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Description

The uPD78355 uPD78356, and uPD78P356 are
K-Series® microcontrollers. These 16-/8-bit devices
—with a minimum instruction time of 125 ns at 32
MHz—are designed for high-speed, real-time process
control. They feature a 16-bit CPU, a 16-/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. A 16-bit multiply
and accumulate instruction with or without a satura-
tion word provides hardware convolution capability; a
16-bit subtract and accumulate absolute value instruc-
tion provides correlation capability.

On-board memory includes 2048 bytes of RAM and 48K
bytes of mask ROM, UV EPROM, or one-time program-
mable (OTP) ROM. A ROMIess version is also available.
The UV EPROM and OTP ROM versions feature a PROM
error correction function capable of correcting one
1-bit error per four bytes of code. This achieves a
significant improvement in reliability over devices with-
out error correction and is suited for applications that
require high reliability under rigorous conditions.

The advanced interrupt handling facility has four levels
of programmable hardware-priority contro! and three
methods of servicing interrupt requests, including vec-
toring, hardware context switching, and macro ser-
vice. The macro service facility reduces the CPU over-
head involved in servicing peripheral interrupts by
transferring data between the memory-mapped spe-
cial function registers (SFRs) and memory without the
use of time consuming interrupt service routines. In
addition, the macro service facility can perform certain
CPU functions, such as event counting and math-
oriented data alterations.

The combination of high-speed hardware convolution
capability and 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 as well as the automotive, office automa-
tion, and industrial control/frobotics markets.

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

Features

o Complete single-chip microcontroller

— 16-bit ALU

— 2048 bytes of RAM

— 48K bytes of ROM (uPD78356) or PROM
(uPD78P356)

Powerful instruction set

— 16-bit unsigned and signed multiply

— 16-bit unsigned divide

— 16-bit multiply and accumulate instruction with
or without saturation word

— 16-bit subtraction and accumulate absolute
value instructions

— 1-bit and 8-bit logic instructions

— 8tring instructions

I Minimum instruction time: 125 ns at 32 MHz
5-byte instruction prefetch queue

Memory expansion
— 8- or 16-bit external data bus
— 64K-byte address space

Large I/O capacity
— Up to 57 I/O port lines (uUPD78355)
— Up to 76 1/O port lines (uPD78356/P356)

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

Real-time pulse unit (RPU)

— Two 16-bit interval timers

— Two 16-bit timer/event counters
—One 10-bit interval timer

—One 16-bit up/down counter

— Ten 16-bit capture/compare registers
— Five external interrupt/capture lines
— Three external event counter inputs
— Three external timer clear inputs

— Ten timer outputs

: Two pulse-width modulated (PWM) output lines
with 8-, 10-, or 12-bit precision
: One 8-bit real-time output port

. Eight-channel, high-speed 10-bit A/D converter;
conversion time: 2 us at 32 MHz

> Two-channel, 8-bit D/A converter
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Features (cont)

O Three-channel serial communications interface

— Asynchronous serial interface (UART)

— Clock synchronous serial interface 0
Full-duplex, three-wire mode
NEC serial bus interface (SBl) mode

— Clock synchronous serial interface 1
Full-duplex three-wire mode
Pin switching function

O Programmable priority interrupt controller (four
levels)
0 Three methods of interrupt service
— Vectored interrupts
— Context switching with hardware register bank
switch
— Macro service mode with choice of five different
functions
0 Watchdog timer with dedicated output
0 STOP and HALT standby functions

O Single 5-volt power supply

Ordering Information

Part Number Package ROM

HPD78355GC-7EA 100-pin plastic QFP ROMless
(Dwg P100GC-50-7EA)

puPD78356GC-xxx-7EA 100-pin plastic QFP 48K mask
(Dwg P100GC-50-7EA) ROM

HPD78P356GC-7EA 100-pin plastic QFP 48K OTP
(Dwg P100GC-50-7EA) ROM

HPD78P356KP-S 120-pin ceramic LCC 48K UV
with window EPROM
(Dwg X120KW-80A)

xxx indicates ROM code suffix.
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Pin Configurations
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RESET

P34/SCK00

aaa

SSA [
LNOX1O [
O

X

SSp

aap I
0L08/001d [
oLS/Hokd [
01408201 [
1108/01d [
LHS/oLd [
LINOS/S0Ld []
amLBokd ]
anowoid [
014 [

ha

%1d [

€14 [

Nd o

Std [

94 [

Lid [
OavPvd [}
kav/ivd O

/10099989793959493%91908968878685848682818079787776

75

O

74 0 P2,/TO20

73 [0 P2g/TCLR2/TO21
72 [ P2g/INTPA

71 [3 P24INTP3

70 [ P2y INTP2

69 [ P2y/INTP1/TO0S
68 |1 P24/INTPO/TO04
67 [3 P2yNMI

66 [1 P3;/TO10

65 [1 Pagm1mo11
64 [1 P35/TCLR1

81 [J Pay/SO00/SBO
60 I3 P34/AxD

59 [1 Pag/TxD

58 1 ANO1

57 |1 ANOO

66 [J AVRerg

65 [1 AYREF2

84 1 AVREF1

63 |7 pro/ANI7

52 [7 P7g/ANIS

51 [ P7g/ANIS

63 {1
62 |1 P33S100/$B1

28 27 28 28 30 31 32 33 34 35 36 57 38 89 40 41 4243 44 45 46 47 4843 50

[] ¥iNV/VZd

M €INV/ELd

1 2INV/22d

1 LINv/k2d

1 OINV/OLd

(] 9aAY

[ SSav

[ HMd/48d

[ 0WMd/Bgd

[140A

u} 8SSp

] any10L/58d

] 200L/¥8d

[ 1ooL/ed

[1 000128

] €00L/01L/b8d

1 0H10./08d

1 £d14/20d

[ 9414/80d

1 Sd.1u/S0d

[ Ya1u¥od

] £9H1av/Sd1n/S0d
] 2OHLAV/ZdIH/20d
[1 19u1av/ i/ tod
7 09HLaV/0dL1/00d

PA43/ADg [ 1

Pag/ADs [ 3
Pag/ADs [] 4
Pag/ADg ] 5
P4;/AD; ] 8
PSg/ADg [ 7
Psy/ADg [ 8
P5a/AD10 [} 9
MODE1 [} 15
MODE2 [} 18
Vgs O} 17
Vpp C} 18

P4g/ADg [ 2

PS3/AD44 [§ 10
PS4/ADs O} 11
PSg/AD43 Cf 12
PSg/AD14 [ 13
PS7/AD{5 [} 14

19
ASTB ] 20
WAIT ] 21

PgyRD [ 22

WDTO

PoyLWA [ 23

POyHWA [] 24

Pog ] 25

BIFMG427B

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



N E C ELECTRONIC

S INC

pPD78356 Family

'L7E D WM LY4Y27525 0039318 030 EENECE

NEC

Pin Configurations

(cont)

120-Pin Ceramic LCC
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Pin Functions; Normal Operating Mode

Pin Name Function Alternate Pin Name Alternate Function
POg Port 0; 8-bit, bit-selectable /O port RTPy Realtime output port
ADTRGO External trigger input for A/D converter
POy RTP4 Real-time cutput port
ADTRG1 External trigger input for A/D converter
POs RTPy Realtime output port
ADTRG2 External trigger input for A/D converter
P03 RTP3 Realtime cutput port
ADTRG3 External trigger input for A/D converter
P04 - POy RTP4 - RTP7 Reakltime cutput port
P1g-Piy Port 1; 8-bit, bit selectable IfO port
P2y Port 2; 8-bit, bit-selectable I/O port NMI External nonmaskable interrupt
P2¢ {P2p is input only) INTPO External maskable interrupt
TOo4 Timer output from realtime pulse unit
P25 INTP1 External maskable interrupt
TO05 Timer output from realtime pulse unit
P23 INTP2 External maskable interrupt
P24 INTP3 External maskable interrupt
P25 INTP4 External maskable interrupt
P2g TCLR2 Clear input to realtime pulse unit
TO21 Timer output from real-time pulse unit
P2, TO20 Timer output frem realtime pulse unit
P3g Port 3; 8-bit, bit-selectable I/O port TxD Asynchronous serial transmit data output
P34 RxD Asynchronous serial receive data input
P3s SO00 Serial data output; three-wire serial /O mode
SBO 1/O bus for NEC serial bus interface mode
P33 SIo0 Serial data input; three-wire serial IfO mode
SB1 IO bus for NEC serial bus interface mode
P34 SCKoo Serial clock /O for synchronous serial interface
P35 TCLR1 Clear input to real-time pulse unit
P3g Ti1 External clock to timer 1
TO11 Timer output from real-time pulse unit
P37 TO10 Timer output from realtime pulse unit
P4g - P4y Port 4; 8-bit, byte-selectable I/O port ADg - AD7 Low-order 8 bits of external multiplexed address/data
(78356/P356) bus
P5y - P57 Port §; 8-bit, bit-selectable /O port ADg-ADy5 High-order 8 bits of external multiplexed address/data
(78356/P356) bus
P7o- P74 Port 7; 8-bit input port ANIO - ANI7 Analog inputs to A/D converter

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003




N E C ELECTRONICS INC

Power ed by

HPD78356 Family

L7E D BE L427525 0039320 799 MENECE

NEC

Pin Functions; Normal Operating Mode (cont)

Pin Name Function

Alternate Pin Name

Alternate Function

P8y Port 8; 8-bit, bit-selectable I/O port TCLRO Clear input to realtime pulse unit
P84 TiO External count clock to timer 0
TOO03 Timer output from realtime pulse unit
P8y TO00 Timer output from reaktime pulse unit
P83 TOO1 Timer output from realtime pulse unit
P84 TO02 Timer output from realtime pulse unit
P85 TCLRUD Clear input to real-time pulse unit
P85 PWMO Pulse-width modulated output
P87 PWM1 Pulse-width modulated output
P9y Port 9; 4-bit, bit-selectable /O port RD External memory read strobe output
P94 {P9o to P9z on 78356/P356) IWR External memory write strobe output to low-order 8-
bits in memory
P9y HWR External memory write strobe output to high-order
8-bits in memory

Pgg
P10g Port 10; 8-bit, bit-selectable /O port SO10 Serial data output; three-wire serial /O mode
P104 SI10 Serial data input; three-wire serial /O mode
P10o SCK10 Serial clock /O for synchronous serial interface
P103 SO11 Serial data output; three-wire serial I/O mode
P104 Sit Serial data input; three-wire serlal /O mode
P10s SCKi1 Serial clock /O for synchronous serial interface
P10g TIUD External clock for up/down counter
P10, TCUD Up/down counter count direction control signal
ANOO, ANO1 Analog outputs from D/A converter
ASTB Address strobe output; used to latch

address for external memory
CLKOUT Output of the system clock
MODEDO, Set MODEO and MODE1 to Vgg to
MODE1 access internal program memory on

78356/P358. If all program memory is

external, set MODEO to Vpp and

MODET1 to to Vgg for an 8-bit data

bus. Or set both to Vpp for a 16-bit

data bus.

To place 78P356 In programming

mode, set MODEO to Vpp and MODE1

to Vgg. The level of this pin cannot be

changed during normal operation.
NC Pins labeled NC are not internally

connected and may be connected to

Ves
RESET External system reset input
WATT A low-level input adds wait states to

the external bus cycle
WDTO Open-drain output from the watchdog

timer
6
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Pin Functions; Normal Operating Mode (cont)
Pin Name Function Alternate Pin Name Alternate Function

X1 Crystal connection or
external clock input

X2 Crystal connection or
open for external clock

A/D converter power input

A/D converter reference voltage high

D/A converter reference voltage high

D/A converter reference voltage low

A/D converter ground

+5 volt power input

Ground
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Block Diagram; uPD78356 Family
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B83RD-$4268 (10/92)
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FUNCTIONAL DESCRIPTION
Central Processing Unit

The central processing unit (CPU) of the uPD78356
family features 16-bit arithmetic including 16 x 16-bit
multiply, both unsigned and signed, and 32 x 16-bit
unsigned divide (producing a 32-bit quotient and a
16-bit remainder). The signed multiply executes in
0.875 us and the divide in 2.69 us at 32 MHz.

Also, a multiply-and-accumulate instruction, MACW n,
performs a signed multiply on factors from a pair of
tables and sums the results in the 32-bit register AXDE.
The total execution time for 10 terms is 13.44 us at 32
MHz.

A subtract and accumulate absolute values instruc-
tion, SACW [DE+], [HL+], subtracts corresponding
factors of two tables and calculates the sum of the
absolute values of these subtractions. The total execu-
tion time for two tables of 10 terms each is 17.125 us at
32 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 (fo k) is generated by divid-
ing the oscillator frequency by 2. Therefore, at the
maximum oscillator frequency of 32 MHz, the clock is 16
MHz with a 625 ns clock cycle. Since instructions
execute intwo or more cycles, the minimum instruction
time is 125 ns.

Internal RAM

The uPD78356 family has a maximum of 2048 bytes of
internal RAM. The upper 256-byte area (FEOOH-FEFFH)
features high-speed data access of one data word per
two internal system clocks and is known as “main
RAM.” The remainder (F700H-FDFFH) is accessed at
the same speed as external memory (one word per
three internal system clocks) and is known as “periph-
eral RAM.” The uPD78356 family can be programmed to
have 1K or 2K bytes of internal 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.

Internal Program Memory

The 78356 contains up to 48K bytes of mask ROM and
the 78P356 up to 48K bytes of UV EPROM or OTP ROM.
The 78356/P356 can be programmed to have 16K, 24K,
32K, or 48K bytes of internal program memory by using
the memory expansion mode register (MM). Instruc-
tions are fetched from this internal memory at a maxi-
mum rate of one word every two internal system
clocks. The 78355 does not have internal program
memory.

External Memory

The pyPD78356 family has a 64K-byte address space.
The 78356/P356 can access 0, 256, 4K, or 16K bytes of
external memory in the area from CO0O0H to F6FFH.
External memory can be either ROM, RAM, or periph-
eral devices as required. The 78356/P356 can have an 8-
or 16-bit wide external data bus with a 16-bit wide
external address bus. The data bus size is specified on
16K-byte boundaries by the programmable wait control
register (PWC). The upper 16K-block includes only
external memory addresses CO00H to F6FFH and the
external SFR area, FFDCH to FFDFH.

For 8-bit data bus operation of the 78356/P356, data
bits are multiplexed with low-order address bits at port
4. The high-order address bits are taken from port 5 as
required. The memory mode register (MM) controls the
size of the external memory. It can be programmed to
use 0, 4, 6, or 8 bits from port 5 for the high-order
address. Any remaining port 5 bits can be used for I/O.
The address latch (ASTB), read (RD), and write (LWR)
strobes are provided from port 9.

For 16-bit data bus operation of the 78356/P356, low-
order data bits are multiplexed with low-order address
bits at port 4. High-order data bits are multiplexed with
high-order address bits at port 5. The address latch,
read, and two write strobes (LWR and HWR) are pro-
vided from port 9.

The 78355 does not have ports 4 and 5. The MODEO and
MODE1 pins specify whether the ROMIess 78355 has an
8- or 16-bit data bus. When set for an 8-bit data bus, it
has eight dedicated high-order address lines and eight
multiplexed low-order address and data lines. When
set for a 16-bit bus, it has 16 dedicated address/data
lines. All memory below address F700H must be exter-
nal.

Table 1 summarizes the operation of the uPD78356
family during word and byte accesses (on even or odd
addresses) to external memory and the external SFR
access area in 16-bit data bus mode.
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Table 1. 16-Bit Bus Access Cycles

Addr Operation RDt LWR 1 HWRt Data
Word Access
Even Write 1 0 0 ADg - ADq5
Read 0 1 1 ADg - ADq5
Odd* Write
1st byte 1 1 o] AD&-AD15
2nd byte 1 0 1 ADg - AD7
Read
1st byte [0} 1 1 ADg - ADq5
2nd byte 0 1 1 ADg - AD;
Byte Access
Even Write 1 0 1 ADg - AD7
Read (¢} 1 1 ADg - AD7
Qdd Write 1 1 0 ADg - ADy5
Read 0 1 1 ADg - AD15

* Word access to an odd address is accomplished by two byte
accesses: 1st byte from odd address; 2nd byte from odd address
plus 1.

1 1 = Inactive, 0 = Active

The programmable wait control register (PWC) also
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 are
specified independently in 16K blocks and are applica-
ble to internal ROM, external memory, and the external
SFR access area. [f additional wait states are required,
an external WAIT pin is provided.

In addition, the width of the ASTB signal can be in-
creased by one internal clock cycle to allow more
precharge time for dynamic RAMs or more decoding
time for addresses. This address wait can be enabledin
32K-byte blocks by using the PWC register and is also
applicable to internal ROM, external memory, and the
external SFR access area.

Program Fetch

The uPD78356 family allows opcode fetch in the area
between 0000H and FDFFH; fetches from addresses
F700H to FDFFH are always from the peripheral RAM.
The pPD78356 family contains a 5-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, If the
instruction byte is fetched from internal memory, a
minimum of two internal system clocks are required for
each byte, and the queue can hold 5 bytes. If the
instruction is fetched from external memory, a mini-
mum of three internal system clocks are required from
each byte, and the queue can hold 3 bytes.

10

Instructions can be fetched from internal memory in
either high-speed or normal fetch cycle mode using the
16-bit bus. The PWC register is used to select the mode
for each 16K block. In high-speed fetch cycle mode, two
internal system clocks are required to fetch an instruc-
tion word from internal ROM/PROM or the peripheral
RAM. In normal fetch cycle mode, each word fetched
from internal ROM/PROM requires three, four, or five
internal system clocks (address wait can also be in-
cluded) depending on the setting of the PWC register.

Instructions can be fetched from external memory
using either an 8- or 16-bit bus. Only normal fetch cycle
mode is available and each byte or word fetched re-
quires three, four, or five internal system clocks, One
address wait state can also be included depending 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. After reset line goes high, the program
counter is loaded with the address stored in locations
0000H and 0001H.

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, 003CH, 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.
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7 6 5 4 3 2 0 General Registers

PSWH| ur |rBs2|RBst|RESO] 0 [ o [ o | 0 | There are sixteen 8-bit general registers, which can
also be paired to function as 16-bit registers. A com-
7 6 5 4 3 2 0 plete set of 16 registers is mapped into each of eight

PSWL| s | z [mress[ac| i [pv | [cv | Pprogram-selectable register banks stored in main RAM.
Three bits in the PSW specify the active register bank.

UF User flag Registers have functional names (like A, X, B, C for 8-bit
RBS2-RBSO Active register bank number registers and AX, BC for 16-bit registers) and absolute
s Sign flag (1 if last result was negative) names (like R1, RO, R3, R2 for 8-bit registers and RPO,
z Zero flag (1 if last result was zero) RP1 for 16-bit registers). Each instruction determines
RSS Register set selection flag whether a register is referred to by functional or abso-
AC Auxiliary carry flag (carry out of 3 bit) lute name and whether it is 8 or 16 bits.

IE Interrupt enable flag

PV Parity or arithmetic overflow flag

cY Carry bit (or 1-bit accumulator for logic)

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.

Figure 1. General Registers

Ister S e RSS=0
Reglster Storag: " oH

A(R1) | X (RO) HSS =1

[
AX (RPO Rt RO
(RPQ) L

BEY | Cc@2) AP

BC (AP1) A3

I

FIS_JI R4 AP1

AP2 A(RS5) ! X (R4)

|
R7 R6 AX (RP2
| o B (AP2)

AP3

VPH(R9) | VPL(RE)

VP (RP4)

upy(RLY | uP(RIG)

UP (AP5)

D (R13) I E (R12)

DE (RP6)

H (ms)_} L (R14)

HL (AP7)
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Addressing

The puPD78356 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, while 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 autodecrement, saddr, saddr indirect, SFR,
based, indexed, and based indexed. There are also
8-bit and 16-bit immediate operands. Figure 2 is the
memory map of the yPD78356 family.

12
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Figure 2. Memory Map
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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 can be read under program con-
trol, and most can also be written. They are either 8 or

Table 2. Special Function Registers

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 2 lists the spe-
cial function registers.

Address Register (SFR)

Access Units (Bits)
1 8 16 State After Reset

FFOOH Port 0

—_ Undefined

FFO1H Port 1

— Undefined

FFO2H Port 2 (Note 1)

Undefined

FFO3H Port 3

Undefined

FFO4H Port 4

Undefined

FFOSH Port 5

Undefined

FFO7H Port7

Undefined

FFO8H Port 8

Undefined

FFOSH Port9

Undefined

FFOAH Port 10

X
X
X
X
X
X
X
X
X
X

XX X X IxX [ X% ({%X][|X|[X

Undefined

FF10H-FF11H Capture/compare register 00

Undefined

|
I

FF12H-FF13H Capture/compare register 01

|
]

Undefined

FF14H-FF15H Capture/compare register 02

Undefined

I
I

FF16H-FF17H Gapture/compare register 30

Undefined

FF18H-FF19H Capture/compare register 31

Undefined

FF1AH-FF1BH Compare register 00

Undefined

FF1CH-FF1DH Compare register 01

Undefined

FF1EH-FF1FH Compare register 02

!
I

|
I
XX [X | %X |xX|[x|[X

Undefined

FF20H Port O mode register

FFH

I

FF2tH Port 1 mode register

FFH

FF22H Port 1 mode register (Note 2)

FFH

FF23H Port 3 mode register

FF25H Port & mode register

FF28H Port 8 mode register

FF29H Port 9 mode register

FF2AH Port 10 mode register

XX [X [ XX |X|X}|X
X IX |[X [ X|X|X|X|x

FF30H-FF31H Timer register 0

FF32H-FF33H Timer register 1

I
I

FF34H-FF35H Timer register 2

!
!

FF36H-FF37H Timer register 3

FF38H-FF39H Timer register 4
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Table 2. Special Function Registers (cont)

Access Units (Bits)
Address Register (SFR) Symbol 1 8 16 State After Reset
FF3AH-FF3BH Presettable up/down ccunter register ubpc p'd 00H
FF3CH External interrupt mode register 0 INTMO —_ QaoH
FF3DH External interrupt mode register 1 INTM1 [s]e] 2]
FF40H Port 0 mode control register PMCO 00H
FF42H Port 2 mode control register (Note 3) PMC2 O1H
FF43H Port 3 mode control register PMC3 00H
FF44H Pullup resistor option register L PUOL QOH
FF45H Pullup resistor option register H PUOH aoH
FF48H Port 8 mode control register PMC8 0oH
FF4AH Port 10 mode control register PMC10 OOH
FF50H-FF51H Compare register 03 CMO03 Undsfined
FF52H-FF83H Compare register 10 CM10 Undefined
FF54H-FF55H Compare register 11 CM11 Undefined
FFS56H-FF57H Compare register 20 cM20 Undsfined
FF58H-FF59H Compare register 21 CcM21 Undsfined
FFSAH-FF5BH Compare register 40 CM49 Undefined
FFS5CH-FF5DH Up/down counter compare register 0 CMUDO Undefined
FFSEH-FF5FH Up/down counter compare register 1 CMUD1 Undefined
FF60H Realtime cutput port register L RTFL Undefined
FF61H Realtime output port register H RTPH Undsfined
FF62H Port read control register PRDC QoH
FF&3H Reaktime output port mode register RTPM 0oH
FF68H A/D converter mode register 0 ADNO ooH
FF69H A/D converter mode register 1 ADM1
FF6AH D/A conversion setup register 0 DACSO
FFEBH D/A conversion setup register 1
FF6AH-FF6BH D/A conversion setup register

LR RE NN E RN
KoEX [ X X [ XXX X

HKOX XX XXX |x

]
!

!

!

K[ XXX XXX ]|X
WX XXX XXX

FF70H Timer unit mode register 0

FF71H Timer unit mode register 1

FF72H Timer unit mode register 2

FF73H Timer unit mode register 3

FF74H Timer control register 0 TMCO
FF75H Timer contro! register 1 TMC1

FF76H Timer control register 2 TMC2
FF77H Up/down counter control register ubcec
FF78H Timer output control register 0 TOCO
FF79H Timer output control register 1 TOC1

FF7AH Timer output control register 2 TOC2
FF7BH Timer overflow status register (Note 4} TOVS

P X PR PR R KRR PR R [R RN
Mo X XX XXX XX XX

FF7CH Noise protection control register NPC
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Table 2. Special Function Registers (cont)

Address

Register (SFR)

Symbol

Access Units (Bits)

1 8 16

State After Reset

FF80H

Clock synchroncous serial interface mode
register 0

CsiMo

00H

FF82H

Serial bus interface control register (Note 5)

SBIC

QOH

FF86H

Serial I/O shift register 0

SIo0

Undefined

FFegH

Asynchronous serial interface mode register

ASIM

80H

FF8AH

Asynchronous serial interface status register

ASIS

00H

FF8CH

Serial reception buffer: UART

RxB

Undefined

FF8EH

Serial transmission shift register: UART

xS

Undefined

FFSOH

Clock synchronous serial interface mode
register 1

CsIM1

00H

FFo6H

Serial I/O shift register 1

SI01

Undefined

FFAOH

PWM control register

PWMC

O0H

FFA2H

PWM register OL

PWMOL

Undsfined

FFA2H-FFASH

PWM register 0

PWMO

Undefined

FFA4H

PWM register 1L

PWM1L

Undefined

FFA4H.FFASH

PWM register 1

PWM1

Undefined

FFASH

Inservice priority register

ISPR

00H

FFAAH

Interrupt mode control register

IMC

80H

FFACH

Interrupt mask register OL

MKOL

FFH

FFACH-FFADH

Interrupt mask register 0

MKoO

FFFFH

FFADH

Interrupt mask register OH

MKOH

FFH

FFAEH

Interrupt mask register 1L

MK1L

E

FFH

FFAEH-FFAFH

Interrupt mask register 1

MK1

E

Q0FFH

FFBOH-FFB1H

A/D conversion result register 0

ADCRO

Undefined

FFBTH

A/D conversion result register OH

ADCROH

Undefined

FFB2H-FFB3H

A/D conversion result register 1

ADCR1

Undefined

FFB3H

A/D conversion result register 1H

ADCR1H

Undefined

FFB4H-FFB5SH

A/D conversion result register 2

ADCR2

Undefined

FFBSH

A/D conversion result register 2H

ADCR2H

Undefined

FFB6H-FFB7H

A/D conversion result register 3

ADCR3

Undefined

FFB7H

A/D conversion result register 3H

ADCR3H

Undefined

FFB8H-FFBOH

A/D conversion result register 4

ADCR4

Undefined

FFBOH

A/D conversion result register 4H

ADCR4H

Undefined

FFBAH-FFBBH

A/D conversion result register 6

ADCRS5

Undefined

FFBBH

A/D conversion result register 5H

ADCRSH

Undefined

FFBCH-FFBDH

A/D conversion result register 6

ADCR6

Undefined

FFBDH

A/D conversion result register 6H

ADCR6H

Undefined

FFBEH-FFBFH

A/D conversion result register 7

ADCR7

Undefined

FFBFH

A/D conversion result register 7H

ADCR7H

D|ID|V|JV/IV|D|IV|JB|(J|D|D(D|D|WV|V|D

Undefined

FFCOH

Standby control register (Note 6)

STBC

BW

0000 x0008

FFC1H

CPU control word

ccw

RW

00H

16
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Table 2. Special Function Registers (cont)

Access Units (Bits)

Address Register (SFR) Symbol R/W 1 8 16 State After Reset
FFC2H Watchdog timer mode register (Note 6) WDM RW — X — 00H
FFC4H Memory expansion mode register MM RAW X X — 00H
FFC6H-FFC7H Programmable wait control register WG RW — — 4 COAAH
FFDOH-FFDFH External SFR area — RW X X —_ Undefined
FFEOH Interrupt control register (INTOVO) ovico RW X X — 43H
FFE1H Interrupt control register (INTOV3) QVIC3 RW X X — 43H
FFE2H Interrupt control register (INTPO/INTCC00) PICO RW x X — 43H
FFESH Interrupt control register (INTP1/INTCCO1) PIC1 RW X X — 43H
FFE4H Interrupt control register (INTP2/INTCCO02) PiC2 RW b'e X — 43H
FFESH Interrupt control register (INTP3/INTCC30) PIC3 AW X X — 43H
FFE6H Interrupt control register (INTP4/INTCC31) PIC4 RW X X — 43H
FFE7H Interrupt control register (INTCMOO) CMICOO RW X X — 43H
FFESH Interrupt control register (INTCMO1) CMICot RW X X —_ 43H
FFE9H Interrupt control register (INTCM02) CMICo2 RW X X —_ 43H
FFEAH Interrupt control register (INTCM03) CMIco3 R/W X X — 43H
FFEBH Interrupt control register (INTCM10) CMIC10 RW b X — 43H
FFECH Interrupt control register (INTCM11) CMIC11 RW X X e 43H
FFEDH Interrupt control register (INTCM20) CMIC20 PRW X X — 43H
FFEEH interrupt control register (INTCM21) CMica1 RW X X —_ 43H
FFEFH Interrupt control register (INTCM40) CMIC40 RW X X —_ 43H
FFFOH Interrupt control register (INTCMUDO) CMICUDO RW X X — 43H
FFF1H Interrupt control register (INTCMUD1) CMICUDT RW X X — 43H
FFF2H Interrupt control register (INTSER} SERIC R X X — 43H
FFF3H Interrupt control register (INTSR) SRIC RW X X — 43H
FFF4H Interrupt control register (INTST) STIC RwW X X — 43H
FFFSH Interrupt control register (INTCSIO) Cslico RW X X —_ 43H
FFF6H Interrupt control register (INTCSI1) CslIC1 RW X X — 43H
FFF7H Interrupt contro! register (INTAD) ADIC RAW X X — 43H
Notes:

(1) P2 bit 0 is read only
(@) PM2 bit 0 is always 1.
(8) PMC2 bit 0 is afways 1.

(4) TOVS bits 6 and 7 are always 0; bits 1, 2, 4, and 5 are readfwrite;
bits 0 and 3 are read only.

(5) SBIC bits 5 and 7 are read/write; bits 2, 3, and 6 are read only;
bits 0, 1, and 4 are write only.

(6) Protected register that can be written by a special instruction

only.

17
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Input/Output Ports

The 78355 has a total of 57 1/O lines. The 78356/P356
have an additional 19 for atotal of 76 |/O lines, Ports PO,
P1, P3, P8, and P10 aretri-state, 8-bit input/output ports
and P7 is an 8-bit input port. Port P2 is an 8-bit |/O port
with pin P25 always an input. Bit 3 of port 9 is available
as an[/O line at all times. All the I/O bits in POto P3 and
P8to P10 can be individually selected for either input or
output.

Each pin of P2 can be programmed for rising or falling
edge detection; pins 1 to 7 can also be programmed for
both rising and falling edge detection.

Software programmable internal pullup resistors are
available at each pin of ports PO to P3 and P8 to P10
except P2y. These resistors are enabled on a port basis
for all I/O pins set to input mode.

The output level of the PO to P3 and P8 to P10 /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 still in the
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 19 additional 1/O lines in the 78356/P356 are P4, PS5,
and bits 0 to 2 of P9. These ports are available if
external memory or memory-mapped external cir-
cuitry 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 in 8-bit bus mode or the high-
order address/data bus in 16-bit bus mode. Depending
on the amount of external memory used, either 8, 4, 2,
or 0 bits of port 5 are available for bit-selectable 1/O.
Port 9is a 4-bit, bit-selectable I/O port. One of its pins is
shared with the read strobe and two others with the
high and low write strobes. Internal puilup resistors are
available at each pin of port 4 and 5 when they are set
to input mode.

18
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Figure 3. 1/0 Circuits

Type1. WAIT, MODEO, MODE1
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Pulse-Width Modulated Outputs

The uPD78356 family has two high-speed, pulse-width
modulated (PWM) outputs. A single 12-bit, free-running
counter counts the internal system clock foL/2 and
serves both outputs. The resolution is 125 ns per bit at
32 MHz. By setting the counter and comparator to
either 8, 10, or 12 bits, repetition rates of 31.2, 7.8, and
1.9 kHz, respectively, can be achieved.

Figure 4. Pulse-Width Modulated Ouiputs

The polarity of each output can be selected under
program control. Whenever the counter overflows, the
CMPO0 and CMP1 registers are loaded from their respec-
tive PWM buffer registers and each output becomes
active. When the counter value matches the value in the
associated compare register, that output goes inactive.
The two PWM outputs, PWMO and PWM1, share pins
with port 8 bits 6 and 7, respectively.

| PWMO Buffer Reglster (12) |
I CMPO Register |
L
——
. 0-9 Equal
v ¢, ALYO
A\ L A
o-11
Q
7 s PWNO
[
foLk/2 —)l Counter (12) I 9 Ovarflow
| I
1 s
Q
07 A PYWMI
AV | —
T
Equal ALVt
| I
o-11
I CMP1 Reglster l
| PWM1 Buffer Reglster (12) l
S3ICL-9431B
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Real-Time Output Port

Port 0 can function on a bit-selectable basis as a
real-time output port. See figure 5. Real-time port bits
can be directly written under program control or they
canbe written under control of timing signals INTCM10,
INTCM11, and INTCM20 generated by the real-time
pulse unit. The latter method provides output timing
that is independent of interrupt latency.

Figure 5. Real-Time Output Port

Z fi 1 Bus 1
Real-Time Oulput
Port Mode Register RTPH RTPL
Y Real-Time
INTCM10 ~—>] Output Port
INTCM11 —>|  Output Trigger Reglster
INTCM20 ——>| Control Clreutt
Software Trigger —>| N
Ouput La‘ch (FO) <:

YYYYYYYY

P07 PO0g PO P04 P03 P02 P01 POp
SIRD-64328
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A/D Converter

The analog-to-digital (A/D) converter (see figure 6)
uses the successive-approximation method for con-
verting up to eight multiplexed analog inputs into 10-bit
digital data. The minimum conversion time per input is
2 us at 32-MHz operation. There are eight 16-bit A/D
conversion results registers (ADCRO to ADCR?). During
word access, the low-order 10-bits contain the result
and the upper 6-bits are set to zero. During byte access,
the high-order 8-bits of the 10-bit A/D conversion result
are read. This converted data can be easily transferred
to memory by the macro service function.

Figure 6. A/D Converter

ANlg —> Sample and Hold Circult
ANl{ —>>
ANlp ——>]
ANl —>
ANl —> Comparator
ANlg —>] and
ANfg > D/A Converter
ANty —>

ADTRG3—> ADCR3 A/D Conversion

ADCR4 Resutt Reglsters

ADCRS
A/D Converter ADCR8
Mode Registers ADCR7

bj ntemal Bus !

83RD-24338
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HPD78356 Family

The A/D converter of the yPD78356 family supports a
wide variety of operating modes. See figure 7. A/D
conversion can be started by one of three modes: A/D
trigger mode, timer trigger mode, and external trigger
mode. Analog inputs ANI0 to ANI3 can be started by all
three modes; ANI4 to ANI7 can be started only by the
A/D trigger mode. In A/D trigger mode, conversion is
started by writing data into the A/D converter mode
register 0 (ADMO) and proceeds automatically.

Figure 7. A/D Converter Operating Modes

ANIO- ——A/D Trigger Mods—-—[Scan Mode
ANI3 Select Mode—l:1 Buffer
4 Buffer
—Timer Trigger Mode——Scan Mode—[1 Trigger
4 Trigger

—Select Mode-T-1 Buf.’er—[1 Trigger

4 Trigger

4 Bc:ffer—[1 Trigger

-4 Trigger

—External Trigger Mode——Scan Made—[1 Trigger

4 Trigger

—Select Mod 1 Buffer——1 Trigger

E—[i 4 Trigger

4 Bu‘fer 1 Trigger

4 Trigger

ANK-~——A/D Trigger Mode——Scan Mode
ANI7 LSelect Mode——1 Bu'fer
—[4 Buifer
S3RD-94MA

In timer trigger mode, coincidence signals from com-
pare registers CM00, CM01, CC00, and CCO1 associ-
ated with timer 0 start the conversions. Either all four
signals are used (four-trigger mode) or only the coinci-
dence signal CM0O is used (one-trigger mode). The
timing and sequence of the A/D conversions are con-
trolled by these trigger signals. Conversions can be
performed once or repeatedly.

In external trigger mode, four external signals ADTRGO
to ADTRG3 start the conversions. Either all four signals
(four-trigger mode) or one signal ADTRGO (one-trigger
mode) starts the conversions. The timing and se-
quence of the A/D conversions are controlled by these
trigger signals.

The A/D converter can operate in either scan mode or
select mode. In scan mode, from one to eight analog
inputs (ANIO to ANI7) can be programmed for conver-
sion. The A/D converter selects each of the inputs
(order and timing sequence are based on the trigger
mode), converts the data, and storesit in its associated
A/D conversion result register (ADCRO to ADCR7). An
interrupt (INTAD) is generated when all inputs have
been converted.

In select mode, only one of the eight A/D inputs can be
selected for conversion. Data from this input can be
stored in its associated ADCR register (one-buffer
mode) or four values can be stored sequentially in
registers ADCRO to ADCR3 (four-buffer mode). In one-
buffer mode, an interrupt (INTAD) is generated after
each conversion. In four-buffer mode, an interrupt is
generated after four conversions. The timing of the
conversions depends on the trigger mode selected.
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D/A Converter

The uPD78356 family has two digital-to-analog (D/A)
converters as shown in figure 8. The 8-bit digital data,
written to the D/A conversion setup registers (DASCny;
n = 0, 1), selects one of the 256 taps on a resistor
ladder between AVRere and AVRers. The selected volt-
age becomes the analog output at the ANOn pin. ANOn
is a high-impedance output and requires an external
buffer to drive a low-impedance load.

Figure 8. D/A Converter

AVREF2

AVREF3 D—I_‘

Other
D/A Convertar

Raglster

Internal Bug

Note: n=0, 1
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Serial Interfaces

The uPD78356 family has three independent serial
interfaces: one asynchronous and two clock synchro-
nous. All three share an internal baud-rate generator.

The asychrounous serial interface is a standard univer-
sal asynchronous receiver transmitter (UART). The
UART (figure 9) 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. The serial clock for the
UART is from the internal system clock divided by eight
or from the internal baud-rate generator. The UART
generates three interrupts: INTST (transmission com-
plete), INTSR (reception complete), and INTSER (recep-
tion error).

Figure 9. Asynchronous Serial Interface

{ [ Bus

ﬁ
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Status Register
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—> INTSER

|

Asynchronous Serial
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Clock synchronous serial interface 0 (figure 10) is an
8-bit interface that operates in either a three-wire serial
1/0 mode or NEC serial bus interface (SBi) mode.

In the three-wire serial I/O mode, the 8-bit shift register
(S10) is loaded with a byte of data and eight clock
pulses are generated. These eight pulses shift the byte
of data out the SO line (either MSB or LSB first) and in
from the 8l line, providing full-duplex operation. This
interface can also be set to receive or transmit data
only. The INTCSIO 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.

Figure 10. Clock Synchronous Serial Interface 0

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. See
figure 11. There is only one master device at a time; all
others are slaves. The master sends addresses, com-
mands, and data over one of the serial bus lines (SBO or
SB1) using a fixed hardware protocol synchronized
with the SCK line.
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Each slave 78355/356/P356 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.

Figure 11. SBI Mode Master/Slave Configuration

Master CPU 57 Stave CPU
(SB1), S80 :

> SBO, (S81)

Address 1

SCK SCK

Stave CPU

>| SBO, (SB1)
Address 2

£C
7

Slave IC

SB0, (SB1)
Address N

Clock synchronous serial interface 1 (figure 12) with a
pin switching function is also an 8-bit interface that
operates only in the three-wire serial I/O mode. It can be
switched under program control between two sets of
1/0 pins: SCK10, SO10, and SI10 or SCK11, SO11, and
SI11. With the exception of this pin switching function,
its operation in three-wire serial |/O mode is identical to
clock synchronous interface 0.

27
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Figure 12. Clock Synchronous Serial Interface 1 With Pin Switching
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A dedicated baud-rate generator can be programmed
to provide a common serial clock to the asynchronous
and clock synchronous serial interfaces. The baud-rate
generator uses timer 4 and compare register CM40 of
the real-time pulse unit to generate a serial clock from
one of four internal clocks. By choosing the correct
oscillator frequency, the baud-rate generator is capa-
ble of generating all the commonly used baud rates
from 2400 to 154K b/s for the UART and 150 to 2M b/s for
the clock synchronous interfaces.

Real-Time Pulse Unit

The real-time pulse unit (RPU, figure 13) can be used as
an interval timer, to measure pulse widths and frequen-
cies, to generate puse-width modulated outputs, to
count external events, to control the real-time output
port and the A/D converter, and to generate the serial
clock. It consists of two 16-bit timer/counters (TMO and
TM1), two 16-bit timers (TM2 and TM3), one 10-bit
interval timer (TM4), one 16-bit up/down counter
(UDC), ten 16-bit compare registers, five 16-bit registers
that can be used for either capture or compare, andten
timed output latches.

All the timers count various clocks derived from the
internal system clock. Timers TM0 and TM1 also count
external events on the Ti0 and TI1 pins, respectively. All
timers are cleared by an external reset. Timers TMO to
TM2 can also be cleared by either an external clear
input or a coincidence interrupt from one of its com-
pareregisters. Timers TM3 and TM4 are cleared only by
a coincidence interrupt from one of its associated
compare registers. When any of timers TMO to TM4
overflow, an overflow bit is set; in the case of timers
TMO and TMS3, an overflow interrupt is also generated.
Timer TM4 can also be used as the baud-rate generator
for the serial interfaces.

Capture events for TMO can be triggered by external
maskable interrupts INTPO to INTP2; capture events for
TM3 can be triggered by INTP3 and INTP4. Compare
events associated with timers TMO to TM4 can be used
to generate interrupts, control timed output pins, or
both. In addition, three of them (INTCM10, INTCM11,
INTCM20) can control the real-time output port and
four of them (INTGMOO, INTCMO1, INTGCO00, INTCCO1)
can control the A/D converter. The timed output latches
share pins in ports P2, P3, and P8. Five of them can be
toggled or set and reset by compare events, and the
remaining five can be toggled. These latches can gen-
erate pulse-width modulated outputs.

29
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Figure 13. Real-Time Pulse Unit (Sheet 1 of 3)
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Figure 13. Real-Time Pulse Unit (Sheet 2 of 3)
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Figure 13. Real-Time Pulse Unit (Sheet 3 of 3)
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The 16-bit up/down counter (UDC) can count the inter-
nal system clock (divided by 4, 8, or 16) or count
external events on the TIUD pin. When the counter
overflows, an overflow bit is set. If the counter under-
flows, an underflow bit is set. The UDC can be cleared
by an external clear input (TCLRUD) or by a coinci-
dence signal from its compare register.

Figure 14. Up/Dovwn Counter; Modes 1, 2, 3, 4

When counting external events, the UDC can be pro-
grammed to operate in four modes. See figure 14. In
mode 1, the UDC counts external events on the TIUD
pin. When direction control pin TCUD is high, the UDC
counts down. When TCUD is low, the UDC counts up.
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In mode 2, whenthe preset edge (rising, falling, or both)
is detected at the TIUD pin, the UDC counts up; when a
rising edge is detected at the TCUD pin, the UDC
counts down. If TIUD and TCUD are active simulta-
neously, they are not counted and the value in the UDC
is held.

Modes 3 and 4 are designed to count the output of a
two-phase shaft encoder on a servomotor. In mode 3,
two signals having a 90-degree phase shift are entered
into the TIUD and TCUD pins. When the preset edge
(rising, falling, or both) is detected on the TIUD pin, the
signal level on TCUD is sampled. If the level of TCUD is
low, the UDC counts down; if the level is high, the UDC
counts up.

When mode 4 is specified, quadrature counting is
enabled. The UDC is incremented or decremented at
positive and negative transitions of both input signals.
Whether it is incremented or decremented is depen-
dent upon the relative phase of the two signals as
illustrated in figure 14.

The uPD78356 family has programmable noise detec-
tion on the external clock inputs and external clear
inputs to the RPU. The noise detection time can be set
for each input at 4 or 16 internai system clocks by the
noise protection control register (NPC).

Interrupts

The uPD78356 family has 24 maskable hardware inter-
rupt sources: 5 software selectable as external or
internal and 19 internal. The four external maskable
interrupts share pins with port 2. Any of them, INTPO
and INTP4, can also be used to trigger capture events
in the real-time pulse unit. In addition, there are two
nonmaskable interrupts, three software interrupts, and
reset. The software interrupts, generated by the BRK or
BRKCS instruction and the operation code trap, are
not maskable. See table 3.
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Table 3. Interrupt Sources

Type of Default* Signal Macro Service Vector Address
Request Priority Name Source Location  Control Word TPF =0 TPF =1
Software QOperation cods trap CPU 003CH 003CH
BRK instruction CPU 003EH Q03EH
BRKCS instruction CPU
(Initiates context switch)
Nonmaskable NMI NMI input pin External 0002H 8002H
INTWDT Watchdog timer overflow Internal 0004H 8004H
Maskable (o} INTOVO Timer O overflow Internal FEOSH 0006H 8008H
INTOV3 Timer 3 overflow Internal FEO6H Q00sH 8008H
2 INTPO INTPO pin External FEOAH 000AH 800AH
INTCC00 CC00 coincidence Internal
3 INTP1 {NTP1 pin External FEOCH CO0CH 800CH
INTCCO1 CCO1 coingidence Internal
4 INTP2 INTP2 pin External FEOEH 009EH 800EH
INTCC02 CCO02 coincidence Internal
5 INTP3 INTP3 pin External FE10H 0010H €010H
INTCC30 CC30 coingidence Internal
] INTP4 INTP4 pin External FE12H 0012H 8012H
INTCC31 CC31 coincidence Internal
7 INTCMOO CMO09D coincidence Internal FE14H 0014H 8014H
8 INTCMO1 CMO1 coinsidence Internal FE16H 0016H 8016H
-] INTCMO2 CM02 coincidence Internal FE18H Qo18H 8§018H
10 INTCMO3 CM03 coincidence Internal FE1AH 001AH 801AH
1 INTCM10 CM10 coincidence Internal FE1CH 001CH 801CH
12 INTCM11 CM11 coincidence Internal FE1EH 001EH 801EH
13 INTCM20 CM20 coincidence Internal FE20H 0020H 8020H
14 INTCM21 CM21 coincidence Internal FE22H 0022H 8022H
15 INTCM40 CM40 coincidence Internal FE24H 0024H 80624H
16 INTCMUDO CMUDQ coincidence Internal FE26H 0028H 8§028H
17 INTCMUD1 CMUD1 coincidence Internal FE28H 0028H 8028H
18 INTSER Asynchronous serial Internal FE2AH 002AH 802AH
interface reception error
19 INTSR End of asynchronous serial Internal FE2CH 002CH 802CH
interface reception
20 INTST End of asynchronous serial Internal FE2EH 002EH 802EH
interface transmission
21 INTCSID End of clocked serial interface CSIO Internal FE3CH 0030H 8030H
transmission/reception
22 INTCSI End of clocked serial interface Internal FE32H 0032H 8032H
CSIt transmissionfreception )
23 INTAD End of A/D conversion Internal FE34H G034H 8034H
Reset RESET RESET pin External 0000H 0000H
* 0 is the highest priority.
35

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



N E ¢ ELECTRONICS INC

pPD78356 Family

L7E D W Lu27525 0039350 426 MENECE

NEC

Interrupt Servicing

The uPD78356 family provides four 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.

Interrupt Control Registers

The uPD78356 family has 24 interrupt control registers.
Each maskable interrupt request has its own control
register, which includes bits to specify interrupt re-
quest, interrupt mask, macro service enable, context
switch enable, and priority. Priorities range from 0
(highest) to 3. See figure 15.

There are also three mask flag register, MKOL, MKOH,
and MK1L, with a bit for each maskable interrupt. Since
each interrupt has two mask bits, the masking of the
interrupt is the “or” function of those two bits.

Interrupt mode control register IMC can enable or
disable nesting of interrupts set to the lowest priority
level (level 3). Inservice priority register ISPR is used by
the hardware to hold the priority level of the interrupt
request currently being serviced. It is manipulated by
hardware only, but it can be read by software.

Finally, the IE bit of the program status word also is
used to control the interrupts. If the IE bit is 0, all
maskable interrupts, but not macro service, are dis-
abled. The IE bit can be set or cleared by the El or DI
instruction, respectively, or by direct writing to the
PSW. The IE bit is cleared each time an interrupt is
accepted.

36

Figure 15. Interrupt Control Register (xxICx)

7 6 5 4
I xxIFxx | xxMKxx l xxISMxx I xxCSExx l
3 2 1 o]
l 0 | V] ’ xxPRx1 l xxPRx0 l
axIFxx Interrupt Request Flag
0 No interrupt request
1 Interrupt request received
xxMKsox Interrrupt Mask Flag
0 Interrupt request enabled
1 Interrupt will be pending
xxISMxx Macro Service Enable
0 Software interrrupt
1 Macro service
xxCSExx Context Switch Enable
0 Vector interrupt
1 Context switch
xxPRx1 xxPRx0 Priority Specification
o} 0 Priority O (highest
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3

Interrupt Priority

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

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

By setting the PRSL bit of the IMC register to zero, it is
possible to specify in software that level 3 interrupts
(the lowest level) can be accepted when the processor
is operating at level 3. This nesting within a level
applies to level 3 only.

Interrupt requests programmed to be handled by
macro service have priority over all software interrupt
service regardless of the assigned priority level, and
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macro service requests are accepted even when the
interrupt enable bit in the PSW is set to the disable
state. See figure 16.

The default priorities listed in table 3 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 IE bit.
They do not alter the processor’s priority level.

Figure 16. Interrupt Service Sequence

pt Request I_xxN!K=1 (In% Masked) pt Pending.

WMK=0 (Unmasked)

xxISM = 1 Macro Service.
xxISM = 0 Software Service.

D1 Software Interrupt Perding.
El

xxCSE =0 Vectored Inferrupt.

XxCSE = 1 Conlext Swich.
BRD-T817A

Vectored Interrupt

When vectored interrupt is specified for a given inter-
rupt request, (1) the program status word and the
program counter are saved on the stack, (2) the pro-
cessor’s priority is raised to that specified for the
interrupt, (3) the IE bit inthe PSW is set to zero, and (4)
the routine whose address is in the interrupt vector
table is entered. At completion of the service routine,
the RETI instruction (or RETB instruction for software
interrupts) reverses the process, and the uPD78356
family device resumes the interrupted routine. The
corresponding interrupt request flag is cleared before
executing the interrupt service routine.

Context Switch

When context switching (figure 17) 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 reverses 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.
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Figure 17. Context Switching and Return
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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
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, a software service routine is
entered according to its specified priority. Either vec-
tored interrupt or context switch can be specified for
entry to this routine, which is known as the macro
service completion routine.

Macro service is provided for all of the maskable inter-
rupt requests, and each has a specific macro service
control word stored in on-chip main RAM. The function
to be performed is specified in the control word.

The uPD78356 family provides five different macro
service functions.

Function
EVICNT

Description

Event counter. Counts up to 256 events
by incrementing or decrementing the
macro service counter. When the counter
reaches Q0H, the software service
routine is entered.

Block transfer. Transfers a byte or word
of data in either direction between a
specified special function register and a
buffer in main RAM (FExx).

Block transfer with memory pointer.
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.

Data difference. Stores the difference
between the current value of a specified
16-bit special function register and its
previous value in a word buffer in main
RAM (FExx).

BLKTRS

BLKTRS-P

DTADIF

"l
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DTADIF-P  Data difference with memory pointer.
Stores the difference between the
current value of a specified 16-bit
special function register and its previous
value in a word buffer anywhere in the

64K-byte address space.

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
unmasked interrupt, any nonmaskable interrupt, 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 [ocation 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
oceurs.

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
pin can be connected to the RESET pin or used to
control external circuitry. Three program-selectable
intervals are available: 8.2, 32.8, and 131.1 ms at 32
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 uPD78356 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, CLKOUT, Vsg, Vpp, AVss, AVpp:, AVREF1:
AVrer2, AVRers, X1, and X2 are in the high-impedance
state.
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ELECTRICAL SPECIFICATIONS (Preliminary)

Absolute Maximum Ratings
Ta = 25°C

Operating Conditions
Osclllator Frequency, fy Ta Vbp
8 to 32 MHz —10 to +70°C +5.0V £10%

Supply voltags, Vpp
Supply voltage, Vpp

-05to +7.0V
-0.5to +136V

Input voltage, V)
Except P2o/NMI (A9) of 78P356
P2o/NMI (A9) of 78P356

Output voltage, Vo

-05toVpp + 05V
-05t0 +135V

~-05toVpp + 0.5V

Output current, low; lop.
Each output pin 4.0 mA
Total 140 mA

Output current, high; loy
Each output pin
Total

Operating temperature, Topt

1.0 mA
30 mA

—10 to +70°C
-65 to +150°C

Storage temperature, TaTa

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.

Capacitance
Ta = 26°C;Vpp = Vgg =0V

Symbol

Input pin C
capacitance

Parameter Conditions

f= 1 MHz;
unmeasured pins
returnedto OV

OQutput pin Co
capacitance
/O pin Cio
capacitance

AC Timing Test Points

v

oo >¢ 0.8Vppor22Vv
0.8V

ov

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



N E ¢ ELECTRONICS INC "L7E D EE LY427525 0039355 TOS EENECE

NEC pPD78356 Family

Preliminary

DC Characteristics
Ta = —10to +70°C; Vpp = +5.0 V =£10%; Vgg = OV

Parameter Symbol Min Typ Max Unit Conditions
Input voltage, low ViL 0 0.8 \
Input voltage, high ViH1 22 \ (Note 1)
Vine 0.8 Vpp \'4 (Note 2)
Output voltage, low VoL 0.45 v lo. = 20 mA
Output voltage, high Vou Vpp-1.0 v loy = —400 A
Input leakage current iy =10 LA Vi= 0toVpp
Output leakage current Lo *10 LA Vo = 0toVpp
Vpp supply current Ibp1 75 107 mA Operating mode; 78355/356
85 125 mA Operating mods; 78P356
Ippz 40 €9 mA HALT mods; 78355/355
40 €0 mA HALT mode; 78P356
Data retention voltage Vopor 25 v STOP mode
Data retention current lppbRr 2 10 LA STOP mode; Vpppr = 25V
10 50 uA STOP mode; Vpppr = 5.0 V =103
Notes:
(1) All except pins in Note 2.
{2) Pins RESET, X1, POy - P03, P2, P3s- P3g, P8y- P84, P85, P10,
P105, P104 - P107.
AC Characteristics
Ta = —10to +70°C; Vpp = +5.0 V ®10%%; Vgg = 0 V; fxx = 32 MHz
Parameter Symbol  Calculation Formula Min Max Unit Conditions
External Memory Read/Write Operation
System clock cycle time (Note 1) tovyk — 62.5 250 ns Cp = 50 pF
Address setup time to ASTB ¢ tsAST 05+ a)T-24 7 ns Cy, = 100 pF (Note 2)
Address hold after ASTB + tHsTA 057T-16 15 ns C_ = 100 pF
RD ¢ to address flcating tERA — 0 ns C_= 100 pF
Address to data input valid tpalD 25 +a+ nNT-56 100 ns C| = 100 pF (Nots 2, 3}
AD ! to data input valid toriD (15 +nT-44 49 ns Cp. = 100 pF (Note §)
ASTB { to RD { delay time tpsTh 0.5T-16 15 ns  Cp = 100 pF
Data hold time from RD t tuap — o ns Cp= 100 pF
D * to next address active tpRA 05T -14 17 ns Cp= 100pF
RD width low twrL (1.5 +n)T-30 63 ns  Cp = 100 pF (Note 3}
ASTB width high twsTH (05 + a)T-17 14 ns Cp = 100 pF (Note 2)
LIWR or HWR to data output tpwop  05T-10 21 ns  Cp = 100 pF
ASTB i to IWR ¢ or HWR ¢ delay theTw 0.5T - 16 15 ns Cp= 100 pF
Data setup time to LWR { or HWR ¢ tsopw 1+ mT-5 57 ns  Cp = 100 pF (Note 3)
Data hold time after IWNR tor HWR ¢  thywop  — 8 ns  Cp= 100 pF
LWR or HWR width, low toswL (15+nT-380 63 ns Cy. = 100 pF (Note 2, 3)
WAIT setup time from address tSAWT @+ MT-15 110 rs  Cp = 100 pF (Notes 2, 4)
WAIT hold time from address tHawT ©O5+ a+ nT 156 ns Cy. = 100 pF (Notes 2, 4)
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NEC

AC Characteristics (cont)

Parameter

Calculation Formula i Max  Unit

Conditions

WAIT setup time from RD { or WR ¢

(n-1)T-25 37 ns

Cy = 100 pF (Note 4)

WAIT hold time from RD } or WR {

(n-05)T-14 ns

C. = 100 pF (Note 4)

ASTB t delay time from WR 1

1.5T-15 ns

CL = 100 pF

Serial Port Operation

SCK cycle time

output

S input

SCK width, low

output
SCK input

SCK width, high

output

input

81 setup time to SCK 1

Sl hold time after SCK

SCK | to SO delay time

Definitions:

() T = toyk (ns)
(@) a = address wait stateza = Oor1

(3) n_= number of wait states specified by the external wait pin

WAIT and the PWC register

A/D Converter Characteristics

Notes:

(1) toykequals twice the period of the crystal or external clock input.
(@) No address walit state

(@) No walt states

(4) One external wait state and one internal wait state.

Ta = —10 to +70°C; AVpp = Vpp = +5V +10% or +3V +10%; Vgg = AVgg = OV

Parameter Symbol Min Typ Max Unit Conditions

Resolution 10 Bit

Total error* 1.2 %

Quantization error *1/2 LsB

Conversion time tconv 32 tovk AD trigger mode

37 toyk Timer/external trigger mode

Sampling time tsamp 75 toyk

Analog input voltage AlaN -0.3 AVREF1 +0.3 A

Analog input impedance Ran 8D MQ

Reference voltage AVREF1 TBD Vop v

AVREF1 current AIREF1 3.0 9 mA fxx = 32 MHz
TBD 8D mA ADMO.7(CS) = 0

AVpp supply current Alpp 3.3 i3 mA Operational mode

* Does not include quantization error. Percentage of full-scale value is shown.
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Preliminary

D/A Converter Characteristics
Ta = 1010 +70°C; AVpeFa = Vpp = +5V *10%; AVperg = Vgs = 0V

Parameter Symbol Min Typ Max Unit Conditions
Resolution 8 Bit
Overalil error TBD %
Settling time 2 us Load condition 2 MQ, 30 pF
Output resistance Ro 20 kQ When DACS0 and DACS1 are sst to 7FH
Analog reference voltage AVpep2 075 Vpp Vop \'
AVREF3 Vss 02Vpp v
Reference supply input current Alggra 0o 5 mA
Algers -5 ] mA
Up/Down Counter Operation
Ta = —10to +70°C; Vpp = +5V £10% Vgg = OV; T = tgyk (ns)
Parameter Symbol Min Max Unit Conditions
TIUD high-, low-level width twrriud tTiuL aT ns Except mode 4
bT ns Mods 4
TCUD high-, low-level width taTours taTCuL aT ns Except mode 4
bT ns Mode 4
TCLRUD high-, low-level width tweLud tveut aT ns
TCUD setup time to TIUD tsTCu 0 ns Mode 3, rise
TCUD hold time from TIUD ¢ tuTcy 27 ns Mods 3, rise
TIUD setup time to TCUD teaTiU 4T ns Mode 4
TIUD hold time from TCUD tHaTL 4T ns Mode 4
TIUD, TCUD cycle time tovca 1 MHz
Note: a, b are defined by NPC register.
NPC.bit = 0, thena = 4, b = 8; NPC.bit= 1,thena= b = 16.
Other Operations
Ta = ~10to +70°C; Vpp = +5V £10%;Vgg = OV; T = tgyk (n9)
Parameter Symbol Min Max Unit Conditions
NMI high-, low-leve! width tNIH BYNL 2 us
INTPO to INTP4 high-, low-level width twinH: twinL 4T ns
RESET high-, low-level width twnsH twRSL 2 us
Tin high-, low-level width twTinH B TinL aT ns
TCLRn high-, low-level width tweLnt tvoLnL aT ns
ADTRGn high-, low-level width twADn4: twADNL 4T ns
ADC external trigger inputs ADTRGn to taDoININ 37T ns
ADTRGm (valid edge to valid edge)
Note: a is defined by NPC register (a = 4 or 16).
43
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Timing Waveforms

Read Operation (8-Bit Bus)

tork

CLKOUT

ADg -AD15 >§£

Address (High Order) >§

tDAID

T
N

SAST

HighZ A \ 4 HichZ
ADq -AD ;g Addrass (Low Order) <<§ Read Data Addi 07 \ oh
N N A N /
t tHsTA tHRID
—> trpA l«—tppa—>|

——
ASTB /—
tWsSTH———>

tosTR—=>{ <—!DRID—>

[ €——tHRWRY—>
tSRWRY

WAIT

\ /

tsawT

HAWT
§30L-9399B (%33)
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Preliminary

Timing Waveforms (cont)

Read Operation (16-Bit Bus)

H({E Read Data

Address 0-15 Highz

e ———"
[ W TH—>

tHSTA tHRID —
—> tFRA

<—tpRA—>|

2

tpsTRA—=>] <—2Dmg—)l

fwRL
— \
RD
\ /
[ <—tHRWRY—>
tSRWRY
WAIT \ /
N7
t
SAYYT
tHAWT

B3CL-S4008 (383)
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Preliminary

Timing Waveforms (cont)

Write Operation (8-Bit Bus)

%,
*CYK
CLKOUT
4
ADg -ADy5 Address (High Order) X

K.

A N A p

ADg -AD7 X( Address (Low Order) 7§< Undefined >§( Write Data 7§< Address 0-7 >—
tsasT tHSTA> I<—tHwoD >
—
ASTB _/li_
tWsTH—>] [<lpsTw—>| [<—lpwoD—>|<!sopw>|
tywwi l<—tDwsT
. 4
WA A ;Z
tpaRw tHRWR Y
tSRWRY [«
AT \ /
N
£
FSAVYT
tHAWT

83CL-9401B (9/93)
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Preliminary

Timing Waveforms (cont)

Write Operation (16-Bit Bus)

CLKOUT

TOYR -

ADg -AD1g >§E

b A 1 )
Addrass 0-15 ;§< Undsfinsd >§ Wrtte Data Address 0-15
X

-€<——tgasT—>] tHSTA>

<tHwOoD

N\

[ <—twsTH—>{ [<lpsTw <—'Dwoo——>!<‘sonw>
le———twwi————> (<—tpwsT
— s
HWR, (WA b /
X A
tHARW tHRWRY —>
tsRwRY
WAIT \ /
N 7
"
CSAVYT
THAWT
B3CL-5402B (53)
47
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Preliminary

Timing Waveforms (cont)

Serial Port Operation, Clock Synchronous Mode

1CYSK:

[€—IWSKL—>] <—1WSKH
SK___/ . / <___/—_—
N——

S

fSRXSK

83FM-33338B

Up/Down Counter Input

< tymun L twriuL !

l« tsTCU tHTcu twrcuL
ToUD 7 ‘Si( L

twrcuH
1

tweLUH ! twoLuL !
TCLAUD )‘ ’]S /
N

TIUD 1“ ‘:FS /
<—ts4TiL |<— tHaTIU I(——ismu —> tHATIU
TOUD ‘jf {7
S3YL-04058
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NEC pPD78356 Family

Preliminary
Timing Waveforms (cont) A/D Converter Trigger Input
Inter ﬂlpt lnput tWADNH tWADnNL
E—tWNIH—>| [<—twNIL—>] ADTRGn
NMI 0.8VpD / n=013
/ 08V 7
ADTRGn / \
[<—1IWinH: <—twinL—>}
1 L3
INTPD 0.8 Vpp / ADGININ
/ 08V ;.
ADTRGm /l_\_
n=0to4
83YL-9104A
* Any valld edge to any valld edge
Reset Input 837L.0406A
twRsH twRsL
RESET 08Vpp
[1X: 4
83ML-5991A
Timer Input
twrinH twTinL:
Tin
n=0,1
tWoLnH~>| [<—!weLnL:
TCLRn
n=0,1,2
8IVL-GI06A
49
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NEC

PROM PROGRAMMING

The PROM inthe uPD78P356 is one-time programmable
(OTP) or ultraviolet erasable (UV EPROM). The 49,152 x
8-bit PROM has the programming characteristics of an
NEC uPD27C1001A, including both page and byte pro-
gramming modes. Table 4 shows the functions of the
HPD78P356 pins in normal operating mode and PROM
programming mode.

Table 4. Pin Functions During PROM

Programming

Normal Operating Programming
Function Mode Mode
Address input POg - P07, P5g, P2g, Ag - A

P54 - P57
Data input Pdg - P47 Do-D7
Program pulse Pl BGM
Chip enable Plg CE
Qutput enable P14 OE
Program voltage MODEO/Vpp MODEO/Vpp

Mode voltage MODET1, P24, RESET MODE1, P24, RESET

The uPD78P356 also includes a PROM error correction
function capable of correcting one 1-bit error per four
bytes of code. Each device contains 49,152 bytes of
PROM for program storage (0000H to BFFFH) and
12,288 bytes of PROM for error correction code (CO00H

Table 5. Operation Modes for Programming

to EFFFH). A four-byte ECC Control Word (ECW) is
located at addresses FOOOH to F003H and controls the
ECC circuitry. For additional protection, four bytes of
ECC data for the ECW are located at addresses FO04H
to FOO7H. The error correction code and information to
be stored in the ECW are automatically generated and
added to your HEX file by the ECCGEN program sup-
plied with the RA78K3 Relocatable Assembler Package.

PROM Programming Mode

When MODE1, P24, and RESET pins are sst low, the
uPD78P356 enters the PROM programming mode. Op-
eration in this mode is determined by the setting of CE,
OE, PGM, MODEO/Vpp, and Vpp pins as indicated in
table 5.

Mode MODE1 P2, RESET CE OE PGM MODEO/Vpp Vbp Do - Dy
Page data latch L L L H L H +125V +65V Data input
Page program L L L H H L +125V +65V High impedancs
Byte program L L L L H L +125V +65V Data input
Program verify L L L L L H +1285V +65V Data output
Program inhibit L L L X L L +125V +65VY High impedance
X H H

Read L L L L L H +50V +50V Data cutput
Quput disable L L L L H X +50V +50V High impedance
Standby L L H X X +50V +50V High impedance

X can be either Hor L.
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Preliminary

Figure 18. Pin Functions in uPD78P356 PROM Programming Mode; 100-Pin Plastic QFP

Do O

@ONDNOHON - \

REBRNBzzIsaaassad

} opon)

} ©

971
se[1
o5
941
s2{71 O
91{1CE
[:1¢] ]
ssd
ss[0
s7d
g8
-5 )
84
83{]
82[1vpp
81| Vg
80f1(G)
71
780
77|10 Vg
78{1Vpp

99{1Dg
ssfa

(]
93|71 PGM

O 100[1 D4

uPD78P356GC

as
Oas
Oas
a7
Cjas
a9
a2
43
m P73
O 45
48
Oar
O s0

Oas

~
o

IRTLE398832R3R32833 AW

m)
X
8
1

O]

LI

|m g
23

©

[N RN SN

LU
S
° 3

L

——
e

U

Noles:

Recommended
PROM programming:

(Open)

AgC]28
A1 ] 27
Az ] 28
Ag]2e
A4 30
AgC]at
AzC]as
('-)[
Vsg ] 40
Vop [ 41
0q{
@{
(L){

connactions for pins not used during

(L) Connect each pin through a resistor to Vgg.
(G) Connectto Vas-
No connection.

83YL-34078B
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Preliminary

Figure 19. Pin Functions in uPD78P356 PROM Programming Mode; 120-Pin Ceramic LCC

&
z
s E g Q wgg ©w O N~ O
—— 88286252988 Fr35232332246884388
NOoNOOoO00nOnNO0nNOonnnoOnNoOoOopDonNonoDnn
/) SREREPRI2YEP835883885888588388%
AgOd 90 {71 D4
A?EZ O 88{1Dg
Ap]3 88:'}(L)
AzO)4 a7 d
As]s 88| NC
As]s 851
agC}7 s43>(l-)
A7E8 83:]___
L{Eg sz:IEM
10 81 [ OE
NC O 11 80 [INC
12 79[ACE
13 78
o 14 73 )
O1s pPD78P356KP-S 781
NC C}1e 751
Vss':17 74 1 NC
Vpp O 18 731
NC C}19 721
(L){Ezo 711 o
[m P3} 701
NC [ 22 6911 Vpp
(ca){':23 es[2 NG
24 67} Vgg
C]2s 68| NC
(L){Ezs ssg(a)
a7 64
NC 28 ss:l}(o‘)en)
(L){Ezs 62|] Vgg
Ciao 61H Vpp
5883 BEHLBTI2ILLLLIIVILSE338
N O O I O O O
Radheal | 5 ol hrad ol i3 e A
= € § §¢ =X = 2 |ﬁ
Notes:
Recommended connections for pins not used during
PROM programming:
(L) Connect each pin through a reslstor to Vgg.«
(G) Connoctto Vgg.
(Open)  No connection.
NG Connectto Vgg to prevent nolse.
83Y1-94088 (10¥03)
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PROM Byte Programming Procedure

Data can be written to the PROM one byte at a time by
the following procedure.

(1) Set the pins not used for programming as indicated
infigures 18 and 19, Set MODEO/Vpp and Vpp pinsto
+5V and MODEH1, P24, and RESET pins to 0 V. The
CE, OE, and PGM pins should be high.

() Supply +6.5V to Vpp pin and +12.5 V to MODEO/
Vpp pin. Set CE pin low and OE pin high.

(3) Provide initial address to pins A - Ase.

(4) Provide write data.

(5) Input a 0.1-ms program pulse (active low) to PGM
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 10 attempts,
go to step 7.

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

(8) Increment address.
(9) Repeat steps 4-8 until last address is programmed.

PROM Page Programming Procedure

Data can be written to the PROM four bytes at a time
(page programming) by the following procedure.

(1) Setthe pins not used for programming as indicated
infigures 18 and 19. Set MODEOQ/Vpp and Vpp pinsto
+5V and MODE 1, P24, and RESET pinsto 0 V. The
CE, OE, and PGM pins should be high.

(2) Supply +6.5 V to Vpp pin and +12.5 V to MODEO/
Vpep pin. Set CE pin low.

(3) Provide initial page address to pins Ag - As.

(4) Provide first byte of data and latch it into PROM by
pulsing OE low. Continue incrementing address
and latching in data until four bytes have been
loaded.

(5) Input a 0.1-ms program pulse (active low) to PGM
pin. Data bus Dg - D7 is in a high-impedance state.

(6) Use verify mode (pulse OE low four times) to test
four bytes of data. If all four bytes of data have been
written, proceed to step 8; if not, repeat steps 4-6.
If data cannot be written in 10 attempts, go to step
7.

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

(8) Increment address.
(9) Repeat steps 4-8 until last address is programmed.

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 figures 18 and 19. Set MODEO/Vpp and Vpp pins to
+5V and MODE1, P2;, and RESET pinsto 0 V. The
CE, OE, and PGM pins should be high.

(2) Supply +5 V to Vpp pin and MODEG/Vpp pin.
(8) Input address of data to be read to pins Ag - Ae.

(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/cm? (ultraviolet ray
intensity x exposure time) is required to completely
erase the written data. Erasure by an uitraviolet lamp
rated at 12,000 uW/cm2 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
Tp = 25°C *65°C;Vgg = OV

Parameter Symbol Min Typ Max Unit Condition
High-level input voltage Vil 22 Vob Vv (Note 1)
ViH2 0.8 Vpp Vpp \' (Note 2)
Vppp power supply voltage Vobp 6.25 6.5 6.756 A Memory program mode
45 5.0 5.5 v Memory read mode
Vpp power supply voltage Vpp 122 125 12.8 Vv Memory program mode
Vpp = Vppp v Memory read mode
Vppp power supply current Ippp 30 mA Memeory program mode
100 mA Memory read mode
Vpp power supply current Ipp 50 mA Memory program mode
1 100 HA Memory read mode
Notes:

(1) All except pins in Note 2.

@ Pins RESET, X1, POp - POs, P2, P83, - P3g, P8y - P8y, PEs,
P101 - P10, P104- P107.
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AC Programming Characteristics
Ta = 25°C +5°C; Vpp = 6.5 £0.25 V; Vpp = 1255 0.3V
Parameter Symbol Min Typ Max Unit Conditions
Byte Programming Mode
Address setup time to PGM { tas 2 us
CE setup time to PGM ¢ toEs 2 s
Input data setup time to PGM ¢ tps 2 us
Address hold time after OE t tAl 2 us
Input data hold time after PGM t oy 2 us
Output data hold time after OE t o 0 130 ns
Vpp setup time before PGM 4 typs 2 us
Vpp setup time before PGM typs 2 us
Program pulse width tow 0.095 0.1 0.105 ms
Data to OE ¢ delay time toEs 2 us
OE | to data output time toE 150 ns
Page Programming Mode
Address setup time to OF ¢ tas 2 us
CE setup time to OE toEs 2 us
Input data setup time to OE + tps 2 us
Address hold time from OE t tAH 2 us

tAHL 2 Hs

fanv 0 us
Input data hold time after OE t toH 2 us
Output data hold time after OF ¢ toF (s 130 ns
Vpp setup time to OE typs 2 us
Vpp setup time to OE { typs 2 us
Program pulse width tpw 0.095 0.1 0.105 ms
Address to OE ¢ delay time toes 2 us
OE | to data output time toe 150 ns
GE pulse width during data latch ty 1 us
Data to PGM ¢ delay time tpaMs 2 us
CE hold time from PGM * tGEH 2 us
CE hold time from OF t toEH 2 us
Read Mode
Address to data output time tacc 200 ns CE=OE =V
CE { to data output time tcE 200 ns OE = Vi
OE  to data output time toe 75 ns CE= Vi
Data hold time from OE t tor 0 60 ns CE= VL
Data hold time from address toH 0 ns CE=OE = Vj_
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PROM Timing Diagrams
Byte Programming Mode

Program: Program Verify I

Aog-A1e >((
<—tAs—>| tpr |-4—>
A

- 3 4 X
D= D7 =y Data Input > Data Output S —
o7 3 - T X 7
t—tpg—» [etpH ] [—tAH
Vep (
Vpp /]
VDD
[t—typg—m

Voop

Vbb
VDD
typg—
I———tcss—> tPW:
PGM i C

Notes:
[11 Vpp must be applled before Vpp and removed after V pp.
[2] Vpp must not be greater than +13.6 V, including overshoot.

3] Removing and relngerting the device while a voltage of +125V
Is applied to pin Vpp may affect device reliabliity.

<40ES->| ~—top—

gl
‘;F
N

83CL-91668
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N EC HPD78356 Family

PROM Timing Diagrams (cont)

Page Programming Mode; Page Data Latch — Page Program

Page Data Latch ,i Page Program ~>[

= ﬂi? X

le— tpg —

Dp-D First Byte Socond Byte Third Byte FourhByts % £¢ /
0-7 Data Input Data Input Data Input Datalnput 2 27 \
<— tvps > I« traMms
Vob
le— tvps

e I AN A A

Notss:
[1] Vpp must be applled before Vpp and removed after V pp.
[2] Ypp must not be greater than +13.5 V, Including overshoot.

[8] Removing and reinserting the device white a votage of +125V
Is appiled to pin Vpp may affect device refablty.

83CL-156B
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puPD78356 Family NEC

PROM Timing Diagrams (cont)
Page Programming Mode; Page Program — Program Verify

I(—Paga Program ri Program Verify >
tanv —)l '(— %
£ (44
5> v

X X

|
{DF —>| [<—
rst Byte Second Byte > < Third Byte Fourth Byte >
Data Quiput Data Output Data Output
—> ‘(— 1AH

£C
rb

P foEH

: AN

Notes:
[1] Vpp must be applied before Vpp and removed after Vpp.
[2] Vpp must not be greater than +13.5 V, Including overshoot.

[3] Removing and relnserting the device while a voltage of +12.5 V
is applled to pin Vpp may affect device reltabllity.
82CL-61578
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NEC pPD78356 Family

PROM Timing Diagrams (cont)

Read Mode

Ag-Atg >§E Effective Address X

tcE

I(—fos—) I:Tuﬂ?ﬁ?
o

Rl

al
L
e

tA tOH>]
High fmpedance [/ /T . INX\%  HighImpedance
PoB7 ANANNR Deta Ouiput H7F
Note:
[1} 1D|-.-lsapeelﬂodfmm5_E'ora§, whichever goes high first.
830131588
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pPD78356 Family

L7E D W LY27525 0039374 96T EENECE

NEC

INSTRUCTION SET

The instruction set of the uPD78356 family is upward
compatible with the uPD78322, and uPD78352 families.
Four new instructions (MACW, MACSW SACW, and
MOVTBL) have been added to the uPD78322 and two
(MACSW and SACW) to the uPD78352 . These addi-
tional instructions facilitate digital signal processing.

Convolution instruction MACW calculates the sum of
the products of “n” pairs of terms stored in main RAM.
The value of “n” is limited only by the amount of main
RAM available. The operation of the convolution in-
struction with saturation word MACSW is identical to
instruction MACW except when the instuction termi-
nates with the P/V flag set. In this case, the AXDE
register will be set to 7FFFFFFFH by an overflow or
80000000H by an underflow.

Correlation instruction SACW subtracts correspond-
ing factors of two tables and calculates the sum of the
absolute values of these subtractions. Instruction
MOVTBL displaces a data table by one 16-bit word to
make room for a new data word.

The instruction set features both 8- and 16-bit data
transfer, arithmetic, and logic instructions and single-
bit manipulation instructions, String manipulation in-
structions are also included. Branch instructions exist
to test individual bits in the program status word, the
16-bit accumulator, the special function registers, and
the saddr portion of on-chip RAM. Instructions rangein
length from 1 to 6 bytes depending on the instruction
and addressing mode.

Flag Column Indicators

Symbol Action

(blank) No change

o] Setto 0

1 Setto 1

X Set or cleared according to result
P P/V indicates parity of result

A P/V indicates arithmetic overflow
R Restored from saved PSW

60

Instruction Set Symbols

Symbol Definition
r RO, R1, R2, R3, R4, R5, R6, R7, R8, RY, R10, R11,
R12, R13, R14, R15
r RO, R1, R2, R3, R4, R5, R6, R7
2 C B
p RPO, RP1, RP2, RP3, RP4, RP5, RP&, RP7*
rp1 RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7*
rp2 DE, HL, VP, UP
sfr Special function register, 8 bits
sfrp Special function register, 16 bits
post RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7, Bits
set to 1 indicate register pairs to be pushed/
popped toffrom stack; RP5 pushed/popped by
PUSH/POP, SP is stack pointer; PSW pushed/
popped by PUSHU/POPU, RP5 is stack pointer.
mem Register indirect: [DE], [HL], [DE+], [HL+], [DE-],
[HL-], [VP], [UP]
Base Index Mode: [DE-+ A], [HL+ A], [DE+ B],
[HL+ B], [VP+ DE], [VP+HL]
Base Mode: [DE+ byte], [HL+ byte], [VP+ byte],
[UP+ byte], [SP+ byte]
Index Mode: word [A], word [B], word [DE], word
[HL]
saddr FE20-FF1FH; Immediate byte addresses one byte
in RAM, or label
saddrp FE20-FF1FH: Immediate byte (bit 0=0) addresses
one word in RAM, or label
word 16 bits of immediate data, or label
byte 8 bits of immediate data, or label
jdisp8 8-bit two's complement displacement (immediate
data, displacement value —128 to +127)
bit 3 bits of immediate data (bit position in byte), or
label
n 3 bits of immediate data
laddri6 16-bit absolute address specified by an immediate
address or label
Saddri6 Relative branch address or label
addri6 16-bit address
laddr11 11-bit immediate address or label
addri{ 0800H-OFFFH: 0800H + (11-bit immediate
address), or label
addrs 0040H-007EH: 0040H + 2 X (6-bit immediate
address), or label
A A register (8-bit accumulator)
X X register
B B register
(o] C register
D D register
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NEC p#PD78356 Family

Instruction Set Symbols (cont)

Symbol Definition

E E register

H H register

L L register

RO-R15 Register 0 to register 15

AX Register pair AX (16-bit accumulator)
BC Register pair BC

DE Register pair DE

HL Register pair HL

RPO- Register pair 0 to register pair 7
RP7

PC Program counter

sp Stack pointer

UP User stack pointer (RP5)

Psw Program status word

PSWH High-order 8 bits of PSW

PSWL Low-order 8 bits of PSW

cYy Carry flag

AC Auxiliary carry flag

4 Zero flag

PV Parity/overflow flag

] Sign flag

TPF Table position flag

RBS Register bank selact flag

ASS Register set select flag

IE Inrterrupt enable flag

STBC Standby control register

WDM Watchdog timer mode register
() Contents ¢f 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

N Logical product (AND)

Y Logical sum (ORj

2 Exclusive legical sum (exclusive OR)

— Inverted data

*rp and rp1 describe the same registers but generate different
machine code.
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Instruction Set
Mnemonic Operand Operation
8-Bit Data Transfer
MOV 1, #byte r1 « byte 2

saddr, #byte (saddr) <« byte 3
sfr, #byte (Note 1) sfr < byte 3
nr reri 2
A A<eri 1
A, saddr A <« (saddr) 2
saddr, A (saddr) < A 2
saddr, saddr (saddr) « (saddr) 3
A, sfr A <« sfr 2
sfr, A sfr<— A 2
A, mem (Note 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, laddrie A < (addr16) 4
laddrie, A (addr16) < A 4
PSWL, #byte PSWL <« byte 3 X X X X X
PSWH, #byte PSWH <« byte 3
PSWL, A PSWL <« A 2 X X X X X
PSWH, A PSWH < A 2
A, PSWL A < PSWL 2
A, PSWH A <« PSWH 2
XCH A Aer 1
rrl rer 2
A, mem A <> (mem) 2-4
A, saddr A < (saddn) 2
A, sfr A o sfr 3
A, [saddrp] A <> ((saddrp)) 2
saddr, saddr (saddr) <> (saddr) 3
16-Bit Data Transfer
MOovw tpi, #word rp1 < word 3
saddrp, #word (saddrp) < word 4
sfrp, #word sfrp < word 4
rp, rpi p <« rpi 2
AX, saddrp AX <« (saddrp) 2
saddrp, AX (saddrp) < AX 2
saddrp, saddrp (saddrp) < (saddrp) 3
62
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puPD78356 Family

Instruction Set (cont)

Flags

Mnemonic Operand Operation Bytes S z AC PV CcY

16-Bit Data Transfer (cont)

Movw AX, sfrp AX <« sfrp 2

(eont) sfrp, AX sfrp « AX 2
rpl, laddrie rp1 « (addr16) 4
faddri6, rp1 {addri6) <« rp1 4
AX, mem AX « {mem) 2-4
mem, AX {mem) « AX 2-4

XCHW AX, saddrp AX <> (saddrp) 2
AX, sfrp AX o sfrp 3
saddrp, saddrp (saddrp) <> (saddrp) 3
rp, rpt tp < 1pl 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 Vv X
sfr, #byte sfr, CY « sfr + byte 4 X X X v X
rrl LCY«r+ 1l 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 \4 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 (sadds), 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+ 1+ CY 2 X X X v 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 A\ 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 v X

SuB A, #byte A, CY «— A-byte 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 \ X
rnri LCY<«r~r1l 2 X X X A X
A, saddr A, CY <« A— (saddr) 2 X X X v 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 v X
mem, A (mem), CY « (mem) — A 2-4 X X X \ X

8
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Instruction Set (cont)
Mnemonic Operand Operation Bytes S z AC PV cY
8-Bit Arithmetic (cont)
SUBC A, #byte A, CY <~ A—byte-CY 2 X X X \ X
saddr, #byte (saddr), CY < (saddr) — byte — CY 3 X X X \ X
sfr, #byte sfr, CY < sfr - byte - CY 4 X X X A X
rnr LCY<«r~rt-CY 2 X X X v 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 A X
saddr, saddr (saddr), CY <« (saddi) ~ (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 A X
8-Bit Logic
AND A, #byte A< A/ byte 2 X X P
saddr, #byte (saddr) < (saddr) /\ byte 3 X X P
sfr, #byte sfr « sfr /\ byte 4 X X P
nr re—rA\ri 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) A\ (saddr) 3 X X P
A, mem A< A/ (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
n re-rVr 2 X X P
A, saddr A< AV (saddp) 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 X X P
sfr, #byte sfr < sfr ¥ byte 4 X X P
rrl r<r¥n 2 X X P
A, saddr A < AN (saddp) 2 X X P
A, sfr A<« A sir 3 X X P
saddr, saddr (saddr) < (saddr) ¥ (saddr) 3 X X P
A, mem A « A (mem) 2-4 X X P
mem, A (mem) « (mem) VA 2-4 X X P
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Instruction Set (cont)
Flags

Mnemonlc 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 \ X
sfr, #byte sfr— byte 4 X X X \ X
nrl r—ri 2 X X X A X
A, saddr A — (saddr) 2 X X X v X
A, sfr A-sfr 3 X X X \ X
saddr, saddr (saddr) — (saddr) 3 X X X \' X
A, mem A~ (mem) 2.4 X X X \ 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 v X
saddrp, #word (saddrp), CY « (saddrp) + word 4 X X X v X
sfrp, #word sfrp, CY <« sfrp + word 5 X X X A X
p, rpl , CY < tp + rpi 2 X X X v X
AX, saddrp AX, CY « AX + (saddrp) 2 X X X A X
AX, sfrp AX, CY « AX +sfip 3 X X X A X
saddrp, saddrp {saddrp), CY <« (saddrp} + (saddrp) 3 X X X v X

SUBW AX, #word AX, CY « AX — word 3 X X X A X
saddrp, #word {saddrp), CY <« (saddrp) - word 4 X X X A X
sfrp, #word sfrp, CY « sfrp — word 5 X X X A X
p, rpl rp, CY <~ p —rpi 2 X X X v X
AX, saddrp AX, CY « AX — (saddrp) 2 X X X A X
AX, sfrp AX, CY « AX —sfrp 3 X X X v X
saddrp, saddrp (saddrp), CY < (saddrp) — (saddrp) 3 X X X \' X

CMPW AX, #word AX - word 3 X X X v X
saddrp, #word {saddrp) — word 4 X X X \ X
sfrp, #word sfrp —word 5 X X X v X
p, rp1 p—rpi 2 X X X v X
AX, saddrp AX - (saddrp) 2 X X X \ X
AX, sfip AX —sfip 3 X X X v X
saddrp, saddrp (saddrp} — (saddrp) 3 X X X v X

Multiplication/Division

MULU n AX «—Axri 2

DiVUuwW n AX (quotient), r1 (remainder) « AX -+~ 1

MULUW rpi AX (high-order 16 bits), rpt (low-order 16 bits) « 2

AX x rp1

DIVUX rpt AXDE (quotient), rpt (remaindst) <« AXDE = rpi 2

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

{Note 3) bits) < AX x rp1
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pPD78356 Family NEC

Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S z AC PN CcY
Sum-of-Products
MACW n AXDE < (B) x (C) + AXDE, B« B + 2,C«C + 3 X X X v X

2,n<—n-1.Endifn=00rP/V=1
Sum-of-Products With Saturation

MACSW n AXDE « (B) X (C) + AXDE, B < B+2,C <« C + 2, 3 x  x X X X
n < n—1, if overflow (P/V = 1) then AXDE <
7FFFFFFFH, if underflow (P/V = 1) then AXDE <«
80000000H. Endifn= 0 or P/V = 1

Correlation Operation

SACW [DE+], [HL+] AX « AX + I(DE)-(HL)}, DE « DE+2 HL « HL + 4 X X X v X
2,0« C-1.EndifC= 0orCY =

Table Shift
MOVTBLW laddr 16, n (addr16 + 2) « (addr16), n < n-1, addr16 4

(Note 4) <« addri6—-2,Endifn = 0
Increment/Decrement
INC r Her+1 1 X X X v

saddr (saddr) <- (saddr) + 1 2 X X X Vv
DEC i Meri-1 1 X X X v

saddr (saddi) <« (saddr) —~ 1 2 X X X A
INCW p2 p2 < rp2 + 1 1

saddrp (saddrp) <« (saddrp) + 1 3
DECW p2 rp2 < mp2 -1 1

saddrp (saddrp) <« (saddrp) — 1 3
Shift/Rotate
ROR ,n (CY, r17 < rig, M1 < i) x ntimes 2 P X
ROL M, n (CY, g <1z, rig 4 4 < ) x n times 2 P X
RORC M, n (CY <« r1g, M7« CY, rlp1 <= riy) x n times 2 P X
ROLC M, n (CY <« r17, Mg < CY, rij4 1 < i) x ntimes 2 P X
SHR M, n (CY « rig, M7 <0, rl; 4 < i) x n times 2 X X 0 P X
SHL ,n (CY « ri7, Mg <0, 14 1 < i) X ntimes 2 X X 0 P X
SHRW el n {CY « rplg, rpl145 < 0, rp1 -1 < 1p1py) X n times 2 X X 0 P X
SHLW rpl, n (CY < tply5 tplg < 0, IpT 4 1 < FP1) X ntimes 2 X X 0 P X
ROR4 [rpi} Ag-0 + (p)a-0: (IP1)7-4 < Az-0 2

(rpl)3—0 < (rP1)7-4
ROL4 [rpi] Ag_g <« (P1)7-4, (P30 < Az-or 2
(rp1)7-4 < (P1)3-0

BCD Adjustment
ADJBA Decimal adjust accumulator after add 2 X X X P X
ADJBS : Decimal adjust acoumulator after subtract 2 X X X P X
Data Expansion
CVTBW XA, Ago<— Az 1
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Instruction Set (cont)

Flags

Mnemonle Operand Operation Bytes S z AC PV cY

Bit Manipulation

MOV1 CY, saddrbit CY <« (saddrbit) 3 X
CY, sfrbit CY <« sfrbit 3 X
CY, A.bit CY <« A.bit 2 X
CY, X.bit CY « X.bit 2 X
CY, PSWH.bit CY « PSWH.bit 2 X
CY, PSWL.bit CY « PSWL.bit 2 X
saddrbit, CY (saddrbit) « CY 3
sfr.bit, CY sfrbit « CY 3
A.bit, CY A.bit« CY 2
X.bit, CY X.bit e CY 2
PSWH.bit, CY PSWH.bit < CY 2
PSWL.bit, CY PSWLkit« CY 2 X X X X

AND1 CY, saddrbit CY « CY N\ (saddrbit) 3 X
CY, /saddrbit CY « CY /A (saddrbit) 3 X
CY, sfrbit CY « CY A sirbit 3 X
CY, fstrbit CY « CY A\ sfrbit 3 X
CY, A.bit CY « CY 7~ A.bit 2 X
CY, /A.bit CY « CY 7/~ Abit 2 X
CY. X.bit CY « CY A X.bit 2 X
CY, fX.bit CY « CY /- X&it 2 X
CY, PSWH.bit CY « CY /A PSWH.bit 2 X
CY, /PSWH.kit CY « CY /« 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, fsaddr.bit CY « CY V (saddrbit) 3 X
CY, sfrbit CY « CY VY sfrbit 3 X
CY, fsfrbit CY « OY V sirbit 3 X
CY, A.bit CY «- CY VY 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 VV PSWH.bit 2 X
CY, /PSWH.bit CY « CY VY PSWH.bit 2 X
CY, PSWL.bit CY « CY Y PSWL.bit 2 X
CY, /PSWL.bit CY « CY V PSWL.bit 2 X
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Instruction Set (cont)
Mnemonic Operand Operation Bytes S z AC PN CcY
Bit Manipulation (cont)
XOR1 CY, saddrbit CY <« CY V" (saddrbif) 3 X
CY, sfrbit CY « CY ¥ sfrbit 3 X
CY, A.bit CY « CY ¥ Abit 2 X
CY, X.bit CY <« CY ¥V X.bit 2 X
CY, PSWH.bit CY < CY ¥ PSWH.bit 2 X
CY, PSWL.bit CY <« CY ¥ PSWL.bit 2 X
SET1 saddrbit (saddrbit) < 1 2
sfrbit sfrbit « 1 3
A.bit A.bit+« 1 2
X.bit X.bit <1 2
PSWH.bit PSWH.bit « 1 2
PSWL.bit PSWL.bit < 1 2 X X X X X
CLRt saddrbit (saddrbit) <0 2
sfrbit sfrbit< 0 ]
A.bit Abit< 0 2
X.bit X.bit< 0 2
PSWH.bit PSWH.bit < 0 2
PSWL.bit PSWL.bit <0 2 X X X X X
NOT1 saddrbit (saddrbif) < (saddrbit) 3
strbit sfrbit « sfrbit 3
A.bit A.bit « Abit 2
X.bit X.bit < Xbit 2
PSWH.bit PSWH.bit < PSWH.bit 2
PSWL.bit PSWL.bit < PSWL.bit 2 X X X X X
SET1 cY CY «1 1 1
CLR1 cY CY<«0 1 o
NOT1 cY CY «CY 1 X
Subroutine Linkage
CALL laddr16 (SP-1) « (PC + 3)y, (B8P ~2) « (PC + 3)|, 3
PC <« addri6, SP <~ SP -2
pi (SP~1) « (PC + 2)y, (SP-2) « (PC + 2)), 2
PCy « rply, POL < rpi, SP«<SP-2
Irptl (SP-1) « (PC + 2}y, (SP—2) « (PC + 2),, 2
PCy < (rp1 + 1), PCL < (p1), SP<SP -2
CALLF taddri1 (SP-1) « (PC + 2y, (SP—2) < (PC + 2)¢, 2
PC15-11 « 00001, PCyg_g <~ addri1, SP < 8P -2
CALLT [addr5] (SP-1) « (PC + 1)y, (SP—2) « (PC + 1), 1

PCy <« (TPFx8000H + 2 x addr5 + 41H),
PC| « (TPFx8000H + 2 x addr5 + 40H}, SP «
SP-2
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Instruction Set (cont)
Flags
Mnemonic Operand Operation Bytes S z AC PV cYy
Subroutine Linkage (conf)
BRK (SP-1) « PSWH, (SP - 2) « PSWL, (SP - 1
3) « (PC + 1)y, (SP-4) « (PC + 1),
PCy < (003EH), PCy < (003FH), SP <~ SP - 4,
[E<0
RET PCy « (SP), PCy<«(SP + 1),SP <SP + 2 1
RETB PC| « (SP), PCy « (SP + 1), PSWL « (SP + 2), 1 R R R R R
PSWH « (SP + 3),SP <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, (SP-2) <~ sfr, SP«~SP -2
post {(SP —1) < rppy, (SP - 2) < rpp;, SP <SP -2} x
n (Note 5)
PSW (B8P~ 1) <« PSWH, (SP-2) « PSWL,SP <8P -2 1
PUSHU post {(UP - 1) <~ rppy, (UP -~ 2) «rpp;, UP <« UP -2} x 2
n (Note 5)
POP sfrp sfrg < (SP), sfry <« (SP + 1), 8P« SP + 2
post {rppL < (SP}), rppyy < (SP + 1), SP <SP + 2} xn
(Note 5)
PSW PSWL < (SP), PSWH <« (SP + 1), SP <8P + 2 1 R R R R R
POPU post {rppL < (UP), rppy < (UP + 1), UP < UP + 2} xn
(Note 5)
MovwW SP, #word SP < word 4
SP, AX SP « AX 2
AX, 8P AX <SP 2
INCW SP SP«SP+ 1 2
DECW SP SP«S8P-1 2
Pin Level Test
CHKL sfr {Pin level) ¥ (internal signal level) 3 X X P
CHKLA sfr A < (Pin level) *7 (internal signal level) 3 X X P
Unconditional Branch
BR laddr16 PC « addri6 3
rpl PCy <« rpiy, PC| « 1piy 2
[rp1] PCy « (rp1 + 1), PC <« (1p1) 2
$addrie PC « PC + 2 + jdisp8 2
Conditional Branch
BC, BL $addri6 PC «PC + 2 + jdisp8 i CY = 1 2
BNC, BNL $addris PC«PC+ 2+ [disp8ifCY=0 2
BZ, BE $addris PC«-PC + 2 + [disp8ifZ = 1 2
BNZ, BNE Saddri6 PC«PC+ 2+ [disp8ifZ=0 2
BV, BPE $addri6 PC«PC + 2 + jdisp8IfP/V = 1 2
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Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S z AC PNV (2 4
Conditional Branch (cont)
BNV, BPO $addri6 PC <« PC + 2 + jdisp8if P/V =10 2
BN $addr16 PC<«PC+ 2+ jdisp8ifS = 1 2
BP $addr16 PC«<PC+ 2+ jdisp8ifS =0 2
BGT $addr16 PC <« PC+ 8+ jdisp8if P/VVS)VZ=0 3
BGE $addri6 PC« PC + 3 + jdisp8if P/V V'S =0 3
BLT $addri6 PC < PC + 3 + |disp8if P/V VS = 1 3
BLE $addri6 PC <« PC + 3 + jdisp8if (P/V VSV Z =1 3
BH $addr16 PC«PC+ 3+ jdisp8ifZV CY =0 3
BNH $addri6 PG« PC+ 3 + jdisp8ifZV CY = 1 3
BT saddrbit, $addr16 PC « PC + 3 + jdisp8 if (saddrbit) = 1 3
sfr.bit, $addri6 PC < PC + 4 + jdisp8 if sfrbit = 1 4
A.bit, $addri6 PC «-PC + 3 + jdisp8 if A.bit = 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, $addrié PC « PC + 3 + jdisp8 if PSWL.bit = 1 3
BF saddrbit, $addri6 PC < PC + 4 + jdisp8 if (saddrbit}) = 0 4
sfr.bit, $addr16 PC <« PC + 4 + jdisp8 if sfrbit = 0 4
A.bit, $addr16 PC «- PC + 3 + jdisp8if Abit= 0 3
X.bit, $addri6 PC « PC + 3 + jdisp8 if X.bit= 0 3
PSWH.bit, $addri6 PC <~ PC + 3 + jdisp8 if PSWH.bit = 0 3
PSWL.bit, $addr16 PC <~ PC + 3 + jdisp8 if PSWL.bit = 0 3
BTCLR saddrbit, $addr16 PC < PC + 4 + jdisp8 If (saddrbit) = 1 then reset 4
{saddr.bit)
sfrbit, $addr16 PC <~ PC + 4 + jdisp8 if sfrbit = 1 then reset 4
sfrbit
A.bit, $addr16 PC « PC + 3 + jdisp8 if A.bit = 1 then reset A.bit
X.bit, $addr16 PC <« PC + 3 + jdisp8 if X.bit = 1 then reset X.bit
PSWH.bit, $addr16 PC < PC + 3 + jdisp8 if PSWH.bit = 1 then reset
PSWH.bit
PSWL.bit, $addri6 PC < PC + 3 + jdisp8 if PSWL.bit = 1 then reset 3 X X X X X
PSWL.bit
BFSET saddrbit, $addr16 PC « PC + 4 + jdisp8 if (saddrbit) = 0 then set 4
(saddr.bit)
sfrbit, $addri6 PC < PC + 4 + jdisp8 if sfrbit = 0 then set sfrbit 4
A.bit, $addr16 PC « PC + 3 + jdisp8 if A.bit = 0 then sot A.bit 3
X.bit, $addri6 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 + jdisp8 if PSWL.bit = 0 then set 3 X X X X X
PSWL.bit
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Instruction Set (cont)

Flags
Mnemonic Operand Operation Bytes S z AC PV (3 4
Conditional Branch (cont)
DBNZ 12, $addri6 R«rR2-1,then PC« PC + 2 + jdisp8ifr2 = 0 2
saddr, $addri6 (saddr) < (saddr) — 1, then PC <~ PC + 8 + jdisp8 3
if (saddr) = 0
Context Switching
BRKCS RBn RBS;.g « N, PCy < RS, PCL < R4, R7 « PSWH, 2
R6 « PSWL,RSS « 0, [E<«0
RETCS laddr16 PCy < BS5, PC_ < R4, RS « addri6y, 3 R R R R R
R4 « addrig,
PSWH « R7, PSWL < RS
RETCSB taddri6 PCy <« RS, PC_ < R4, RS « addri6y, 4 R R R R R
R4 « addr16;,PSWH <« R7, PSWL « R6
String Manipulation
MOVM [DE+]1, A (DE+) «A,C«<C-1EndifC =0 2
[DE-L A (DE-) <A, C— C-1EndifG =0 2
MOVBK [DE+1, {HL+] (DE+) « (HL+), C< C-1 EndifC = 0 2
[DE-], [HL-] (DE-) « (HL-), G« C-1 EndHC = 0 2
XCHM [DE+], A (DE+) < A, C« C-1EndifC =0 2
[DE-], A (DE9) A, C<C-1EndifC =0 2
XCHBK [DE+], [HL+] (DE+) © (HL+),C«—C-1 EndifC= 0 2
[DE-], [HL-] (DEJ) «» (HL), C« C-1 Endif C = 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 \ X
CMPBKE [DE+], [HL+] (DE+) - (HL+),C« C-1EndifC=0o0rZ= 0 2 X X X \' X
[DE-}, [HL-] (DE)-(HL), C« C-1EndifC=00rZ=0 2 X X X v X
CMPMNE [DE+], A (DE+)-A,C«C-1EndifC=00rZ=1 2 X X X \'4 X
[DE-}, A (DE)-A,C«C-1EndifC=00rZ=1 2 X X X \' X
CMPBKNE [DE+1, [HL+] (DE+)~ (HL+), C«C-1 EndifC = 0orZ =1 2 X X X v X
[DE-], [HLA] (DE)-(HL), C«~ C-1EndifC=0orZ =1 2 X X X v X
CMPMC [DE+1, A (DE+)~A,C« C-1EndifC=00rCY =0 2 X X X v X
[DE-], A (DEJ)—A,C <« C-1EndifC=00rCY =0 2 X X X v X
CMPBKC [DE+], [HL+1 (DE+) -~ (HL+),C <« C-1 EndifC = 0orCY =0 2 X X X v X
[DE-], [HL-] (DE-) — (HL), C< C-1EndifC = 0orCY = 0 2 X X X v X
CMPMNC [DE+], A (DE+)-~A,C< C1EndifC=00rCY = 1 2 X X X v X
[DE-], A (DE-)-A,C«C-1EndifC = 00orQY = 1 2 X X X \' X
CMPBKNC  [DE+], [HL+] (DE+) - (HL+), C«— C-1End ifC= 0 or CY = 1 2 X X X v X
[DE-], [HL-] (DE) - (HL), C <« C-1End ifC= 0 or CY = 1 2 X X X v X
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HPD78356 Family NEC

Instruction Set (cont)

Mnemonic Operand Operation

CPU Control

MoV STBC, #byte STBC < byte (Note 6)
WDM, #byte WDM < byte (Note 6)

SWRS RSS « RSS

SEL RBn RBSp.0 < n, RSS « 0
RBn, ALT RBS,.0 < n, RSS « 1

NOP No operation

El |IE < 1 (Enable interrupt)

DI |IE <« 0 (Disable interrupt)

alalalm|p[=2s]s

Notes:
(1) A special instruction is used to write to STBC and WDM.

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

{3) 16-bit signed multiply instruction
(4) Addressing range is OFEOOH to OFEFFH.

8) 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| « (003CH), PCH <« (003DH).
SP < SP-4,[E <0,
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NEC HPD78356 Family

PACKAGE DRAWINGS

100-Pin Plastic QFP (Dwg No. P100GC-50-7EA)

A
Mem  Millmeters nches f a
A 16.0 0.4 630 =.016
B 140 =02 &1 008 REEIEEEREECELERERERERLE]
— /75 51
+.009 = —
c 140 =02 851 1 e =5 =
- = —
D 16.0 0.4 630 = .016 = ! ==
F 10 039 =] =
G 1.0 039 == =
H 0.20 =0.10 ,008 =,004 = ==
1 0.08 003 == - - ==— [C|D
[ ==
J 05 (T.P) 020 (T.P) == ==
K 1.0 202 039 :% = =
+.008 = [ =
L 05 =02 020 T i zmo mg
M 0.15 = 0.05 006 +.002 N\ 25,
N o0 004 i ?HHHHHHHHHHH HHHHHHHHHH? 3
P 145 057 o e Sl Sl
Q 0.1 0.1 004 = .004 G H K] -J
s 1.7 max 067 max @l @ [ ]
Enlarged detaff of tead end
K .
s
e
] N
a 55
P100GC-B0-7EA B83RD-7536B (5/99)
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pPD78356 Family NEC

PACKAGE DRAWINGS (cont)

120-Pin Ceramic LCC With Window (Dwg No. X120KW-80A)

Fillilmeters inches
27.3 =027

245 965

245 9685

2738 027 1.075 =.011
1.84 076

2.14 084

3.57 max 441 max
0.51 =010 020 =.004
0.08 003

0.8 (TP) 031 (TP)
10 £ 0.15 039 +.008
0.10 004

0.3 cor 012 cor
2.05 081

2.05 081

8.0 rad

12,0

1.5

1.0

Hem
A
B
C
D
E
F
G
H
I
J
K
N
Q
R
S
T
U
v
w
Y
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