DRAWINGS (cont)

80-Pin Plastic QFP (Dwg No. P8OGF-80-3B9-1)

Item  Milimeters Inches Ll A .
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PACKAGE DRAWINGS (cont)

80-Pin Ceramic LCC With Window (Dwg No. x80KW-80A)
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