DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT
uPD78330, 78334

16/8 BIT SINGLE-CHIP MICROCOMPUTER

The uPD78334 is a product of the 78K!/Ill series. It contains a 16-bit high-performance CPU.

The uPD78334 has a more powerful function for the real-time pulse unit and contains more extended internal
memory than the uPD78322. This is the most suitable product for real-time control such as DC servomotor control.

The uPD78334 contains a 32K-byte mask ROM and a 1024-byte RAM.

The uPD78330 is a ROM-less version of the uPD78334. The uPD78P334 is a PROM version of the uPD78334,

The following user's manual describes the details of functions. Be sure to read it before design.

uPD78334 User's Manual: IEU-1315

FEATURES
* 16-bit internal architecture, 8-bit external data bus
* High-speed data processing using the pipeline control system and instruction prefetching
» Minimum instruction execution time: 250 ns
(internal clock frequency at 8 MHz, external clock frequency at 16 MHz)
* An instruction set suited for contro! applications (uPD78312 upward compatible)
+ 18-bit arithmetic/logical instruction
+ Multiply/divide instruction (16 bits x 18 bits, 32 bits + 16 bits)
« Signed multiply instruction
» Bit manipulation instruction and so on
* More powerful real-time pulse unit
* 10-bit high-resolution A/D (analog-to-digital) converter. 16 channels
* Discrete serial interfaces: 2 channels
+ UART
« Synchronous serial interface/SBI
¢ Built-in advanced function interrupt controller
» A 3-level priority can be specified by software.
- One interrupt processing mode can be selected out of three types: vectored interrupt function, macro service
function, and context switching function.
* High-procession PWM signal output function: 2 channels
* Watchdog timer function for detecting a program crash

APPLICATIONS
Factory automation (FA) field

Unless other wise specified, the explanation of the uPD78334 also applies to the uPD78330.

The information in this document is subject to change without notice.

Document No. U10185EJ5V0ODS00 Major chanass in this revision are indicated by stars (%) in the margins.
(5th edition)
Date Published September 1995 P B Lue?525 008bbbl 843 WM

Printed in Japan © NEC Corporation 1989 \




1PD78330, 78334

ORDERING INFORMATION

Part number Package Internal ROM
uPD78330GJ-5BG 94-pin plastic QFP (20 x 20 mm) Not provided
uPD78330LQ 84-pin plastic QFJ (square-type 1150 mil) Not provided
UPD78334GJ-xxx-5BG 94-pin plastic QFP (20 x 20 mm) Mask ROM
pPD78334LQ-xxx 84-pin plastic QFJ (square-type 1150 mil) Mask ROM

Remark xxx indicates the ROM code number
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PIN CONFIGURATION (TOP VIEW)

84-pin plastic QFJ (square-type 1150 mil)
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Fig. 4-23 Configuration of the Baud Rate Generator
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NEC uPD78330, 78334

P00 - PO7 : PortO NMI : Nonmaskable interrupt
P10 - P17 : Port1 TxD : Transmit data

P20 - P27 : Port2 RxD : Receive data

P30 - P37 : Port3 | :  Serial input

P40 - P47 : Port4 SO : Serial output

P50 - P57 : Ports SBO, SB1 :  Serial bus

P70 - P77 : Port7 RD :  Read strobe

P8O - P87 : Port 8 WR : Write strobe

P90 - P95 : Port9 ASTB : Address strobe

ADO - AD7 1 Address/data bus EA : External access

A8 - A15 : Address bus RESET : Reset

ANIO - ANI15  :  Analog input SCK . Serial clock

Ti :  Timer input X1, X2 : Crystal

TO11,TO12 WDTO :  Watchdog timer output
TO20, TO21 : Timer output AVop > Analog Voo

TO30 : AVRer : Analog reference voltage
CLKOUT :  Clock output AVss > Analog Vss

PWMO, PWM1 : Pulse width modulation output Voo : Power supply

INTPO - INTP6 : Interrupt from peripherals Vss : Ground

PTPO - RTP7 : Real-time port NC : Open

PPOO - PPO5 : Programmable pulse output
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FUNCTION OVERVIEW

Iltem

Description

tions

Number of basic instruc-

111

Minimum instruction
execution time

250 ns (internal clock frequency at 8 MHz, external clock frequency at 16 MHz)

Internal memory

« ROM: 32K bytes (uPD78334)
Not provided (uPD78330)
+ RAM: 1K bytes

Memory space

64K bytes (can externally be extended)

General register

8 bits x 16 x 8 banks

Instruction set

* 16-bit transfer or arithmetic/logical instruction

* Multiply/divide instruction (16 bits x 16 bits, 32 bits + 16 bits)

« Bit manipulation instruction (transfer, Boolean operation, set, reset, and test)
+ Context switching instruction

¢ String instruction

Real-time pulse unit

* 18/16-bit timer/counter: 1 channel
18/16-bit compare registers:
18/16-bit capture registers:
18/16-bit capture/compare registers:
Pulse outputs:

* 16-bit timers/counters: 3 channels
16-bit compare registers:
16-bit capture register:

Timer outputs: 5

DN LG,

- O

Real-time output port

Pulse output synchronized with RPU: 8

A/D converter

10-bit resolution: 16 channels

Interrupt function

* External: 8, internal: 13 (also external: 2)

« A 3-level priority can be specified by software.

+ One interrupt processing mode can be selected out of three types: vectored interrupt
function, macro service function, and context switching function.

Test source Internal: 1 .
» Input ports: 24 (16 ports for analog input)
10 line e /O ports: 46 (uPD78334)

28 (uPD78330)

Serial interface

Serial interface with a dedicated baud rate generator
UART: 1 channel

Clock synchronous serial interface/SBl: 1 channel

s 84-pin plastic QFJ (square-type 1150 mil)

Package .
* 94-pin plastic QFP (20 x 20 mm)
oth * Watchdog timer function
ors + Standby function (HALT/STOP)
6 M L427525 008bbbb 3L5 HE
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1. PIN FUNCTIONS

1.1 PORT PINS (1/2)

Pin name 110 Function Dual-function pin
Port 0
8-bit /O port
POO - PO7 70 TPO - RTP7
Can be specified as input and output bit by bit. R al
These pins also function as a real-time output port.
P10 - P15 Port 1 PPOO - PPO5
8-bit I/O port
P16 7[o] Can be specified as input and output bit by bit. TO11
These pins also function as timer output pins of the real-time
P17 pulse unit. TO12
P20 NMi
P21 INTPO
P22 INTP1
P23 | Port 2 INTP2
P24 8-bit input dedicated port INTP3
P25 INTP4
P26 INTP5
P27 INTP&/T1
P30 TxD
P31 RxD
P32 Port 3 SO/SBO
8-bit /0 port
P33 . . Si/SB1
Vo) Can be specified as input and output bit by bit.
P34 These pins also function as serial interface pins or timer output SCK
P35 pins of the real-time pulse unit. TO20
P36 TO21
P37 TO30
Port 4
P40 - P47 170 8-bit /O port ADO - AD7
Can be specified as input and output in 8-bit units.
Port 5
P50 - P57 1o 8-bit /O port A8 - A15
Can be specified as input and output bit by bit.
Pont 7
P70 - P77 1 8-bit input dedicated port ANIO - ANI7
These pins also function as analog input pins.
Port 8
P80 - P87 ] 8-bit input dedicated port ANI8 - ANI15
These pins aiso function as analog input pins.

10
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1.1 PORT PINS (2/2)

Pin name 110 Function Dual-function pin
P90 RD
P91 WR
oz Port 9 —
1o} 6-bit 1/O port
P93 Can be specified as input and output bit by bit. _
P94 PWMO
P95 PWM1

B L427525 008bL7L 722 WM L



 uPD78330, 78334

1.2 NON-PORT PINS (1/2)

Pin name 1710 Function Dual-function pin
RTPO - RTP7 o Synchronized with a mgge.r sugnal-sent from the real-time pulse unit POO - PO7
(RPU) and output a pulse in real time.
PPOO - PPO5 o Programmable pulse output from the RPU P10 - P15
TO11 P16
O Timer output from the RPU
TO12 P17
NMI | Nonmaskable interrupt request input P20
INTPO - INTPS P21 - P26
| External interrupt input
INTPB P27/TI
T | External count input to timer 1 (TM1) P27/INTP6
TxD O Serial data output of the asynchronous serial interface (UART) P30
RxD | Serial data input of the UART P31
i in the 3-wi f the cl
S0 o Seltlal 'data output in the 3-wire mode of the clock synchronous P32/SBO
serial interface
S| | §erial data input in the 3-wire mode of the clock synchronous serial P33/SB1
interface
SBO Senial data I/0 in the serial bus mode of the clock synchronous P32/S0O
SB1 o serial interface P33/l
SCK 11O Serial ciock /O of the clock synchronous serial interface P34
TO20 P35
TO21 ) Timer output from the RPU P36
TO30 P37
ADO - AD7 /o Multiplexed address/data bus when an external memory is P40 - P47
expanded
A8 - A1S o} Address bus when an external memory is expanded PSO - P57
ANIO - ANI7 P70 - P77
| Analog input to the A/D converter
ANI8 - ANI15 P80 - P87
RD Read strobe signal output to the external device P90
— O
WR Write strobe signal output to the external device Pa1
PWMO P94
(o] PWM signal output
PWM1 P95
12
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1.2 NON-PORT PINS (2/2)

Pin name 1o Function Dual-function pin
CLKOUT o System clock output -
WoTG o Output of the signal indicating that a watchdog timer interrupt _
occurred
ASTB o] Address strobe signal output -
input of the control signal to select external memory access: The
EA pin is normally connected to the VoD pin for the uPD78334.
EA | Connecting the EA pin to the Vss pin enters the ROM-less mode, -
enabling access to external memory. The EA pin is connected to
the Vss pin for the uPD78330.
The levei of the EA pin cannot be changed during operations.
AVREF | A/D converter reference voltage input -
AVop - Analog power supply of the A/D converter -
AVss - Ground of the A/D converter -
RESET | System reset input -
X1 I Crystal input pin for system clock oscillation: A clock signal -
provided externally is input to the X1 pin. The external clock signal
X2 - is inverted and input to the X2 pin. (The X2 pin can be left opsn.) -
Vop - Positive power supply -
Vss - Ground -
NC _ Not internally connected. Connect the NC pin to the Vss pin; or, _
open.

B L427525 008LL?3 575 W
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13

INPUT/OUTPUT CIRCUITS OF EACH PIN

Table 1-1 and Fig. 1-1 show the input and output circuits of each pin in a simplified format.

Table 1-1 Input/Output Circuits of Each Pin

14

Pin /O circuit type Pin 17O circuit type
POO/RTPO - PO7/RTP7 P35/TO20, P36/TO21, P37/TO30
P10/PPOO - P15/PPOS 5 P40/ADO - P47/AD7 5
P16/TO11, P17/TO12 P50/A8 - P57/A15
P20/NMI P70/ANIO - P77/ANI7 o
P21ANTPO P8O/ANIS - PB7/ANI15
P22/INTP1 P90/RD
P23/INTP2 ) P91/ WR
P24/INTP3 Po2 5
P25/INTP4 P93
P26/INTP5 P94/PWMO, P9S/PWM1
P27/INTP&/T! WDTO 3
P30/TxD 5 ASTB 4
P31/RxD CLKOUT 3
P32/SO/SBO EA 1
P33/SI/SB1 8 RESET 2
P34/SCK

M LY27525 008LL?Y 431 WE
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Fig. 1-1 Input/Output Circuits of Each Pin

Type 1 Type 5
Voo Vop
Data
Pch  inouT
P-ch Output —0
ul
o disable N-ch
N-ch
Input
enable
Type 2 ' Type 8
Voo
Data
Pch  iniouT
—0
IN Output N
disable N-ch
Schmitt trigger input with hysteresis characteristics
Type 3 Type 9
Voo _L Comparator
P-ch[V]
bch INO N-ch w l +
out T I
O - Vet
_.l N-ch (Threshold voltage)
Input
enable
Type 4
Voo
Data ———-t-DD_l P-ch
ouT
Output
disable N-ch

Push-pull output which can output high impedance
(Both the positive and negative channels are off.)
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1.4 HANDLING UNUSED PINS

Table 1-2 Handling Unused Pins

Pin Recommended connection method
P00 - PO7 | Input status: Each pin is connected to the Vss or VoD pin via a pull-up resister.
P10 - P17 Output status:  Open
P20 - P27 Connected to the Vss pin.
P30 - P37
540 - P47 Input status: Each pin is connected to the Vss or Vob pin via a pull-up resister.
Output status:  Open
P50 - P57
P70 - P77
Connected to the Vss pin.
P80 - P87
P90 - P95 | |nput status: Each pin is connected to the Vss or VoD pin via a puli-up resistor.
Output status:  Open
CLKOUT
wDTO Open
ASTB
AVDD Connected to the VDD pin.
AVReF
Connected to the Vss pin.
AVss
NC Connected to the Vss pin; or, open.

16
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NEC

CPU ARCHITECTURE

2.

MEMORY SPACE
The uPD78334 can access memory of up to 64K bytes. Fig. 2-1 shows the memory map.

2.1
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*

2.2 DATA MEMORY ADDRESSING

18

Various addressing modes are provided for the uPD78334 to improve memory operability or to enable the use
of a high-level language. Special addressing is applicabtle, in particular, to the space of data memory from FBOOH
to FFFFH according to each function of the special function register (SFR) group and general register group.

Fig. 2-2 shows the addressing space of data memory.

Fig. 2-2 Addressing Space of Data Memory

FFFFH

FFIFH
FFOOH

Special function
register (SFR)

SFR addressing

Y

FEFFH

FE8OH

General register

[

Register addressing

FEOH - —— — = e e — — = ]

FEOOH

Main RAM

Short direct addressing

FDFFH

FBOOH

Peripheral RAM

)]
{1

External memory

1)

L4

7FFFH

W

)

0000H

Internal ROM tew

)
[

Direct addressing

Register indirect addressing
Based addressing

Based indexed addressing
Based indexed addressing
(with displacement)

Note This space is used as external memory when EA = L or for the uPD78330.

Caution When word access (including the stack operation) to the main RAM space (FEOOH to FEFFH) is
executed, the addresses specified in the operand must be even numbers.
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2.3 PROCESSOR REGISTER
The uPD78334 contains three processor register groups.

2.3.1 Control Register
(1) Program counter (PC)
The program counter is a 16-bit register which contains the address of the next instruction to be executed.

(2) Program status word (PSW)

The program status word is a 16-bit register which contains the status of the CPU according to the instruction
execution result.

(3) Stack pointer (SP)
The stack pointer is a register which contains the first address of the stack area (LIFO type) in memory.

(4) CPU control word (CCW)
The CPU control word is an 8-bit register which is related to CPU control.

Fig. 2-3 Control Register Configuration
15 0

PC

PSW

SP

CCw

Fig. 2-4 PSW Configuration

15 8
UF RBS2 RBS1 RBSO 0 0 0 0
PSW 7 0
] z RSS AC IE PV AT cYy
UF : User flag
RBSO - RBS2: Register bank selection flag
S : Sign flag (MSB after arithmetic/logical operation)
z : Zero flag
RSS : Register set selection flag
<
AC : Auxiliary carry flag
IE : Interrupt request enable flag
PV : Parity/overflow flag
LT : Interrupt priority level transition flag
| CY : Carry flag
5 Fig. 2-5 CCW Configuration 0
ccw 0 0 0 0 0 0 TPF 0

TPF: Table position flag
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2.3.2 General Register

The general register group consists of eight banks (one bank: 8 words x 16 bits). Fig. 2-6 shows general register
configuration. The general register group is mapped into addresses from FFEOH to FFEFH, and functions as a 16-
bit register as well as an 8-bit register (see Fig. 2-7). The use of these various registers enables easy control of

complicated multitask processing.

FEFFH

FEBOH

2.3.3 Special Function Register (SFR)
The special function register group consists of the registers for control of the peripheral hardware the uPD78334
contains. This register group is mapped into addresses from FFOOH to FFFFH. The operation of these registers

Fig. 2-6 General Register Configuration

Bank 1

Bank 0

Bank 7

X

RP7

RP8&

RP5

RP4

RP3

RP2

RP1

RPO

15

Fig. 2-7 Bit Processing for General Register

8-bit 16-bit

processing processing
RBNKO R15 R14 . RP7  &n
RBNK1 R13 R12 o RP&  ©n
RBNK2 R11 R10 ey APS  am
RBNK3 R9 R8 on  RP4  ph
RBNK4 R7 Re m  RP3 e
RBNKS RS R4 s RP2 an
RBNK6 R3 R2 e RP1T O ew
RBNK7 R1 RO am  RPO om

7 15 0

enables control of ports, an A/D converter, and timer.

20
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Table 2-1 Special Function Registers (1/5)

B L4y27525 008LLAL L7l M

Manipulation bit unit
Address Spscial function register (SFR) name Abbreviation R/W " 5 . At resetting
1
FFOOH Port 0 PO O O -
R/W
FFO1H Port 1 P1 @] O -
FFO2H Port 2 P2 R - O -
FFO3H Port 3 P3 O O -
FFO4H Port 4 P4 R/W ] O -
Undefined
FFO5H Port 5 P5 O O -
FFO7H Port 7 P7 R - O -
FFO8H Port 8 P8 - O -
FFO9H Port 9 P9 R/W @) O -
FFOAH Timer low access register TLA R/W O O -
FFOCH . )
FFODH Timer register 2 ™2 R - - O 0000H
FF10H )
FF11H Capture register 00 CT00 - - ]
FFi2H )
FF13H Capture register 01 CT01 - - O
= R Undefined
FF15H Capture register 02 CT02 - - O
FFi1CH .
FF1DH Capture register 10 CT10 - - @)
FF20H Port 0 mode register PMO - O -
FF21H Port 1 mode register PM1 - O - FFH
FF23H Port 3 mode register PM3 w - O -
FF25H Port 5 mode register PM5 - O -
FF29H Port 9 mode register PM9 - O - xx11 1111B
FF2AH . . L
FF2BH Timer register 0 T™MO - - O
FF2CH
" . - - H
FF2DH Timer register 1 T™1 R O 0000
FF2EH . ]
FF2FH Timer register 3 T™M3 - - O
FF40H Port 0 mode control register PMCO - O -
FF41H Port 1 mode control register PMC1 w - O - 00H
FF43H Port 3 mode control register PMC3 - O -
21
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Table 2-1 Special Function Registers (2/5)

Manipulation bit unit
Address Special function register (SFR) name Abbreviation R/W 5 At resetting
1 16
FF4CH
. R _ _
FEADH Baud rate generator compare register BRG O 0000H
FF60H Real-time output port register RTP O O - Undefined
FF61H Real-time output port reset register RTPR O O - O0H
FF62H Port read control register PRDC - @) - O00H
FF&3H Real-time output port set register RTPS O O - H
00
FF64H PWM control register PWMC O O -
FF66H PWM buffer register 0 PWMO - @) - Undefined
FF68H A/D converter mode register ADM O Q - O0H
FFSEH PWM buffer register 1 PWM1 - O - Undefined
FF70H
. 1 _ _
FE71H Compare register 11 CM11 O
FF72H
i R/W - -
FF73H Compare register 12 cm12 )
i:/,;: Compare register 20 CM20 - - O Undefined
FF76H .
FE77H Compare register 21 CM21 - - O
FF78H .
FE79H Compare register 30 CM30 - - O
T imtert
FE8OH Clo.ck synchronous serial interface mode cSIM o o 3
register 00H
FF82H Serial bus interface control register SBIC O O -
FF8sH Serial /O shift register SIO O O - Undefined
FF88H Asy.nchronous serial interface mode ASIM o o _ 80H
register
FESAH Asy-nchronous serial interface status ASIS R o O‘ B 0OH
register
FF8CH Serial reception register (UART) RXB R - O -
- — - - Undefined
FF8EH Serial transmission shift register (UART) TXS w - @) -
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Table 2-1 Special Function Registers (3/5)

Manipulation bit unit

Address Special function register (SFR) name Abbreviation R/W ” 5 T At resetting
::::2?: Compare register X0 CMX0 - - '®)
ii:g: Compare register 01 CMO1R _ _ 0O
££2‘;: Compars register 02 CMO2R _ _ 0O
:::.:_.Zg: Compare register 03 CMO3R R/W - _ o
EE:Z: Compare register 04 CMO4R - - 0]
;:Zg: Capture/compare register 00 CCOOR - - '9)
:::igg: Capture/compare register 01 CCO1R - - 0O

A/D conversion result register 0

FFAOH (for 16-bit access)

ADCRO - - O

A/D conversion result register 0

FFA1H ADCROH - O -
(for high-order B-bit access)

: A/D conversion result register 1
FFA2H g

ADCR1 - - O Undefined
(for 16-bit access) n
A/D conversion result register 1
ADCR1H - O -
FFASH (for high-order 8-bit access)
i I i 2
FFA4H A/D con\{ersmn result register ADCR2 _ _ o
(for 16-bit access)
A/D conversion result register 2
ADCR2H - -
FFASH (for high-order 8-bit access) ©
FFAGH A/D conYersnon result register 3 ADCR3 _ 3 o
(for 16-bit access) ~
A/D conversion result register 3
FFA ADCR3H - -
TH (for high-order 8-bit access) ©
FFABH A/D conYers10n result register 4 ADCR4 _ _ o
(for 16-bit access)
A/D conversion result register 4
FFASH ADCR4H - -
(for high-order 8-bit access) ©
FFAAH A/D con\{ersmn result register 5 ADCRS _ _ o
(for 16-bit access)
FEABH A/D conversion result register 5 ADCRSH _ o _

(for high-order 8-bit access)
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Table 2-1 Special Function Registers (4/5)
Address Special function register (SFR) name Abbreviation R/W 1Manipulatieon bt units At resetting
FFAGH (Af:l? 1t:;:.-nb\;teras':i(;erjsrse)suIt register 6 ADCRS _ _ o
e el IEE
R Undefined
FEAEH A/D con\{ersion resuit register 7 ADCR? _ _ o
(for 16-bit access)
FEAFH | o mahordor ot acoss) ADGRTH -l o -
FFBOH Timer control register 0 TMCO 0] @] - 00H
FFB1H Baud rate generator mode register BRGM @) O -
FFB2H Timer control register 1 T™C1 o o - 40H
FFB4H Timer unit mode register 0 TUMO @) o -
FFBSH Timer unit mode register 1 TUM1 O O -
FFB8H Timer output control register 0 TOCO o) O - OOH
FFBOH Timer output control register 1 TOC1 O O -
FFBCH Programmable pulse output set register PPOS 0] O -
FFCOH Standby control register STBC O @) - 0000 x000B
FFC1H | CPU control word ccw RIW o o -
FFC2H Watchdog timer mode register WDM O O - O0H
FFC4H Memory expansion mode register MM O O -
FFC6H Programmable wait control register PWC O @) - 22H
FFC8H Fetch cycle control register FCC O o - OOH
FFDOH
| External SFR area ES— O O o Undefined
FFDFH
24 B L427525 008LLAY 380 WM
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Table 2-1 Special Function Registers (5/5)

Manipulation bit unit
Address Special function register (SFR) name Abbreviation R/W ; 5 T At resetting
FFEOH Interrupt request flag register OL IFOL O O o
IFO
FFE1H Interrupt request fiag register OH IFOH 0] @) 00H
FFE2H Interrupt request flag register 1L IF1L IF1 0 O -
FFE4H interrupt mask flag register OL MKoOL 0] O
- MKO O FFH
FFESH Interrupt mask flag register OH MKOH @) @]
FFE6H interrupt mask flag register 1L MKiL | MK1 ] O - xxx Xx111B
FFE8H Priority specification buffer register OL PBOL PBO @) @)
FFE9H Priority specification buffer register OH PBOH O @) ©
FFEAH Priority specification buffer register 1L PBIL | PB1 0 0 -
Interrupt processing mode specification
FFECH PP 9 P ISMoL RW | © 0
register OL
l - ISMO O
nterrupt processing mode specification
FFEDH 11Ut P g P ISMOH o o
register OH
FFEEH |nt§rmpt processing mode specification ismiL | 1smi o o _ 0OH
register 1L
FFFOH Context switching enable register OL CSEOL O O o
CSEO
FFF1H Context switching enable register OH CSEOH O O
FFF2H Context switching enable register 1L CSE1L| CSE1 o & -
FFF4H External interrupt mode register 0 INTMO O O -
FFF5H External interrupt mode register 1 INTM1 O 0 -
FFF8H In-service priority register ISPR R - 0] -
FFF9H Priority specification register PRSL R/W o O -
B Lu27525 008LLAS 217 M 25
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3. BLOCK FUNCTION

3.1 BUS CONTROL UNIT (BCU)

The bus control unit (BCU) activates a required bus cycle according to the physical address obtained from the
execution unit (EXU). When the EXU does not issue a bus cycle activation request, the BCU generates an address
required for prefetching an instruction. The prefetched instruction code is fetched into the instruction queue.

3.2 EXECUTION UNIT (EXU)

The execution unit (EXU) controls address calculation, arithmetic/logical operations, and data transfer by a
microprogram. The EXU contains 256-byte main RAM.

The 256-byte main RAM in the EXU can be accessed at higher speed with an instruction than the 768-byte
peripheral RAM.

3.3 ROM/RAM

This area consists of a 32K-byte ROM area and 768-byte peripheral RAM area. The uPD78330 does not contain
ROM, however.

Access to this ROM area can be inhibited by using the EA pin.

3.4 INTERRUPT CONTROLLER

The interrupt controller processes various interrupt requests (NMI, INTPO to INTP8) issued from peripheral
hardware and external device with the context switching, vectored interrupt, or macro service function.

The interrupt controlier also specifies the 3-level interrupt priority.

3.5 REAL-TIME PULSE UNIT (RPU)
The real-time pulse unit (RPU) consists of the following hardware.

« 18/16-bit timer/counter: 1 channel
18/16-bit compare registers
18/16-bit capture registers
18/16-bit capture/compare registers
Puise outputs

- 16-bit timers/counters: 3 channels
16-bit compare registers
16-bit capture register
Timer outputs : 5

DN W

-
)

The RPU can measure a pulse width and frequency and output a programmable pulse. It also can control the
set/reset timing of the port output of the real-time output port (P0).
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3.6 SERIAL INTERFACE

There are two independent serial interfaces: the asynchronous serial interface (UART) and clock synchrenous
serial interface.

The asynchronous serial interface transfers data using the two pins, TxD and RxD.
The clock synchronous serial interface operates in the following two modes.

¢ Serial bus interface (SBI) mode

Transfers data with two pins, the serial clock pin and serial data bus pin.
¢ Three-wire serial I/O mode

Transfers data with three pins, the serial clock pin, serial input pin, and serial output pin.

3.7 A/D CONVERTER

The A/D converter uses the successive approximation system. This converteris a 10-bit high-speed high-accuracy
converter having 16 analog input pins.

3.8 REAL-TIME OUTPUT PORT (RTP)

The real-time output port (RTP) can control the output timing of the port by the signal from the RPU as a trigger
pulse. The port can be set or reset bit by bit. This port is also used as port 0 and can output 8 real-time pulses.

3.9 WATCHDOG TIMER (WDT)
The 8-bit watchdog timer is built into the CPU to detect a program crash and system error.
This microcomputer has the WDTO pin to notify the external device that a watchdog timer interrupt occurs.

3.10 PORT
The following ports having the general port function and contro! pin function are provided.

Table 3-1 Pin Function

Port o Function

PO 8-bit 140 Real-time output port

P1 8-bit I/O RPU programmable pulse output .

P2 8-bit input External interrupt, RPU capture trigger

P3 8-bit I/O Serial interface, RPU timer output

P4 8-bit IO General port Address/data bus

PS5 8-bit VO Address bus

P7 8-bit input

- PyT— A/D converter input

P9 6-bit IO External access control signal output, PWM signal output

Remark RPU: Real-time pulse unit

BN L427525 00BbLA? DG9T WM 27
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4. PERIPHERAL HARDWARE FUNCTIONS
4.1 PORT FUNCTIONS

4.1.1 Hardware Configuration
As shown in Fig. 4-1, three-state bidirectional ports are basically used for the ports of the uPD78334.

A RESET input signal sets each bit of a port mode register to 1, specifying the port as an input port. All port pins
go into the high-impedance state. A RESET input signal makes the contents of the output latch undefined.

Fig. 4-2 shows the port configuration.

Fig. 4-1 Basic /O Port Configuration

o PMXnhote1
~ latch

= Output O PXn pin

S
latch L~ X=0,1,3,4,5,9

Qutput buffer n: Number of bits
ue of the porthee?

internal bus
s}
[}
Q
S

N\

Notes 1. PMXn latch: Bit n of port mode register PMX (X =0, 1, 3,4, 5, 9)
2. WhenX=0,1,3,4,5n=01t07.
When X=9,n=0to 5.

Remarks1. Ports 2, 7, and 8 are used only for input.

2. Port4 can be specified as an input port or output port by using the memory expansion mode register
(MM).

28
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Port 0

Port 1

Port 2

Port 3

Fig. 4-2 Port Configuration

> po7

| P10

-1 P17

P20 - P27

> P37

P40

P47 |

P50
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P70 - P77

P80 - P87

P90

P95
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e E—
je————3
B Emm—
Pt
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eI
e E—
B
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>
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S EE— ]
e e
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C
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S E—
e
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Port 4

Port 5

Port 7

Port 8

Port 9
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4.1.2 Functions of the Digital VO Ports
Table 4-1 lists the poris of the uPD78334.
Each port allows bit manipulations as well as 8-bit data manipulations, thus enabling a wide variety of control. Each

port functions as a digital port and also functions as I/O pins for internal hardware.

Table 4-1 Port Functions and Additional Functions of the Ports

Port name Port function Additional function
8-bit I/0 port. . .
Port 0 Real-ti t port (RTP trol mod
° Specifiable as input or output bit by bit. eal-time output port ( ) in control mode
8-bit 1/0 port. .
Port 1 t for real-ti Ise unit (RP! t in control mode
. Specifiable as input or output bit by bit. Output for real-time pulse unit (RPU) output in co
. Capture trigger input and count pulse input for real-time pulse
Port 2 Port d only for 8-bit t
ort used only for 8-bit inpu unit (RPU), and extemnal interrupt input in control mode
Port 3 8-bit 1/0 port. Output for real-time pulse unit (RPU), and i/O for serial
Specifiable as input or output bit by bit. interface (UART, CSI) in control mode
8-bit 1/O port. .
Port 4 - AD7
(+] Specifiable as input of output bit by bit. Address/data bus for memory expansion (ADO - AD7)
8-bit I/O port.
Port 5 i -
Specifiable for input or output bit by bit. Address bus for memory expansion (A8 - A15)
Port 7 Port used only for 8-bit input Analog input for A/D converter in control mode
Port 8 Port used only for 8-bit input Analog input for A/D converter in control mode
Port 9 6-bit /0 port. Control signal output for memory expansion, PWM signal
Specifiable as input or output bit by bit. output in control mode

4.1.3 Port Output Check Function

The uPD78334 has a function of reading pin state (pin access mode) to improve system application reliability in
port output mode. With this function, output data (output latch data) and actual pin state can be checked as required.
For frequent port state checking, special instructions (CHKL, CHKLA) are available.

30
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4.2 CLOCK GENERATOR
The clock generator generates and controls an internal system clock (CLK) supplied to the CPU.
The clock generator is configured as shown in Fig. 4-3.

Fig. 4-3 Block Diagram of the Clock Generator

X1 Frequency

—] F_:L_o_. divider
System fxx or fx fek  Internal system
r- — clock 1/2 clock (CLK)
generator
—

X2

STOP mode

Remarks 1. fxx: Crystal oscillator frequency
2. fx.  External clock frequency
3. feik:  Internal system clock frequency

The system clock generator generates a clock signal with a crystal resonator connected to the X1 and X2 pins.
The system clock generator stops oscillation when the standby mode (STOP) is set.

An external clock can be applied. In this case, a clock signal is to be applied to the X1 pin, with the inverted signal
to be applied to the X2 pin. The X2 pin can be left open.

Caution When using an external clock, do not set the STOP mode.

The frequency divider divides system clock generator output (fxx for the crystal oscillator or fx for an external clock)
by two to produce an internal system clock (fci).
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Fig. 4-4 External Circuitry of the System Clock Generator

(a) Crystal oscillator

4#PD78334

——x

J7__'_

Vss

(b) External clock

32

(i) When an external clock signal input to the
X1 pin is inverted and input to the X2 pin

(i) When the X2 pin is open

nPD78334 uPD78334
External External
clock Dc ! X1 clock Do X1
X2 Open | X2
Cautions 1. When using the system clock generator, run wires enclosed in broken lines (i ______}in

Fig. 4-4 according to the following rules to avoid effects such as stray capacitance:

+ Minimize the wiring.

- Never cause the wires to cross other signal lines or run near a line carrying a large varying

current.

- Causethegrounding point ofthe capacitor ofthe oscillator circuit to have the same potential
as Vss. Never connect the capacitor to a ground pattern carrying a large current.
- Never extract a signai from the oscillator.

. Keep loads such as stray capacitance around wiring away form the X2 pin, when an external

clock signal is input to the X1 pin and the X2 pin is left open.
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4.3 REAL-TIME PULSE UNIT (RPU)

The RPU can output programmable pulses and can also measure pulse intervals and frequencies.

The RPU mainly consists of four timers and 16 registers. The user can select a function and configuration of each
register by programming so that the user can match a wide variety of applications in a flexible manner.

The major feature of the RPU is its multifunction timer pulse output capability. Each timer allows six types of pulse
output such as toggle output and set/reset output to be controlled independently. In addition, the output timing of
a real-time output port can be controlied.

4.3.1 RPU Configuration
The RPU consists of the hardware components listed in Table 4-2. Fig. 4-5 shows the configuration of the RPU.

Table 4-2 Components of the Real-time Pulse Unit (RPU)

Compare
) Count ) register . Timer
Timer clock Register match Capture trigger output
interrupt
18/16-bit compare register (CMX0)Note 1 INTCMXO0 -
18/16-bit compare register (CM01R) - -
18/16-bit compare register (CM02R) - -
18/16-bit compare register (CMO3R) - - 6
18-bit timer fex /4, 18/16-bit compare register (CM04R) - -

(TMO) foc /8 18/16-bit capture/compare register (CCOOR) INTCCOOR INTP3 Used also
18/16-bit capture/compare register (CCO1R) INTCCO1R INTP4 for port 1
18/16-bit capture register (CT00) - INTCMXOANTP1
18/16-bit capture register (CT01) - INTPO
18/16-bit capture register (CT02) - INTP2

N i . Note 2 -
16-bit timer TI pin 16 bft compare reg!ster (CM11) INTCM11

(TM1) input or | 16-bit compare register (CM12) INTCM12Note 2 - 2

fowk/8 16-bit capture register (CT10) - INTPO/INTPS
16-bit timer fe/16 16-bit compare register (CM20) INTCM20 - s
(TM2) 16-bit compare register (CM21) INTCM21 -
16-bit ti
"UMET | k16 | 16-bit compare register (CM30) INTCM30 - 1
(TM3) .
Notes 1. Can be used as a timer 1 (TM1) compare register by software setting.
2. Used also as an output trigger signal for the real-time output port (RTP).
Remarks 1. fck: Internal system clock
2. INTPn (n = 0 to 6): External interrupt
3. Timer 0 has an overflow interrupt function.
4. Pulse output is set to 1 by a timer 0 overflow or INTCMXO signal.
5. Timer 1 can be cleared by INTPO/INTCM11.
6. Timer 2 can be cleared by INTCM20.
7. Timer 3 can be cleared by INTCM30.
B L427525 008bLL93 393 WM 33
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4.3.2 Function

(1) Timer 0 (TM0)

Timer 0 is an 18-bit or 16-bit free-running timer.

Timer 0 counts an internal clock, and generates an overflow interrupt (INTOV) when a timer overflow occurs.
Timer overflow bits can be selected using a control register.

TMO and the timer low access register (TLA)NOte (special function registers (SFRs)) are used to read the contents
of timer 0 used as a 18-bit timer. The instruction for reading TMO is first executed, then the instruction for reading
the TLA register is executed. The contents of the high-order 16 bits in the 18-bit timer can be read with TMO,
and the contents of the low-order two bits can be read with the TLA register.

When timer O is used as a 16-bit timer, the high-order 16 bits of timer O used as an 18-bit timer are used. The
contents of timer 0 are read with the TMO SFR only.

The input of the RESET signal clears all the bits of TMO to 0.

Note TLA register: SFR used to access the low-order two bits in an 18-bit timer, compare register, capture
register, or compare/capture register

Caution To read the contents of timer 0 used as an 18-bit timer, be sure to execute the instructions
for reading TMO and the TLA register continuously. If the instruction for reading the TLA

register is not executed, the contents of TMO cannot be read correctly.

Fig. 4-6 Configuration of Timer 0

(» When timer 0 is used as an 18-bit timer (2 When timer 0 is used as a 16-bit timer
Timer 0 Timer 0
17 210 17 2
RPU RPU |
TMO T™MO
15 0 15 ] 0
SFR SFR
eal
TLA
10
SFR
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Timer 1 (TM1)

Timer 1 is a 16-bit timer/event counter. Timer 1 can count an internal clock or external event applied to the Ti
pin. When a timer overflow occurs as the result of counting, the overflow bit (OVF1) is set to 1.

Timer 1 can be cleared by external interrupt input (inverted INTPO edge input) or by a match interrupt (INTCM11)
from the compare register CM11.

Timer 2 (TM2)

Timer 2 is a 16-bit free-running timer. Timer 2 can count an internal clock. When a timer overflow occurs, the
overflow bit (OVF2) is set to 1.

Timer 2 can be cleared by a match interrupt (INTCM20) from the compare register CM20. With this feature, it
can also be used as an interval timer.

Timer 3 (TM3)
Timer 3 is a 16-bit interval timer. Timer 3 counts an internal clock. Timer 3 is cleared when a match interrupt
(INTCMB30) from the compare register CM30 occurs.

Compare registers

A compare register compares the contents of each timer with the data held in the compare register at all times,
and generates a match signal when a match is found. See Table 4-2 for detailed information about the
configuration of the timers and compare registers, and the correspondence between the compare registers and
interrupt sources.

(a) 18/16-bit compare registers (CMX0Note 1 CMOnR: n=1to 4)
An 18/16-bit compare register is connected to timer 0 (TMO), and has a timer output function. It sets a timer
output to 1 when a match is detected by the CMXO registerNote 2, or resets a timer output to 0 when a match
is detected by the CMOnR register.

Notes 1. The CMXO register can also be connected to timer 1 (TM1) by software setting.
2. Three of the six timer outputs can also be set to 1 by software setting. This is done according
to the timer 0 (TMO) overflow signal.

(b) 16-bit compare registers (CM11, CM12, CM20, CM21, CM30)
The 16-bit compare registers are connected to timer 1 to timer 3 as indicated in Table 4-2, and have timer
output functions. Each compare register inverts the corresponding timer output when a match interrupt
request is found (toggle output operation). It can be also used to set or reset an output using CM11 and
CM12, or CM20 and CM21 (set/reset output operation).
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{6) Capture/compare registers (CCOOR, CCO1R)

(a)

(b)

Function

The capture/compare registers are 18/16-bit registers connected to timer 0 (TMQ). A capture/compare
register can function either as a capture register or compare register. This selection can be made using the
respective control register.

A bit length (18 bits or 16 bits) is automatically set to match the setting of timer 0.

When a capture/compare register functions as a capture register, an external interrupt (INTP3, INTP4) can
be used as a capture trigger. When a capture/compare register functions as a compare register, it resets
timer output to 0 in phase with the generation of an interrupt based on a match between the timer and register
values.

The interrupt source depends on whether the capture register function or compare register function is
selected. When the capture register function is selected, the corresponding external interrupt capture trigger

is selected. When the compare register function is selected, the corresponding match interrupt is selected
(Table 4-2).

Caution When the compare register function is selected, interrupt generation based on the corre-
sponding external interrupt (capture trigger signal) is impossible.

Operation

(i) Data read/write operation
When the contents of an 18-bit capture/compare register are read or data is written in the
18-bit capture compare register, the 16-bit capture/compare register (CCOOR or CC0O1R) and TLA
register (special function registers (SFRs)) are used.

(® To read the contents of the 18-bit capture/compare register
The instruction for reading the CCOOR (or CCO1R) register is first executed, then the instruction
for reading the TLA register is executed. The contents of the high-order 16 bits in the 18-bit capture/
compare register can be read with the CCOOR (or CC01R) register, and the contents of the low-
order two bits can be read with the TLA register.

(@ To write data in the 18-bit capture/compare register
The data corresponding to the contents of the low-order two bits in the 18-bit capture/compare
register is first written in the TLA register. The data corresponding to the contents of the high-order
16 bits in the 18-bit capture/compare register is then written in the CCOOR (or CC01R) register.

When a capture/compare register is used as a 16-bit capture/compare register, the high-order 16 bits
(CCOOR or CCO1R) are used.
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Cautions 1. To read the contents of the 18-bit capture/compare register, be sure to execute the instruc-
tions for reading the CCOOR (or CCO1R) register and TLA register continuously. If the
instruction for reading the TLA register is not executed, the contents of the 18-bit capture/
compare register cannot be read correctly.

2. To write data in the 18-bit capture/compare register, be sure to execute the instructions for
writing to the TLA register and the CCOOR (or CCO1R) register continuously. If the instruction
for writing to the CCOOR (or CCO1R) register is not executed, data cannot be written in the
18-bit capture/compare register correctly.
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Fig. 4-7 Configuration of a Capture/Compare Register (for Reading Data)

(®) Whenthe capture/compare register is used (2) When the capture/compare register is
as an 18-bit register used as a 16-bit register
18-bit capture/compare register 16-bit capture/compare register
17 210 17 2
RPU RPU
CCOOR (CCO1R) CCOOR (CCO1R)
15 0 15 0
SFR SFR
Rea
TLA
0
SFR

Fig. 4-8 Configuration of a Capture/Compare Register (for Writing Data)

(®) Whenthe capture/compare register is used (® When the capture/compare register is
as an 18-bit register used as a 16-bit register
18-bit capture/compare register 16-bit capture/compare register
17 210 17 ' 2
RPU RPU
{th
TLA CCOOR (CCO1R)
10 15 0
SFR SFR
CCOOR (CCO1R)
15 0
SFR
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RPU

RPU

SFR

SFR
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(i) Capture operation

When an external capture trigger signal is applied, the contents of timer 0 are captured. When timer
0 is used as an 18-bit timer, the contents of the TLA register are used as the low-order two bits. When
timer 0 is used as a 16-bit timer, the high-order 16-bit data (CCOnR: n = 0, 1) is used, with the low-

order 2-bit data being undefined.

Fig. 4-9 Capture Operation

(@) During manipulation of 18 bits

(2 During manipulation of 16 bits

17 0 17 2
Timer 0 RPU Timer 0
17 210 17 | 2
18-bit capture/compare register RPU 16-bit capture/compare register

| | s
15 0 : 115 0
: CCOnR ; SFR ! CCOnR
i Rea :
s 1o |
i Al

Remarks 1. The operation of the SFRs are enclosed by the square ({°""""77).

2. n=0,1
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(ili) Compare operation
A comparison is made with the contents of timer 0 at all times. When a match is found, an interrupt
signal is generated.

Fig. 4-10 Compare Operation

(@ During manipulation of 18 bits

17 2
RPU Timer 0

: : .. Interrupt caused by the match
ﬁ {INTCCOm)

17 210
RPU 18-bit capture/compare register

| 10
SFR | Al

115 0
SFR ! CCOnR i

(@ During manipulation of 16 bits

17 2
RPU Timer 0

(INTCCOm)

::: Interrupt caused by the match

RPU 16-bit capture/compare register

SFR
Remarks 1. The operations of the SFRs are enclosed by the square (:"7"7"71)
2.n=0,1
3. m=0to3
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(7) Capture registers
Acapture register takes in (captures) the contents of each timer when a capture trigger signal occurs. As a capture
trigger, an external interrupt (INTPO to INTPS) or match detection interrupt (INTCMX0) from the compare register
CMXO0 can be used. See Table 4-2 for the correspondence between the registers and capture triggers. The
occurrence of a capture trigger also means the occurrence of an interrupt. By using a capture register, the puise
width and period of an externally applied pulses can be easily measured.

(a) 18/16-bit capture registers (CT00 to CT02)
When a capture trigger occurs, an 18/16-bit capture register captures the contents of timer 0 (TMO).

(b) 16-bit capture register (CT10)
When a capture trigger occurs, the 16-bit capture register captures the contents of timer 1.
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4.4 REAL-TIME OUTPUT PORT (RTP)
The real-time output port is an 8-bit port whose output can be set or reset on a bit-by-bit basis in phase with a

trigger signal from the real-time pulse unit (RPU). This port allows multi-channel synchronous pulse output to be
controlled easily. Fig. 4-11 outlines the real-time output port.

Fig. 4-11 Outline of the Real-time Output Port

RTPS
0
8
RTP
0
—— O RTPO
7
Set tri ———0 RTP1
INTCM11 —=2LINgger 8 . .
(from RPU) . .
RTPR | . .
0 L ORTP7
7
8
7
INTCM12 Reset trigger
(from RPU)

4.4.1 RTP Configuration
The reai-time output port consists of the following hardware components:

¢ Real-time output port register (RTP)
¢ Real-time output port set register (RTPS)
* Real-time output port reset register (RTPR)

The pins of the real-time output port also function as the port 0 pins.

4.4.2 RTP Operation

The real-time output port (RTP) is set/reset by a trigger signal from the real-time pulse unit (RPU). The real-time
output port set/reset register (RTPS/RTPR) register is used to specify the bit(s) to be set/reset. When 1 is setin RTPS,
the real-time output latch (RTP) is automatically set by hardware on a set trigger INTCM12) output from the RPU.

Similarly, when 1 is set in RTPR, the real-time output latch (RTP) is automatically reset by hardware on a reset
trigger (INTCM11) output from the RPU.

In addition, the contents of the RTP can be directly rewritten by software. In this case, if a set/reset trigger signal
occurs, the rewriting of the RTP by software has higher priority.

Caution If a set trigger and reset trigger occur simultaneously, reset operation has higher priority.

43
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4.5 A/D CONVERTER

The uPD78334 contains a fast, high-precision 10-bit analog/digital (A/D) converter. The A/D converter has 16
analog inputs (ANIO to ANI15) and can operate in various operation modes such as the select mode, scan mode,
and mix mode to match many different types of applications.

An internal interrupt (INTAD) is generated upon completion of A/D conversion. This interrupt can start a macro
service that performs operations such as automatic data transfer by hardware.

4.5.1 Configuration

Fig. 4-12 shows the configuration of the A/D converter of the uPD78334.

Software selection is used to switch between the higher eight channels (ANI8 to ANI15) and lower eight channels
(ANIO to ANI7) of the analog inputs for the A/D converter.

Fig. 4-12 Configuration of the A/D Converter

ANI0O O—
ANl1 O—>
ANI2 O—»
ANI3 O—{ |nput-
ANI4 O—] circuit
ANIS O—>
ANI6 O—>
ANI7 O—>1

ﬁ

o
ANI8 O—=1
o —0—— Sample-and-hold circuit
ANI9 O— |m————————— - . ——O AVop
ANITO { } Succes;:ve;
O] L ~o i approximation AVRer
ANIt1 O—=] |nput { L ;g'r::?:tor
ANIT2 O— Cireuit | ; ! —0 AVss
ANI13 O—> A |
AN[14 O——» Comparator
ANI15 O—> 9 0
> SAR(10) 10
10
9 0
> ADCRO
| ADCR1
AD
INTPS —{ Controller CRe
(start trigger) ADCR3 [ A/D conversion
ADCR4 result registers
i ADCR5
ADM) ADCR6
ADCR7

S {%S‘
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4.5.2 Operation

The higher eight channels (ANI8 to ANI15) and lower eight channels (ANIO to AN17) of the analog inputs for the
A/D converter have exactly the same function. So unless otherwise specified, the explanation of the lower eight
channels (ANIO to ANi7) below also applies to the higher eight channels.

Three modes are available for selection to operate the A/D converter. An operation mode can be selected with
the A/D converter mode register (ADM). A/D conversion is started by writing data to the ADM. This means that
synchronization of A/D conversion by software is possible.

(1) Select mode

The select mode performs an A/D conversion of one anaiog input (ANIn: n=0to 7) selected with the ADM register.
The result of conversion is loaded into the A/D conversion result register (ADCRn: n = 0 to 7) corresponding

to the analog input.

The select mode has two modes in which the result of A/D conversion is loaded into registers.

(a) One-buffer mode

An A/D conversion is performed once for one analog input, then the result is loaded into one A/D conversion
result register. In this case, an analog input carresponds to an A/D conversion result register on a one-to-

one basis.

The completion of A/D conversion can be detected using the interrupt INTAD, which is generated each time
an A/D conversion operation is performed. This mode repeats A/D conversion operation.

Fig. 4-13 A/D Conversion Operation in the Select Mode (One-Buffer Mode)

Analog input pins

ANIO
ANIY
:> ANI2
ANI3
ANI4
ANI5
ANI6
ANI7

O O

O O O O0O0

A/D conversion result registers

ADCRO

ADCRH1

ADCR2

ADCR3

AD —/

ADCR4

ADCRS

ADCR6

ADCR7
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(b) Four-buffer mode
For one analog input, four A/D conversion operations are performed, then the results are loaded into four
A/D conversion result registers. When one of the analog inputs ANIO to ANI3 is selected, the results of A/
D conversions are loaded into the A/D conversion result registers ADCRO to ADCR3. Similarly, when one
of the analog inputs ANI4 to ANI7 is selected, the results of A/D conversions are loaded into the A/D
conversion result registers ADCR4 to ADCR7.
INTAD is generated upon completion of four A/D conversion operations. This mode repeats A/D
conversion operation four times.
When the average of A/D conversions is to be found, this mode is most suitable.

Fig. 4-14 A/D Conversion Operation in the Select Mode (Four-Buffer Mode)

Analog input pins A/D conversion result registers
ANIO O ADCRO
AN O ADCR1
ANZ2 O ADCR2
ANI3 C ADCR3
ANI4 O AR ADCR4
ANIs O ADCRS
:> ANI6 ADCRS
ANI7 O ADCR7
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(2) Scan mode
To perform A/D conversion, the scan mode sequentially selects those analog inputs that are specified with the
ADM register. The results of A/D conversions are loaded into the A/D conversion result registers that correspond
to the analog inputs on a one-to-one basis. INTAD is generated when an A/D conversion operation for the
specified analog inputs has been completed. This mode repeats A/D conversion operation based on scan
operation.
For example, if ANIO to ANI5 are specified for the scan mode, ANIO to ANI5 are converted to digital form in the

stated order. When A/D conversion for ANIS is completed, INTAD is generated o repeat A/D conversion, starting
at ANI0.

This mode is most suitable for monitoring multiple analog inputs at all times.

Fig. 4-15 A/D Conversion Operation in the Scan Mode

Analog input pins A/D conversion result registers
ANIO ADCRO
AN O ADCR1
ANI2 O ADCR2
ANI3 O ADCR3
ANI4 O AD ADCR4
ANIS ADCR5
ANIs O ADCR6
ANI7 O ADCR7
(3) Mix mode

The mix mode is a mixture of the select mode and scan mode. This mode performs A/D conversion operation
(scan processing) in the scan mode after performing A/D conversion operation (select processing) in the select
mode on an external trigger or software trigger. In this mode, analog inputs subject to scan processing are
uniquely determined by analog inputs and buffer mode selected for select processing.

INTAD is generated upon completion of select processing. A/D conversion operation repeats scan processing
until a new trigger is applied.

Table 4-3 Analog Input in the Mix Mode

Select processing
Scan processing
Buffer mode Analog input selection
One-buffer mode Selects any of ANIO to ANI7. Scans ANIO to ANI7.
Selects any of ANIO to ANI3. Scans ANI4 to ANI7,
Four-butfer mode
Selects any of ANI4 to ANI7. Scans ANIO to ANI3.

47
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Fig. 4-16 A/D Conversion Operation in the Mix Mode

(a) Examplie of select processing in one-buffer mode

Analog input pins A/D conversion result registers
ANIO > ADCRO
ANI1 O ADCR1
ANI2 ADCR2
| ADCR3
ANIS O A/D
ANl4 O ADCR4
ANIS O ADCRS
ANI6 O ADCR6
ANI7 ADCR7

(b) Example of select processing in four-buffer mode

Analog input pins A/D conversion result registers
ANID O » ADCRO
ANt O ADCR1
|:> ANI2 O”""’ ADCR2
ANIB O AD ADCR3
ANI4 ADCR4
ANIS O O O"m ADCR5
AN O ADCR6
ANI7 ADCR7

Notes 1. Select processing (four-buffer mode) -
2. Scan processing
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4.6 SERIAL INTERFACE
The uPD78334 is provided with the following two separate channels for the serial interface function:

* Asynchronous serial interface
* Synchronous serial interface

In addition, the uPD78334 contains a baud rate generator, enabling serial transfer to be performed at a desired

rate independently of the operation frequency. The baud rate generator works with both of the two serial interface
channels.

4.6.1 Asynchronous Serial Interface (UART)

The asynchronous serial interface is configured as shown in Fig. 4-17.

The asynchronous serial interface uses start and stop bits to indicate the beginning and end of bits or characters
in transmission operation.

The asynchronous serial interface of the uPD78334 has a “zero parity” function, which is a parity selection option
for a special data transmission format.

When the zero parity is selected, a 0 is unconditionally added as a parity bit to serial data being sent. When serial
data is received, no parity error occurs regardless of any parity bit added to the data.

The zero parity function is useful for performing serial communication when a serial data transmission format is
yet to be determined immediately after the system is powered.
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As shown in Fig. 4-18, the format of transmission is such that one data frame consists of a start bit, character bits,

a parity bit, and stop bit(s).

The number of character bits in a data frame, the type of parity, and the number of stop bits are specified using

the asynchronous serial data mode register.

Fig. 4-18 Data Transmission Format for the Asynchronous Serial Interface

1 data frame
et po | D1 | D2 | D3 | D4 | D5 | D6 | D7 Party | stop bit(s)
Start bit . 1 bit
Character bit : 7 or 8 bits
Parity bit : Even parity, odd parity, zero parity, or without parity
Stop bit : 1 or 2 bits

A serial transmission rate is selected in the 75 bps to 287 kbps range according to the contents of the asynchronous

serial interface mode register and the setting of the baud rate generator.

If a serial data receive etror occurs, the error can be identified by reading the contents of the asynchronous serial

interface status register.

4.6.2 Synchronous Serial Interface

The synchronous serial interface of the uPD78334 is configured as shown in Fig. 4-19.
The synchronous serial interface of the uPD78334 operates in one of the two modes described below.

Three-wire serial /O mode
Eight-bit data is transferred via three lines: the serial clock (SCK), serial input (Sl), and serial output (SO). This

mode is useful when a peripheral I/0 device or display controlier containing a conventional synchronous serial
interface is to be connected.

Serial bus interface (SBI) mode .

This mode enables communication with more than one device by using two lines: the serial clock (§C—K) and serial
data bus (SBO or SB1).

The SBI mode conforms to the NEC serial bus format.

In the SBI mode, an address for selecting a target device for serial communication, commands directed to the
device, and data to be transmitted can be output onto the serial data bus. This means that a line for handshaking,
required when multiple devices are connected via a conventional synchronous serial interface, can be eliminated,
thus enabling I/O ports to be used more effectively.

51
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(1) Three-wire serial /O mode

The three-wire serial I/O mode allows communication with a device having a conventional synchronous serial
interface.

Basically, communication is performed using three lines: the serial clock (SCK), serial data output (SO), and
serial data input (Sl). To connect more than one device, another line is required for handshaking.

Fig. 4-20 Example of System Configuration in the Three-Wire Serial /0 Mode

Three-wire serial |/O

Three-wire serial /0O

Master CPU Slave CPU
SCK SCK
SO Sl
Sl SO
Port (interrupt) A Port
Port Interrupt (Port
= pt (Port)
Handshake line

Fig. 4-21 shows the timing of the three-wire serial I/O mode.

Transmission is initiated by setting the transmission permission bit (CTXE) of the clock synchronous serial
interface mode register (CSIM) to 1.

When data to be transmitted is written to the shift register (SIO) in this condition, the value of the SIO register
is shifted on a rising edge of the serial clock (SCK). The shifted data is held in the SO latch, then the data is
output on the SO pin on a falling edge of SCK, starting with the MSB. In the three-wire serial /O mode, the
SO pin is configured by hardware as a CMOS output.

Reception is initiated by changing the CRXE bit from 0 to 1 when the CTXE bit of the CSIM register is 0 or by
reading the received data from the shift register (SIO) with the CRXE bit set to 1.

When 1 is rewritten to the CRXE bit of the CSIM register with the bit already set to 1, reception is not initiated.
When the CTXE bit is 1 and the CRXE bit is changed from 0 to 1, reception is not also initiated.

A rising edge of the serial clock (SCK) latches data received via the S| pin in the SIO register.

SCK is stopped on the eighth rising edge of SCK, and an interrupt request signal (INTCSI) is generated.
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SCK

S

SO

INTCSI

Fig. 4-21 Timing of the Three-Wire Serial /O Mode

/L

|
X DO7X DOGX DOs5 X DO4XD03X DO2X DO1 X DOOo

Transmission end
interrupt occurs.

I
!
|
| | |
|
|
¥
{
|
i

L Transfer is started on a falling edge of SCK.

Execution of write instruction for SIO
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(2) SBlI mode
The SBI mode allows communication with more than one device via two lines: the serial clock (§a<) and serial
bus (SBO).
A slave device with which communication is to be performed can be selected from multiple devices by outputting
its address onto the serial bus (SB0).
After a target device is selected, commands and data are transmitted between the master device and slave device,
thus performing serial communication (wake-up function).
In the SBI mode, serial transmission is initiated by loading information to be transmitted into the shift register
(S10), with the transmission permission bit (CTXE) of the clock synchronous serial interface mode register (CSIM)
setto 1. When CRXE = 0, a zero is written to the shift register (SIO) after transmission.
The shift register is shifted on a falling edge of the serial clock (SCK), and the send data is held in the SO latch.
The data held in the SO latch is output on the SBO pin, starting with the MSB.
Serial reception is initiated by reading received data from the shift register (S10) when the transmission permission
bit (CTXE) of the clock synchronous serial interface mode register (CSIM) is set to 0 and the reception permission
bit (CRXE) is set to 1.
When 1 is rewritten to the CRXE bit of the CSIM register with the bit already set to 1, reception is not initiated.
When the CTXE bit is 1 and the CRXE bit is changed from 0 to 1, reception is not also initiated.
On a rising edge of the serial clock (SCK), data applied to the SBO pin is latched in the shift register, starting
with the MSB. When the SBO pin is specified as the serial data bus, it functions as an N-ch open-drain /O, so
an external pull-up resistor is required.

Fig. 4-22 Example of System Configuration in the Serial Bus Interface (SBI) Mode

Master CPU Slave CPU1

AAA
Yy

SCK 8CK
SBO SBO

Slave CPU2

—SCK
sBO

Slave CPUn

—1 8CK
SBO
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4.6.3 Baud Rate Generator (BRG)
The baud rate generator generates a transmission shift clock for the serial interface function, and consists of the

following hardware components:

¢ Mode register : BRGM
¢ 10-bit timer : TMBRG
* 10-bit compare register : BRG

¢ Selector

Fig. 4-23 shows the configuration of the baud rate generator.

With this baud rate generator, a clock of 75 to 287200 (bps) can be generated.

A baud rate to be set can be found from the expression below. The required baud rate is set by setting the value
of BRG and the count clock value of TMBRG in the baud rate generator mode register (BRGM).

Expression for baud rate:

fcLk 1

Baud rate (bps) = m X Ty

fcrk
T 2™ x(m+ 1)

where fcLk : Internal system clock (external oscillator frequency fosc/2)
m : Value set in BRG
n : Value corresponding to the vailues set in BRGM (PRS1, PRSO)

PRS1 | PRS0 Count clock n
0 0 fewx 0
0 1 fow /2 1
1 0 fowx /4 2
1 1 Not to be set Not to be set
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Fig. 4-23 Configuration of the Baud Rate Generator

g Internal bus 8

BRG o | o | oo pree o |PRSIPASIgRGM
[ Mateh ™~
2
Clear y /?¢
le—fCLK
TMBRG - Selector fe—fcLK/2
le——fcLK/4
Y

Serial interface
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4.7 WATCHDOG TIMER (WDT)
The watchdog timer is a free-running counter with a nonmaskable interrupt function designed to prevent crashes

or deadlocks. A program error can be detected when a watchdog timer overflow interrupt (INTWDT) is generated
or when the watchdog timer output pin (WDTO) goes low. By connecting this output to the RESET pin, abnormal
application system operation caused by a program error can be prevented.

The watchdog timer detects any program error by hardware. So it ensures the detection of crashes and deadlocks
for restarting the program. The watchdog timer can also be used to guarantee a time required for the oscillator to
perform stable operation when the stop mode is released.

4.7.1 WDT Configuration
Fig. 4-24 shows the configuration of the watchdog timer.

Fig. 4-24 Configuration of the Watchdog Timer

foug2? | Overflow
fo/210 - - Watchdo_g timer ~[5
(8-bit) Clear Q—© WDTO
foLk/2'2 — Y _|’> R
foLK —] Timer

(5-bit) Overflow

Clear

WDT CLR
WDT STOP

¢—————> INTWDT

Oscillation settling
time control circuit

58 B Lu27525 008L718 593 MM




| NEC uPD78330, 78334

4.7.2 WDT Operation

The watchdog timer generates an interrupt at specified time intervals to detect a program error. So a program
should be divided into modules so that the processing of each module can be completed within the WDT interval.
Each module should contain an instruction to clear and restart the watchdog timer. For this control, the watchdog
timer mode register (WDM) is used.

Once the watchdog timer is started after RESET signal input, it cannot be stopped with an instruction. This is
intended to prevent a program error from stopping the watchdog timer. Only a RESET input signal can stop the
watchdog timer. As another means to prevent an error, a special instruction is used to write data into WDM.

When a WDT overflow occurs, the watchdog timer output pin (W)ﬁ)—) allows the low levelto be output for the period
of 32 fewx. This pin is externally connected with the RESET pin, and is used to reset the system automatically when
a program error occurs.

Cautions1. WDTO is designed to output the low leve! for the period of 32 fcux even after RESET input by
considering its direct connection to the RESET pin.

2. WDTO may go low for a maximum of 32 fcu immediately after power-on.

Remark fcx: Internal system clock (oscillator frequency/2)
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4.8 PWM SIGNAL OUTPUT FUNCTION

The uPD78334 has two 8-bit PWM signal outputs. By externally connecting a low-pass filter, a PWM output can
be used as a digital-to-analog conversion output. The PWM outputs are most suitable, for example, for a control signal
for the actuator of a motor.

One of four PWM signal output repetition frequencies listed in Table 4-4 can be selected by software
setting.

Fig. 4-25 shows the configuration of the PWM output function.

Table 4-4 PWM Signal Repetition Frequencies

Resolution per bit Repetition frequency

1/fewx (125 ns) fowk/28 (31.25 kHz)
28/fowx (8 s) fok/2'4 (488 Hz)
2%fcix (64 us) fewc /217 (61 Hz)

210k (128 us) | fow/2'8 (30.5 Hz)

Remark The values in parentheses are for fcik = 8 MHz.

Fig. 4-25 Configuration of the PWM Output Function

PWM buffer register 0 (8)
Compare register CMPO (8)
[ Comparator { Meich 1S
'1 ( - o——© PWMoO
fotk — »>|R
foLi/26 —»-
fouk/2® Seiector > Counter (8) Overflow
foux/210 —» J L
Comparator } Match 1S
Q———© PWM1
T s
Compare register CMP1 (8)

| B

PWM buffer register 1 (8)
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5. INTERRUPT FUNCTION

The 4PD78334 has a powerful interrupt function that can handie up to 22 interrupt requests. Three interrupt

handling modes are available:

¢ Vectored interrupt handiing
¢ Macro service
* Context switching

With this interrupt function, complex multitask processing can be efficiently performed at high speed.

Tabie 5-1 Types of Interrupt Requests and Handling Modes

Handling mode

Interrupt request

Vectored interrupt
handling

Macro service

Context switching

Nonmaskable interrupt

Maskable interrupt

Software interrupt

O[O

Exception trap

O{0|0|0O

5.1 TYPES OF INTERRUPT REQUESTS

With the 1PD78334, four types of interrupt requests are used:

* Nonmaskable interrupt
* Maskable interrupt

* Software interrupt

* Exception trap

Each type of interrupt request is explained below.

(1) Nonmaskable interrupt

The nonmaskable interrupt is a type of interrupt whose acceptance cannot be disabled with an instruction, A
nonmaskable interrupt can be accepted at all times. Nonmaskable interrupt requests are classified into the

following two types:

¢ NMI pin input (NMI)
* Watchdog timer output (WDT)

For a nonmaskable interrupt, vectored interrupt handling can be performed.

M L427525 008L721 048 WM
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(2) Maskable interrupt
The maskable interrupt is a type of interrupt whose acceptance can be masked with a control register. Eighteen
interrupt sources are available. For a maskable interrupt, one of the following three handling modes can be

(3)

62

selected:

* Vectored interrupt handling
* Macro service
« Context switching

Fig. 5-1 Maskable interrupt Handling

Maskable interrupt request

YES

YES

Suspend handling

Macro service

DI

Macro service handling

YES

Context

!

Suspend vectored interrupt/
context switching handling

switching

Vectored interrupt handling

Context swithing handling

if multiple maskable interrupts occur at the same time, their priorities are determined according to the default
priorities. Besides the default priorities, three priority levels can be set by software.

Software interrupt
The software interrupt request is an interrupt request made by executing a CPU break instruction, and can be

accepted at all times. For a software interrupt, vectored interrupt handling is performed. The following two
instructions can generate a software interrupt:

* BRK

+ BRKCS:

: Causes a branch to the address indicated by the contents of memory addresses 003EH and 003FH.

instruction.

Causes a branch by context switching processing for switching to the register bank specified in the
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(4)

Exception trap

For an exception trap, vectored interrupt handling can be performed. An exception trap occurs in the following
case:

¢ Invalid op code (TRAP):

Occurs when an instruction for writing to the standby control register and watchdog timer mode register is not
executed normally.

5.2 INTERRUPT HANDLING MODES

(1)

(2)

3

With the uPD78334, three interrupt handling modes are available:

Vectored interrupt handling
Macro service
Context switching

Vectored interrupt handling

When an interrupt is accepted, the contents of PC and PSW are saved automatically. Then a branch is made
to the address indicated by the data contained in the vector address table to execute the interrupt service routine.

Macro service

When an interrupt is accepted, CPU execution is terminated temporarily to execute the service set by firmware.
The macro service is performed without CPU involvement, so that the CPU statuses such as PC and PSW need
not be saved or restored. Thus the macro service much increases CPU service time.

Context switching

When an interrupt is accepted, a specified register bank is selected by hardware. Then a branch is made to the
already selected vector address in the register bank, and the current contents of PC and PSW are saved in the
register bank at the same time.

Remark The context means CPU registers that can be accessed from a program being executed. The registers
include general registers, PC, PSW, and SP.

Table 5-2 lists the interrupt sources. -
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Table 5-2 Interrupt Source List

Type  huer Interrupt source pnit requesting| Vector table Macro Cor\text
Name Trigger interrupt address service | switch
Non- - NMI NMI pin input External 0002H No No
maskable | _ INTWDT Watchdog timer WDT 0004H
0 INTOV Timer 0 overflow RPU 0006H
1 INTPO INTPO pin input External 0008H
2 INTP1 INTP1 pin input External 000AH
3 INTP2 INTP2 pin input External 000CH
4 | INTP3/INTCCOOR | INTP3 pin input/CCOOR match signal Extermnal/ RPU O0OEH
5 | INTP4/INTCCO1R | INTP4 pin input/CCO1R match signal | Extemal/RPU | 0010H
8 INTPS INTPS pin input External 0012H
7 INTP6/TI INTP6 pin input/ Tl input External 0014H
Maskable | 8 INTCMXO0 CMX0 match signal RPU 0016H Yes Yes
9 INTCM11 CM11 match signal RPU 0018H
10 INTCM12 CM12 match signal RPU 001AH
11 INTCM20 CM20 match signal RPU 001CH
12 INTCM21 CM21 match signal RPU 001EH
13 INTCM30 CM30 match signal RPU 0020H
14 INTSR UART reception complete UART 0024H
15 INTST UART transmission complete UART 0026H
16 INTCSI CSi transmission complete CSi 0028H
17 INTAD A/D conversion complete A/D 002AH
- - INTSERNote 2 UART receive error UART -~Note 2
- BRK BRK instruction - 003EH No
Software - BRKCS BRKCS instruction - - No Yes
Exception | _ TRAP Invalid op code trap - 003CH No
Reset - RESET RESET input - 0000H

Notes 1. Default priority: Priority used when multiple maskable interrupts occur at the same time, with 0 for the
highest priority and 17 for the lowest priority.

2. Test source: No vectored interrupt occurs.
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5.3 MACRO SERVICE
The uPD78334 has nine types of macro services. Each macro service is explained below.

(1) Counter mode: EVTCNT
¢ Operation
(a) This mode increments or decrements the 8-bit macro service counter (MSC).
(b) When the MSC reaches 0, a vectored interrupt request occurs.

MSC

* Sample application
This mode can be used to measure the event counter and capture count.

(2) Data compare mode: DTACMP
e Operation
(a) This mode compares data set beforehand with the contents of the current SFR determined for each
interrupt source.
(b) When a match is found, a vectored interrupt occurs. If no match is found, processing just continues.

Byte data

Match
%} > Vectored interrupt

Current SFR

* Sample application
This mode can be used to detect a slave address match in the SBI mode.

(3) Data shift mode: BITSHT
e Operation
(a) This mode shifts the contents of the SFR pointed to by the SFR pointer (SFRP) one bit right.
(b) A vectored interrupt occurs when data 1 is shifted out from the bit 0 position.

SFRP

0 ——» SFR

* Sample application
This mode can be used to shift the values of the real-time output port set register (RTPS) and real-time output
port reset register (RTPR) for controlling the real-time output port (RTP).

B L4Y27525 008L725 723 EA 65



NEC

uPD78330, 78334

(4) Bit pattern operation mode: BITLOG

(a)

(b)

Operation

This mode performs an AND/OR operation between data (bit pattern) set beforehand and the contents
of the SFR pointed to by the SFRP.

The result of operation is reloaded into the SFR, and a vectored interrupt occurs.
SFRP
SFR AND/OR Bit pattern > SFR

Sample application

This mode can be used to perform logical operations at an output port.

(5) Block transfer mode: BLKTRS
¢ Operation

(a

(b)

(c)
(d)

(e)

+1/+2

This mode transfers a data block between the buffer pointed to by the memory pointer (MEMP) and the
SFR pointed to by the SFRP.

Either an SFR or buffer area can be specified as a transfer source or transfer destination. In addition,
either the byte or word can be selected as the length of transfer data.

The MSC is used to specify the number of data transfers (block size).

Each time the macro service is executed, the MSC is automatically decremented by one, and the MEMP
is automatically incremented by one for a byte-data transfer or by two for a word-data transter.

When the MSC reaches 0, vectored interrupt handling is activated.

SFRP Buffer N
MSC .
MEMP
Buffer 1 SFR
g Intemal bus

« Sample application
This mode can be used for data transfer using a serial interface.
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(6) Data difference mode: DTADIF
* Operation

(a) This mode calculates the difference between the contents (current value) of the SFR pointed to by the
SFRP and the contents of the SFR already held in the last data buffer (LDB).

(b) The result of calculation is stored in a buffer area specified beforehand.

(c) The current value of the SFR is loaded into the LDB.

(d) The MSC is used to specify the number of data transfers (block size). Each time the macro service is
executed, the MSC is automatically decremented by one.

(e) When the MSC reaches 0, vectored interrupt handling is activated.

SFRP
LDB } SFR |
Buffer N
. Y ¥
Buffer 1 | piterence caicutation
S Internal bus X

Remark To match the data length of an SFR subject to difference calculation, either the byte or word can
be selected as the data length. However, even if the SFR is an 8-bit SFR, data stored in the LDB
is handled as word data.

+ Sample application

This mode can be used to measure periods or pulse widths by a capture register of the real-time pulse unit
(RPU).

(7) Data difference mode (with memory pointer): DTADIF-P
¢ Operation
This mode is the data difference mode with a memory pointer (MEMP) added. With this MEMP addition, a
buffer area for storing difference data can be freely set in memory space.

Remark A bufferis specified by the result of operation on the MEMP and MSCNote, The MEMP is not updated
after data transfer.

Note + For an 8-bit MSC: MEMP - MSC
* For a 16-bit MSC: MEMP - (MSC % 2)

SFRP
Buffer N Ep Msc
. LDB |
. - sFR 1
> MEMP )
Buffer 1 | Difference calculation]

L@ J - J¢C S

* Sample application
Same as (6) above
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(8) Continuous puise output control mode 1: PPOSEQ
e Operation

(a) This mode adds word data n specified by the channel pointer (CHP) to the value of CMXO0 or CT00, and
stores the result into the compare register (CMOnR: n = 1 to 4) or capture/compare register (CCOmR:
m = 0, 1) of the real-time pulse unit (RPU).
CMONR or CCOmR: Compare register that corresponds to the bits with PPOS set to 1

(b) Then the contents of PPOS are shifted one bit right.

(c) A vectored interrupt occurs when data 1 is shifted out from the bit 0 position of PPOS.

Word data 7
(n=1t04,m=0,1)
CHP . + CMX0/CTO0 CMOnR/CCOmR
Word data 0
MSB LSB
0 —» PPOS >

* Sample application
In an engine control application, for example, this mode can be used for full-sequential fuel injection pulse
output using programmable pulse output from the RPU.

(9) Continuous puise output control mode 2: PPOPRL
* Operation

(a) This mode adds word data n specified by the channel pointer (CHP) to the value of CMX0, and stores
the result into the compare register (CMOnR: n = 1 to 4) or capture/compare register (CCOmR: m =0,
1) of the real-time pulse unit (RPU).
CMONnR or CCOmR: Compare register that corresponds to the bits with PPOS set to 1

{b) Then word data is added to CMX0, and the MSC is decremented.

{c) A vectored interrupt occurs when MSC reaches 0.

MSC
T + CMX0 > CMX0
Word data 5
(n=1tod4, m=0,1)
cHP + CMX0 > cMOnR/CCOmR
Word data 0

* Sample application
See the sample application in (8).
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5.4 CONTEXT SWITCHING

The context switching is a function that selects a specified register bank by hardware when an interrupt occurs
or a BRKCS instruction is executed, then causes a branch to the vector address set beforehand in the register bank
and saves the current contents of PC and PSW in the register bank at the same time.

5.4.1 Context Switching Function Based on an Interrupt Request

The context switching function can be activated when the context switching enable register corresponding to each
maskable interrupt request is set to 1 in the E! (interrupt enable) state.

Context switching operation based on an interrupt request is performed as described below.

(1) When an interrupt request occurs, a register bank subject to context switching is specified from the contents of
the lower three bits of the row address (even address) of the corresponding vector table.

(2) The vector address set beforehand in the register bank subject to context switching is transferred to PC, and
the contents of PC and PSW present immediately before switching operation are saved in the register bank.

(3) A branch is made to the address pointed to by the newly set contents of PC.

Fig. 5-2 Context Switching Operation

Register
bank
Register bank {0to7)
\ RP1
Exchange RP2
Save = RP3
RP4
PSW

RPS
RP6
RP7
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5.4.2 Context Switching Function Based on the BRKCS Instruction
The context switching function can be activated with the BRKCS instruction.
Context switching operation based on an interrupt request is performed as described below.

(1) An 8-bit register is specified in an operand of the BRKCS instruction. The contents of the register determine
a register bank subject to context switching. (Only the low-order three bits of the eight bits are used.)

(2) The vector address set beforehand in the register bank subject to context switching is transferred to PC, and
the contents of PC and PSW present immediately before switching operation are saved in the register bank at
the same time.

(3) A branch is made to the address pointed to by the newly set contents of PC.

5.4.3 Return from Context Switching
To retum from context switching, one of the foliowing two instructions is used. The source of context switching

activation determines which instruction to use.

Table 5-3 Return from Context Switching

Return instruction Context switching activation source
RETCS Activation based on interrupt occurrence
RETCSB Activation based on BRKCS instruction

70
B L427525 008L730 090 M




NEC LPD78330, 78334

6. EXTERNAL DEVICE EXPANSION FUNCTION

Besides its internal ROM and RAM areas, the uPD78334 can have external devices (data memory, program
memory, and peripheral devices) expanded. When an external device is connected, port 4, 5, or 9 is used for address/
data, RD, and WR control.

Table 6-1 Pin Functions Assigned when External Devices are Connected

) Pin function when external device is connected

in Functicn Name
P40 - P47 | Multiplexed address/data bus ADO - AD7
P50 - P57 | Address bus AB - A15

P90 Read strobe RD

P91 Write strobe WR
CLKOUT | System clock output CLKOUT

ASTB Address strobe ASTB

7
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7. STANDBY FUNCTION

The uPD78334 has a standby function to reduce power consumption of the system. With the standby function,
two modes are available:

HALT mode :

STOP mode :

In this mode, the CPU operation clock is stopped. Intermittent operation, when combined with
the normal operation mode, can reduce overall system power consumption.

In this mode, the oscillator is stopped to stop the entire system.
Since only leakage currents may flow in this mode, system power consumption can be minimized.

Each mode is set by software. Fig. 7-1 is the transition diagram of the standby modes (STOP/HALT modes).

72

Fig. 7-1 Transition Diagram of the Standby Modes
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8. BRESET FUNCTION

When the signal applied to the RESET input pin is low, the system is reset, and each hardware component s placed
in the status indicated in Table 8-1. When the signal applied to the RESET input port goes high, the reset status
is released, and program execution starts. The contents of registers must be initialized in the program as required.

in particular, the number of cycles specified in the programmable wait control register and fetch cycle control
register must be changed as required.

The RESET input pin contains a noise eliminator based on analog delays to prevent abnormal operation due to
noise.

Cautions 1. When RESET is active (low level), all pins except WDTO, CLKOUT, AVReF, AVoD, AVss, VoD,
Vss, X1, and X2 go into the high-impedance state.

2. When RAM is expanded externally, attach a pull-up resistor to the P90/RD pin and P91/WR
pin. Otherwise, these pins may go into the high-impedance state, and the contents of the
external RAM may be destroyed. Signals may contend for the address/data bus, resulting in
damage to the input/output circuits.

Fig. 8-1 Acceptance of the RESET Signal

RESET input

'
|
t
]
'

! Analog Analog. 1 Analog:
delay delay delay
A A
Removed Accepts Releases
as noise reset. reset.

In reset operation at power-on, a time for stabilized operation between power-on to reset acceptance is required
as shown in Fig. 8-2.

Fig. 8-2 Reset Operation at Power-on

L4
7

Voo

RESET E

~=— Oscillation -, *
settling ime  “Analog’
delay A

Releases
reset.
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Table 8-1 Hardware Statuses after Reset (1/2)

Hardware

Status after reset

Program counter (PC)

The contents of a reset
vector table (0000H,
0001H) are set.

Control registers Stack pointer (SP) UndefinedNote
Program status word (PSW) 0000H
CPU control word (CCW) 00H
Data memory
Internal RAM UndefinedNote
General registers (RO - R15)
Output latches (PO, P1, P3 - P5, P9) Undefined
(PMo, PM1, PM3, PM5) FFH
Mode registers
Ports (PM9) xx11 1111B
Mode control registers (PMC0, PMC1, PMC3) 00H
Port read control register (PRDC)
Real-time output port register (RTP) Undefined
Real-time output ports - p
Real-time output port set register (RTPS
(RTP) put p gister ( ) 00H
Real-time output port reset register (RTPR)
Timers (TMO, TM1, TM2, TM3) 0000H
Timer low access register (TLA) Undefined
Timer unit mode registers (TUMO, TUM1) 00H
Timer control register 0 (TMC0)
Timer control register 1 (TMC1) 40H
Real-time pulse unit
AP Timer output control registers (TOCO, TOC1)
(RAPU) 00H
Programmable puise output set register (PPOS)
Compare registers (CMX0, CMO1R, CMO2R, CM03R, CM04R)
(CM11, CM12, CM20, CM21, CM30)
Capture/compatre registers (CCOOR, CCO1R) Undefined
Capture registers (CT00, CT01, CT02, CT10)
PWM contral register (PWMC) 00H
PWM output function
PWM buffer registers (PWMO0, PWM1) Undefined
A/D converter mode register (ADM) 00H
A/D converter -
A/D conversion result registers (ADCRO - ADCR7) Undefined

Note When the input of the RESET signal releases the STOP mode, the unit of hardware holds the value stored

immediately before the STOP mode is set.
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Table 8-1 Hardware Statuses after Reset (2/2)

Hardware Status after reset
Asynchronous serial interface mode register (ASIM) 80H
Asynchronous serial interface status register (ASIS) 00H
Clock synchronous serial interface mode register (CSIM)
00H
Serial bus interface control register (SBIC)
Serial interface Serial shift register (SIO)
Serial receive buffer (RXB) Undefined
Serial transmit shift register (TXS)
Baud rate generator compare register (BRG) 0000H
Baud rate generator mode register (BRGM) 00H
Memory expansion mode register (MM) 00H
External expansion
. panst Programmable wait control register (PWC) 22H
function
Fetch cycle control register (FCC) 00H
Watchdog timer Watchdog timer mode register (WDM) 0oH
External interrupt mode registers (INTMO, INTM1) 00H
Interrupt request flag registers (IFOL, IFOH, IF1L)
(MKOL, MKOH) FFH
Interrupt mask registers
(MKiL) xxxx x1118
Int handli
| 1w s s
Interrupt function P 9
c o
or.\text switching enable (CSEOL, CSEOH, CSE1L)
ragisters
Priority specification buffer 00H
Y Sp (PBOL, PBOH, PB1L)
registers
Priority specification register (PRSL)
In-service priority register (ISPR)
CPU control Standby control register (STBC) 0000 x000B
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9. INSTRUCTION SET

This chapter explains only the operations of the instructions.
Refer to the uPD78334 User's Manual (IEU-1315) for the number of clocks and instruction codes for executing

each instruction.

(1) Operand notation and coding format
Operands are coded in the operand field of each instruction as listed in the coding column of Table 9-1. For details
of the operand format, refer to the relevant assembler specifications. When several coding forms are presented,
any one of them is selected. Uppercase letters and the symbols, +, —, #, $, |, and [ ], are keywords and must
be written as they are.
For immediate data, an appropriate numeric or label must be written. The symbols #, $, |, and [ ] must not be
omitted when describing labels.
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Table 9-1 Operand Notation and Coding Format

Notation Coding

r RO, R1, R2, R3, R4, R5, R6, R7, R8, RI, R10, R11, R12, R13, R14, R15

r RO, R1, R2, R3, R4, RS, R6, R7

re c.B

p RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7

p1 RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7

2 DE, HL, VP, UP

sfr Special function register abbreviation (See Table 2-1.)

sfrp Special function register abbreviation (16-bit manipulation register. See Table 2-1.)
RPQ, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7

post (Can be coded more than once. However, RP5 can only be used in a PUSH or POP instruction and

PSW can only be used in a PUSHU or POPU instruction.)

{DE], [HL], [DE+], [HL+], [DE-}, [HL-], [VP], [UP] : Register indirect mode

mem [DE+A], [ML+A]}, [DE+B], [HL+B], [VP+DE], [VP+HL] : Based indexed mode
[DE+byte], {HL+byte], [VP+byte], [UP+byte], [SP+byte] : Based mode
word[A], word[B], word[DE], word{HL]} : Indexed mode

saddr FE20H - FF1FH Immediate data or label

saddrp FE20H - FF1EH Immediate data (bit 0 = 0, however) or label (for 16-bit manipulation)

$ addr16 0000H - FDFFH Immediate data or iabel: Relative addressing

! addr16 0000H - FDFFH Immediate data or label: Immediate addressing
(Data up to FFFFH can be coded in an MOV instruction.)

addri1’ 800H - FFFH immediate data or label

addrs 40H - 7EH Immediate data (bit 0 = 0, however)Note or label

word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label

n 3-bit immediate data (0 to 7)

Note Do not attempt to access word data at an odd-numbered address {(bit 0 = 1).

Remarks 1. The same register name can be specified in rp and rp1, but different codes are generated. Refer

to the User's Manual (IEU-1315) for details.
2. Functional names (X, A, C, B, E, D, L, H, AX, BC, DE, HL, VP, and UP) can be specifiedinr, r1, rp,

rp1, and post, as well as absolute names (RO to R15 and RPO to RP7).
Refer to the User’s Manual (IEU-1315) for details.

3. Immediate addressing is effective for entire address spaces. Relative addressing is effective for the

locations within a displacement range of —128 to +127 from the starting address of the next instruction.
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(2) Legend
A

FTImMmOO w X

RO - R15
AX

BC

DE

HL :
RPO - RP7 :
PC :
SP

UP

PSW

cY

AC

p4

P/v

s

TPF

RBS

RSS

STBC
wWDM
jdisp8
()

«n

xxH
XH, XL

78

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

Register O to register 15 (absolute name)

Register pair (AX); 16-bit accumulator

Register pair (BC)

Register pair (DE)

Register pair (HL)

Register pair 0 to register pair 7 (absolute name)

Program counter

Stack pointer

User stack pointer

Program status word

Carry flag

Aucxiliary carry flag

Zero flag

Parity/overflow flag

Sign flag

Table position flag

Register bank selection flag

Register set selection flag

Interrupt request enable flag

Standby control register

Watchdog timer mode register

Signed 8-bit data (displacement value: -128 to +127)

Contents at an address enclosed in parentheses or at an address indicated in a register indicated
in parentheses. ( +) and ( -) indicate that an address or the contents of a register indicated
in parentheses are incremented and decremented by one after execution of the instruction,
respectively.

Contents at an address indicated by the contents at an address indicated in parentheses
(Q9)>

Hexadecimal number

High-order 8 bits and low-order 8 bits of 16-bit register
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(3) Notational symbols in flag operation field

Table 9-2 Notational Symbols in Flag Operation Field

Symbol Explanation
(Blank) No change

0 Cleared to zero.

1 Setto 1.

Set or reset according to the result.
P/V flag operates as a parity fiag.
P/V flag operates as an overflow flag.
Saved values are restored.

N < VX
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Flag
Instruction set Mnemonic Operand Byte Operation S Z ACP/VCY
r1, #byte 2 r1 « byte
saddr, #byte 3 (saddr) « byte
sfriote #byte 3 sfr « byte
A4 2 rerl
A 1 Aert
A, saddr 2 A « (saddr)
saddr, A 2 (saddr) « A
saddr, saddr 3 (saddr) « (saddr)
A, sfr 2 A« sfr
sfr, A 2 sfre A
MoV A, mem 1-4 | Ae (mem)
mem, A 1-4 | (mem)« A
A, [saddrp}] 2 A « ((saddmp))
8-bit data {saddrp], A 2 ((saddrp)) « A
transfer A, laddri6 4 A « (addri6)
laddr16, A 4 (addr16) « A
PSWL, #byte 3 PSWL « byte X X X X X
PSWH, #byte 3 PSWH « byte
PSWL, A 2 PSWL e A X X x x X
PSWH, A 2 PSWH« A
A, PSWL 2 A« PSWL
A, PSWH 2 A « PSWH
A, ri 1 Aen
rr 2 resn
A, mem 2-4 | Ao (mem)
XCH A, saddr 2 A © (saddr)
A, sfr 3 A & sfr
A, [saddrp] 2 | Ao ((saddrp))
saddr, saddr 3

(saddr) « (saddr)

Note If STBC or WDM is coded in sfr, a different instruction having the different byte count is generated.
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Instruction set Mnemonic Operand Byte Operation s 2z P:acgplv cY
rp1, #word 3 p1 « word
saddrp, #word 4 (saddrp) « word
sfrp, #word 4 sfrp « word
e, 1p1 2 P & 1
AX, saddrp 2 AX « (saddrp)
saddrp, AX 2 (saddrp) « AX
MOVW saddrp, saddrp 3 (saddrp) « (saddrp)
AX, sfrp 2 AX & sfip
16-bit data sfrp, AX 2 sfip « AX
transfer
1, laddri6 4 p1 « (addri6)
laddr16, rp1 4 (addri6) « rp1
AX, mem 2-4 | AX « (mem)
mem, AX 2- (mem) « AX
AX, saddrp 2 AX « (saddrp)
AX, sfrp 3 AX o sfrp
XCHW saddrp, saddrp 3 (saddrp) «» (saddrp)
P, rp1 2 | rpomp
AX, mem 2-4 | AX & (mem)
A, #byte 2 A, CY « A + byte x x x V x
saddr, #byte 3 (saddr), CY « (saddr) + byte x x x V x
sfr, #byte 4 sfr, CY « sfr + byte x x x V x
r, 2 LCY «r+n x x x V x
ADD A, saddr 2 A, CY « A + (saddr) x x x V x
A, sfr 3 A, CY « A + sfr x X x V x
saddr, saddr 3 (saddr), CY « (saddr) + (saddr) x x x V x
A, mem 2- A, CY « A + (mem) x x x V x
8-bit arithmetic/ mem, A -4 | (mem), CY « (mem) + A x x x V x
logical A, #byte 2 A, CY « A + byte + CY x x x V x
saddr, #byte 3 (saddr), CY « (saddr) +byte +CY | x x x V «x
sfr, #byte 4 sfr, CY « sfr + byte + CY x x x V x
rn 2 nCY«r+rt +CY x x x V x
ADDC A, saddr 2 A, CY « A + (saddr) + CY x x x V x
A, sfr 3 A, CY « A +sfr+ CY X x x V x
saddr, saddr 3 (saddr), CY « (saddr) + (saddr)+CY | x x x V x
A, mem 2-4 | A, CY « A+ (mem)+ CY x x x V x
mem, A 2- {mem), CY « (mem) + A+ CY x x x V x
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Instruction set Mnemonic Operand Byte Operation Flag
S Z ACP/IVCY
A, #byte 2 A, CY « A -byte X x x V x
saddr, #byte 3 (saddr), CY « (saddr) ~ byte x x x V x
sfr, #byte 4 sfr, CY « sfr — byte X x x V x
rori 2 LCYer-n X X x V x
suB A, saddr 2 A, CY « A — (saddr) x x x V x
A, sfr 3 A, CY & A —sfr x x x V x
saddr, saddr 3 (saddr), CY « (saddr) - (saddr) x x x V x
A, mem -4 [ A CY e A-(mem) Xx X x V x
mem, A 2- {mem), CY « (mem) ~ A X x x V x
A, #byte 2 A, CY « A-byte - CY X x x V x
saddr, #byte 3 (saddr), CY « (saddr) ~byte~CY | x x x V x
sfr, #byte 4 sfr, CY « sfr - byte - CY x x x V x
8-bit arithmetic/ r.r 2 CYer-n-CY X x x V x
logical SUBC A, saddr 2 A, CY « A — (saddr) ~ CY x x x V x
A, sfr 3 A CY — A-sfr—-CY x x x V x
saddr, saddr 3 (saddr), CY « (saddr) — (saddr) - CY x x x V x
A, mem -4 | A,CY « A~ (mem)~CY x x x V x
mem, A 2- (mem), CY « (mem) ~ A - CY x x x V x
A, #byte 2 A« A A byte x X P
saddr, #byte 3 (saddr) « (saddr) A byte X X P
sfr, #byte 4 sfr « sfr A byte X X P
r 2 rerArl X X P
AND A, saddr 2 A « A A (saddr) x X P
A, sfr 3 A« A Asfr X X P
saddr, saddr 3 (saddr) « (saddr) A (saddr) x X P
A, mem 2-4 | A= AA (mem) X X P
mem, A 2- (mem) « (mem) A A x x P
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Instruction set Mnemonic Operand Byte Operation Flag
Z ACP/IVCY
A, #byte 2 A« AV byte x P
saddr, #byte 3 (saddr) « (saddr) V byte x P
sfr, #byte 4 sfr « sfr V byte x P
r,r 2 rerVri x P
OR A, saddr 2 A « AV (saddr) X P
A, sfr 3 A AVsfr X P
saddr, saddr 3 (saddr) « (saddr) V (saddr) x P
A, mem 2-4 | A AV (mem) x P
mem, A 2-4 | (mem) « (mem) V A x P
A, #byte 2 A« Arbyte X P
saddr, #byte 3 (saddr) « (saddr) s byte x P
sfr, #byte 4 sfr « sfr “byte x P
8-bit arithmetic/ r.r 2 |reren x P
logical XOR A, saddr 2 A « A ¥ (saddr) x P
A, sfr 3 A« A sfr x P
saddr, saddr 3 (saddr) « (saddr) “»(saddr) X P
A, mem 2-4 | A AN (mem) x P
mem, A 2-4 | (mem) « (mem) WA x P
A, #byte 2 A - byte x x V x
saddr, #byte 3 (saddr) ~ byte x x V x
sfr, #byte 4 sfr ~ byte x x V x
rr 2 r-ri X x V x
cMmpP A, saddr 2 A - (saddr) x x V x
A, sfr 3 A — sfr x x V x
saddr, saddr 3 (saddr) — (saddr) x x V x
A, mem 2- A — (mem) x x V x
mem, A 2- (mem) - A x x V x
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NEC
Instruction set Mnemonic Operand Byte Operation Flag
S Z ACP/VCY
AX, #word 3 AX, CY « AX + word x x x V x
saddrp, #word 4 (saddrp), CY « (saddrp) + word x x x V x
sfrp, #word 5 sfrp, CY « sfrip + word x x x V x
ADDW P, rpl 2 tp, CY  tp + rp1 x X x V x
AX, saddrp 2 AX, CY « AX + (saddrp) Xx X x V x
AX, sfrp 3 AX, CY « AX + sfrp X X x V x
saddrp, saddrp 3 (saddrp), CY « (saddrp) + (saddm) X X x V x
AX, #word 3 AX, CY « AX - word x X X V x
saddrp, #word 4 (saddrp), CY « (saddrp) — word x x x V x
16-bit arithmetic/ sfrp, #word 5 sfrp, CY « sfrp — word x x x V x
logical SUBW rp. rpt 2 . CY « rp — rp1 x x X V x
AX, saddrp 2 AX, CY « AX - (saddrp) x x x V x
AX, sfrp 3 AX, CY « AX - sfrp Xx x x V x
saddrp, saddrp 3 (saddrp), CY « (saddrp) — (saddrp) x x x V x
AX, #word 3 AX - word x x x V X
saddrp, #word 4 (saddrp) — word Xx X x V x
sfrp, #word 5 sfrp ~ word x X % V x
CMPW P, rp1 2 - rpl x x x V x
AX, saddrp 2 AX ~ (saddrp) x x x V x
AX, sfrp 3 AX - sfrp Xx X X V x
saddrp, saddrp 3 (saddrp) - (saddrp) x x x V x
MULU r1 2 AX — A x 11
DIVUW r 2 AX (quotient), r1 (remainder) « AX
+r1
Multiply/divide | ) v i o | AX (high-order 16 bits), rp1 (low-
order 16 bits) « AX x rp1
DIVUX 1 2 AXDE (quotient), rp1 (remainder) -
« AXDE + rp1
Signed multiply | MULW p1 2 AX (high-order 16 bits), ip1 (low-
order 16 bits) « AX x rp1
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Flag
Instruction set Mnemonic Operand Byte Operation
§ Z ACP/IVCY
ING n 1 erl+1 X X X
saddr 2 {saddr) « (saddr) + 1 x x x V
r 1 Merl-1 x x x V
DEC
In
crement/ saddr 2 | (saddr) « (saddr) - 1 x x x V
decrement > y
P 1
INCW P2 « 1p2 +
saddrp 3 {saddrp) « (saddrp) + 1
p2 1 -1
DECW P2 ¢~ fp2
saddrp 3 (saddrp) « (saddrp) - 1
ROR ", n 2 (CY, r17 « rlo, rim=-1 & rim) x P x
n times
ROL ", n 2 (CY, 110 & 117, rims1 « rim) x P x
n times
RORC ", n 2 (CY « rto, r17 « CY, rim~1 & rim) P x
x n times
ROLC M, n 2 (CY « 117, r10 « CY, rim+1 &« rim) P x
x n times
SHR M, n 2 (CY «ro, M7 « 0, rim~1 « rim) x x x 0 P x
n times
Shift/rotate SHL ", n 2 (CY e« ri7, Mo« 0, rim+1 & rim) x x x 0 P x
n times
SHRW tp1, n 2 (CY < rplo, rpi1s « O, rpim-1 & x x 0 P x
rpim) x n times
SHLW 1, n 2 {CY « rpi1s, rp10 e 0, rpim+1 x x 0 P x
rpim) x n times
A3-0 & (rp1)a-0,
ROR4 [rpt] 2 (rp1)7~4 & As-o,
(rp1)3~0 « (rp1)7-4
A3-0 « (rp1)7—4,
ROL4 [rp1] 2 | (rp1)3o  Aso,
(rp1)7—4 « (rp1)a-—0
ADJBA » b | b
B i ecimal adjust accumulator x x 0 x
CD adjust ADJBS
Data CVTBW 1 When A7=0, X « A, A « 00H
conversion When A7=1, X « A, A « FFH
Remark n in the shift/rotate instructions indicates the number of shifts or rotations.
85

B tu42?525 008L745 511 HE



uPD78330, 78334

Fla
Instruction set Mnemonic Operand Byte Operation g ACgP/V oY
CY, saddr.bit 3 CY « (saddr.bit) X
CY, sfr.bit 3 CY « sfr.bit X
CY, A.bit 2 CY « Aubit x
CY, X.bit 2 CY « X.bit X
CY, PSWH.bit 2 CY « PSWH.bit X
CY, PSWL.bit 2 CY « PSWL.bit x
movi saddr.bit, CY 3 (saddr.bit) « CY
sfr.bit, CY 3 sir.bit « CY
Abit, CY 2 A.bit « CY
X.bit, CY 2 X.bit - CY
PSWH.bit, CY 2 PSWH.bit & CY
PSWL.bit, CY 2 PSWLbit « CY
CY, saddr.bit 3 CY « CY A (saddr.bit) x
CY, /saddr.bit 8 | oY « CY A (saddrbit) x
CY, sfr.bit 3 CY « CY A sfr.bit x
CY, /sfr.bit 3 CY « CY Asfrbit x
CY, A.bit 2 CY « CY A A.bit X
Bit manipulation CY, /A.bit 2 CY « CY A Abit %
AND1 CY, X.bit 2 CY « CY A X.bit X
CY, /X.bit 2 | cYecCYAXbi x
CY, PSWH.bit 2 CY « CY A PSWH.bit x
CY, /PSWH.bit 2 CY « CY A PSWHbit x
CY, PSWL.bit 2 CY « CY A PSWL.bit x
CY, /PSWL.bit 2 | CY « CY A PSWLbit x
CY, saddr.bit 3 CY « CY V (saddr.bit) x
CY, /saddr.bit 3 CY « CY V (saddr.bit) x
CY, sfr.bit 3 CY « CY V sfr.bit x
CY, /sfr.bit 3 CY «CY V ;m x
CY, Abit 2 CY « CY V Abit X
CY, /Abit 2 | oY« CYVADIL x
oAt CY, X.bit 2 CY « CY V X.bit x
CY, /X.bit 2 CY «CYV m x
CY, PSWH.bit 2 CY « CY V PSWH.bit X
CY, /PSWH.bit 2 | CY « CY V PSWh.bit x
CY, PSWL.bit 2 CY « CY V PSWL.bit x
CY, /PSWL.bit 2 | CY «CY V PSWLbit x
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Flag
Instruction set Mnemonic Operand Byte Operation
S Z ACP/IVCY
CY, saddr.bit 3 CY « CY 3+ (saddr.bit) x
CY, sfr.bit 3 CY « CY* sir.bit X
CY, A.bit 2 CY « CY>* Abit x
XOR1
CY, X.bit 2 CY « CY > X.bit x
CY, PSWH.bit 2 CY « CY > PSWH.bit x
CY, PSWL bit 2 CY « CY % PSWL.bit x
saddr.bit 2 (saddr.bit) « 1
sfr.bit 3 sfr.bit « 1
A.bit 2 A.bit « 1
SET1 -
X.bit 2 X.bit « 1
PSWH.bit 2 PSWH.bit « 1
PSWL.bit 2 PSWL.bit « 1 X X X X X
Bit manipulation saddr.bit 2 (saddr.bit) < 0
sfr.bit 3 sfr.bit « 0
A.bit 2 Abit« 0
CLR1 -
X.bit 2 X.bit < 0
PSWH.bit 2 PSWH.bit « 0
PSWL.bit 2 PSWL.bit « 0 X X X X x
saddr.bit 3 (saddr.bit) « (saddr.bit)
sfr.bit 3 sfr.bit « sfr.bit
A.bit 2 A.bit « A.bit
NOT1 - —
X.bit 2 X.bit « X.bit
PSWH.bit 2 PSWH.bit ¢ PSWH.bit
PSWL.bit 2 PSWL.bit « PSWL.bit X X X X X
SET1 cY 1 CY 1 1
CLRt cY 1 CY <0 0
NOT1 cY 1 CY «CY x
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Instruction set

Mnemonic

Operand

Byte

Operation

Flag

S Z ACP/VCY

Call/return

CALL

laddr16

(SP—1)e—(PC+3)H, (SP-2)«—(PC+3)L,
PC«addri6, SP—SP-2

CALLF

taddr11

(SP-1)e—(PC+2)H, (SP-2)(PC+2)L,
PC15-11¢-00001, PC1o-0¢—addr11,
SPSP-2

CALLT

[addr5]

(SP=1)e~(PC+1)H, (SP-2)~(PC+1)L,
PCHe(TPF, 00000000, addr5+1),
PCL—(TPF, 00000000, addr5),
SP—SP-2

CALL

rpi

(SP~1)e—(PC+2)H, (SP-2)«(PC+2)L,
PCHerp1H, PCLepiL, SPSP-2

[rp1]

(SP-1)e~(PC+2)H, (SP-2)«—(PC+2)L,
PCHe(rp1+1), PCLe(rp1),
SP«SP-2

BRK

(SP=1)-PSWH, (SP-2)¢-PSWL
(SP-3)~(PC+1)H, (SP—4)~(PC+1)L,
PCL«~(003EH), PCHe(003FH),
SP—SP-4, IE«D

RET

PCL~(SP), PCH«(SP+1), SP«SP+2

RETB

PCL«(SP), PCH«—(SP+1)
PSWL(SP+2), PSWH«(SP+3)
SP«SP+4

R R R RR

RETI

PCL«(SP), PCH«(SP+1)
PSWLe(SP+2), PSWHe(SP+3)
SP«SP+4

R R R R R

Stack manipula-
tion

PUSH

sfrp

(SP—1)e~sfrH, (SP-2)¢~sfr, SP«-SP~2

post

{(SP-1)e—postH, (SP-2)postL,
SP&«SP-2} x n times

PSW

(SP~1)-PSWH, (SP-2)-PSWL, SPSP-2

PUSHU

post

{(UP—1)epostH, (UP-2) post,
UP«UP-2} x n times -

POP

sfrp

sfLe(SP), sfrHe—~(SP+1), SP«-SP+2

post

{postLe(SP), posthe(SP+1),
SP«SP+2} x n times

PSW

PSWL«(SP), PSWH(SP+1),
SP«8P+2

R R R RR

POPU

post

{postLe—(UP), postre—(UP+1),
UP«UP+2} x n times

MOVW

SP, #word

SP « word

SP, AX

SP « AX

AX, SP

AX « SP

INCW

SP

SP «SP +1

DECW

SP

DI O] N

SP e SP-1

Remark n in the stack manipulation instructions indicates the number of registers specified in post.
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Instruction set Mnemonic Operand Byte Operation Flag
S Z ACP/VCY
CHKL sfr 3 (Pin level) > (Signal level before p
Special output buffer)
CHKLA sfr 3 A « (Pin level) ~%*(Signal level P
before output butfer)
taddr16 3 PC « addr16
Unconditional rp1 2 PCH &« rpiH, PCL « rpiL
branch BR
{rp1] 2 PCH « (rp1 + 1), PCL « (rp1)
$addr16 2 PC « PC + 2 + jdisp8
BC
- $addr16 2 PC « PC + 2 + jdisp8 if CY = 1
BNC
—t $addri6 2 PC ¢ PC + 2 + jdisp8 if CY = 0
BZ
- $addr16 2 PC «- PC + 2 + jdisp8itZ =1
BNZ
—~ $addr16 2 PC « PC +2+jdisp8ifZ=0
BV
- $addr16 2 PC « PC + 2 + jdisp8 if P/V = 1
BNV
— $addr16 2 PC « PC + 2 + jdisp8 if P/V =0
BN $addr16 2 PC « PC + 2 + jdisp8 it S = 1
BP $addr16 2 PC « PC +2 +jdisp8ifS=0
BGT $addri6 3 PC « PC + 3 + jdisp8 if (P/V& S)/Z =0
Conditional BGE $addr16 3 PC « PC + 3 + jdisp8 if P/V %S =0
branch BLT $addr16 3 | PC & PC+3+disp8 if P/V¥S =1
BLE $addr16 3 PC « PC+ 3+ jdisp8 if (P/V~*S)/Z = 1
BH $addr16 3 PC «PC+3+jdisp8ifZVCY=0
BNH $addr16 3 PC « PC +3 +disp8ifZV CY = 1
saddr.bit, $addr16 3 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 PC « PC + 4 + jdisp8 if sfr.bit = 1
- A.bit, $addr16 3 PC « PC + 3 + jdisp8 if A.bit = 1
X.bit, $addr16 3 PC « PC + 3 + jdisp8 if X.bit = 1
PSWH.bit, $addr16 3 PC « PC + 3 + jdisp8 if PSWH.bit = 1
PSWL.bit, $addr16 3 PC « PC + 3 + jdisp8 if PSWL.bit = 1
saddr.bit, $addr16 4 PC « PC + 4 + idisp8 if (saddrbit) = 0
str.bit, $addr16 4 PC « PC + 4 + [disp8 if sfr.bit= 0
BF A.bit, $addr16 3 PC « PC + 3 + jdisp8 if Abit= 0
X.bit, $addr16 3 PC « PC + 3 + jdisp8 if X.bit = 0
PSWH.bit, $addri6 3 PC « PC + 3 + jdisp8 if PSWn.bit = 0
PSWL.bit, $addrt6 3

PC « PC + 3 + jdisp8 if PSWLbit = 0
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Flag
Instruction set Mnemonic Operand Byte Operation
§ Z ACP/VCY
saddr.bit, 4 PC « PC + 4 + jdisp8 if (saddr.bit)
$addr16 = 1 then reset (saddr.bit)
sfr.bit, $addr16 4 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
Adbit, $addr16 3 tF;]C « PC : :; .+ jdisp8 if A.bit = 1
BTCLR en reset A.bit
X.bit, $addr16 3 PC ¢ PC + 3 + jdisp8 if X.bit =1
then reset X.bit
PSWH.bit, 3 PC « PC + 3 + jdisp8 if PSWH.bit
$addr16 = 1 then reset PSWH.bit
PSWL.bit, 3 PC « PC + 3 + jdisp8 if PSWL.bit
. X X X X X
$addri6 = 1 then reset PSWL.bit
saddr.bit, 4 PC « PC + 4 + jdisp8 if (saddr.bit)
$addr16 = .bi
Conditional 0 then set {saddr.bit)
branch sfr.bit, $addr16 4 PC ¢« PC + 4 + jdisp8 if sfr.bit= 0
then set sfr.bit
A.bit, $addr16 3 PC « P(;+.3 + jdisp8 if A.bit =0
BESET then set A.bit
X.bit, $addr16 3 PC « PC + 3 + jdisp8 if X.bit= 0
then set X.bit
PSWH.bit, 3 PC « PC + 3 + jdisp8 if PSWH.bit
$addr16 = 0 then set PSWH.bit
PSWL.bit, 3 PC « PC + 3 + jdisp8 if PSWL.bit
. X X X X X
$addr16 = 0 then set PSWL.bit
r2, $addr16 2 ‘r2‘(-r'2—1,thenPC(—PC+2+
DBNZ jdisp8 ifrz+0
saddr, $addr16 3 (saddr) « (saddr) — 1, then PC &« PC
+ 3 + jdisp8 if (saddr) =0
PCH & R5, PCL & R4, R7 «
BRKCS RBn 2 PSWH, R6 « PSWL, RBS2 -0 «.
Context n,RSS «0,IE« 0
switching RETCS laddr16 3 PCH « RS, PCL « R4, RS, R4 R RRR R
addr16, PSWH « R7, PSWL « R6
RETCSB taddr16 4 PCH « RS, PCL « R4, R5, R4 « R RRRR

addr16, PSWH « R7, PSWL « R6
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EndifC=00rCY=0

Instruction set Mnemonic Operand Byte Operation Flag
S Z ACP/VCY
o e A 2 | gatooe
MOVM
|+ e
MOVEK [DE+], [HL+] > (525*.1‘; :*'éL+).C+—C—1
it |+ [Soere
[DE+], A 2 (E[:'Etz E:A(,)C «C-1
XCHM DEL A 2 (DE—.)HA,C"'C—1
EndifC=0
[DE+], [HL+] 2 (E?E? c? =(F;L+),C<—c-1
R R
e e fER
|+ [Grerente e e
I R RS
o | ¢ |Bnteite e v
CMPMNE o 2 g‘ai;i: <:r—ZC=~11 x x x V x
|+ e |eee v
CMPBKNE DR 2 (Eiiz;(::jé : 10—1_ x x x V x
e | ¢ | e
CMPMC o i (52‘?';;:: o(r_Cc\:(-:o x x x V x
glile 2 | Badoeomoro0 ok v x
CMPBKC e : gﬁﬁ;‘:‘gﬁ, gv:%—1 x x x V x
[DE-], [HL-] 2 (DE-) - (HL-), C « C - 1
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Flag
Instruction set Mnemonic Operand Byte Operation
S Z ACP/VCY
pean | e [BRere T e
CMPMNC peft=rortr=
[DE-], A 2 (DE_,)_A'CG_C_1 x x x V x
String End if C = 0 or CY =1
peaa | = [Bmomace Ly
CMPBKNC zooret e
(DE-], [HL-] 2 | (OE)-(HL) CeC 1 x x x V x
EndifC=00rCY =1
STBC, #byte 4 Note
MOV yt STBC « byte
WDM, #byte 4 WDM < bytgNote
SWRS 1 RSS «~ RSS
CPU control SEL REn 2 | RBS2:0¢<n,RSS <0
RBn, ALT 2 RBS2-0 « n, RSS « 1
NOP 1 No operation
El 1 |E « 1 (Enable interrupt)
DI i {E « 0 (Disable interrupt)

Note An op-code trap interrupt occurs if an invalid op-code is specified in an STBC or WDM register manipulation
instruction.

Trap operation:  (SP -~ 1) « PSWH, (SP - 2) «- PSWL,
(SP - 3) « (PC — 4)H, (SP —4) « (PC - 4),
PCiL « (003CH), PCH « (003DH),
SP«SP-4,IE«0
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10. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (TA = 25 'C)

Parameter

Symbol Conditions Rating Unit
Voo -0.51t0 +7.0 v
Supply voltage AVDD -0.5 to VDD+0.5 v
AVss —0.51t0+05 Vv
Input voltage Vi Note 1 -0.5 to Vpp+0.5 Vv
Output voltage Vo ~0.5 to Vop+0.5 v
Low-level output current loL Each pin 40 mA
Total of all output pins a0 mA
Each pin -1.0 mA
High-level output current loH
Total of all output pins -20 mA
Analog input voltage Vian Note 2 AVDD > VoD -0.5 to VoD+0.5 \
VoD 2 AVDD -0.5 to AVDD+0.5
A/D converter reference input voltage AVREF AVDD > VoD -0.5 to Voo+0.5 \'
Voo > AVoD —0.5 to AVDD+0.5
Operating ambient temperature TA -10 1o +70
Storage temperature Tetg -65 to +150

Notes 1.

Pins other than those listed below

2. P70/ANIO - P77/ANI7 and P80/ANI8 - P87/ANI15

Caution

Absoluvte maximum ratings are rated values beyond which some physical damages may be %

caused to the product; if any of the parameters in the table above exceeds its rated value even
for a moment, the quality of the product may deterlorate. Be sure to use the product within the

rated values.

RECOMMENDED OPERATING CONDITIONS

Oscillator frequency Ta Voo
8 MHz £ fxx £ 16 MHz -10to +70 °C +50VX10%
CAPACITANCE (TA = 25 *°C, V55 = VDD = 0 V)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input capacitance Ci 20 pF
P f=1MHz
Output capacitance Co 20 pF
0 V on pins other than measured pins
110 capacitance Cio 20 pF
B 427525 0086753 K98 1B 93
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OSCILLATOR CHARACTERISTICS (TA = ~10to +70 ‘C, VbD = +5§ V +10 %, Vs5 = 0 V)

Oscillator Recommended circuit Parameter Min. Max. Unit
Ceramic or crystal Oscillator frequency (fxx) 8 16 MHz
oscillator

X2 X1 Vss
i |
1
i |
I
| == C2 ct |
i
I :
! |
G
T
External clock X1 input frequency (fx) 8 16 MHz
HOMOS X1 input rise and fall times 0 20 ns
(txn, txr)
or
Open
X1 input high- and low-level 25 80 ns
HCMOS widths (twxH, twxe)
inverter
Caution When using the system clock generator, run wires enclosed in broken lines (:__ ") according

to the following rules to avoid effects such as stray capacitance:

¢ Minimize the wiring. -

* Never cause the wires to cross other signal lines or run near a line carrying a large varying
current.

+ Cause the grounding point of the capacitor of the oscillator circuit to have the same potential
as Vss. Never connect the capacitor to a ground pattern carrying a large current.

* Never extract a signal from the oscillator.
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DC CHARACTERISTICS (TA=—-10t0o +70 'C, VoD = +5 V £10 %, Vss = 0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Low-level input voltage ViL 0 0.8 Vv
Vs Note 1 2.2
High-level input voltage v
ViHz Note 2 0.8VoD
Low-level output voltage Vou oL = 2.0 mA 0.45
High-level output voltage VOH loH = —400 gA Voo - 1.0 \'
Input leakage current u 0V gVigVoo +10 UA
Analog pin input leakage
current ILIAN Note3 | 0 V € Vi £ AVREF +1 UA *
Output leakage current o 0V gVogVop +10 HA
Iops Operation mode 55 80 mA
Voo supply current
ipo2 HALT mode 25 45 mA
Data retention voltage VDDDR | STOP mode 25 v
. VODDR = 2.5 V 2 15 HA
Data retention current lobDR STOP mode
VDODR = 5.0 V10 % 10 50 uA
inverted SBF voltage VDDFR 0.9 14 2.4 \

Notes 1. Pins other than those listed below
2. RESET, X1, X2, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2, P24/INTP3, P25/INTP4, P26/INTP5,
P27/INTP6/TI, P32/SO/SBO, P33/SI/SB1, and P34/SCK
3. P70 - P77, P80 - P87 (pins used as analog inputs only when operating during non-sampling)
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AC CHARACTERISTICS (TA =-10to +70 °C, VDb = +5 V 10 %, Vss = 0 V, CL = 100 pF)

Discontinuous Read/Write Operation (When the General Memory is Connected)

Parameter Symbol Conditions Min. Max. Unit

System clock cycle time tevk 125 250 ns
Address setup time (referred to ASTB 1) tsasT 22 ns
Address hold time (referred to ASTB {) tisTa 32 ns
Delay from address to RD 4 toan 85 ns
Address float time (referred to RD ) trRA 10 ns
Delay from address to data input toap 222 ns
Delay from RD . to data input torio 112 ns
Delay from ASTB | to RD { tostR 42 ns
Data hold time (referred to RD 1) tHRiD 0 ns

_Beflay from BD T to address active tora 50 ns
RD low-level width twae 157 ns
ASTB high-level width twsTH 37 ns
Delay from address to WR 4 toaw 85 ns
Delay from ASTB { to data output toston 102 ns
Delay from WR ! to data output towon 40 ns
Delay from ASTB | to WR { tosTw 42 ns
Data setup time (referred to WR 1) tsoow 137 ns
Data hold time (referred to WR 1) twop 22 ns
Delay from WR T to ASTB T towst 42 ns
WR low-level width twwi 147 ns
Higher order byte address hold time tHRHA 27 ns
{referred to RD 1)
Higher order_ﬂte address hold time tHwHA 27 ns
(referred to WR T) .

Clock

Parameter Symbol Conditions Min. Max. Unit

CLKOUT low-level width twit 42 ns
CLKOQUT high-level width twicrt 42 ns
CLKOUT rise time tak 15 ns
CLKOUT fall time trx 15 ns
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tcyk-Dependent Bus Timing Definition

Symbol Formula Min./Max. Unit
tsast 0.5T - 40 Min. ns
tHsTA 0.5T - 30 Min. ns
toan T-40 Min. ns
toaip (25+n)T-~90 Max. ns
tori0 (1.5+n)T-75 Max. ns
tosTR 0.5T - 20 Min. ns
tora 0.5T - 12 Min. ns
twaL (15+n)T-30 Min. ns
twsH 0.5T-25 Min. ns
toaw T - 40 Min. ns

toston 0.5T + 40 Max. ns
tostw 0.5T - 20 Min. ns
tsoow 1.5T - 50 Min. ns
thwoo 0.5T - 40 Min. ns
towsT 0.5T - 20 Min. ns
twwi (1.5+n) T-40 Min. ns

- tHAHA 0.5T-35 Min. ns
tHwHa 05T - 35 Min. ns
twice 0.5T - 20 Min. ns
twicH 0.5T - 20 Min. ns

Remarks 1. T = tovk = 1/fek (fowk is the internal system clock frequency.)
2. n represents the number of wait cycles specified by the user software.

3. The items listed above are dependent on tcyk.

IR L4y27525 008L?57 233 1M
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Serial Operation (TA =~10to +70 'C, VoD = +5 V £10 %, Vss = 0 V)

Parameter Symbol Conditions Min. Max. Unit
SCK output Internal, divided by 8 1 ms
Serial clock cycle time fovsx —
SCK input External clock 1 ms
SCK output Internal, divided by 8 420 ns
Serial clock low-level width twskL =
SCK input External ¢clock 420 ns
SCK output Internal, divided by 8 420 ns
Serial clock high-level width twskH —
SCK input External clock 420 ns
S| setup time (to SCK T) tsnxsk - 80 ns
St hold time (to SCK 1) tHskRX 80 ns
SCK | — SO delay time tosktx | R=1kQ, C =100 pF 210 ns

tevx-Dependent Serial Operations

Symbol Conditions Formula Min./Max. Unit
tovex SCK output Internal, divided by 8 8T Min. ns
SCK input External clock 8T Min. ns
SCK output Internal, divided by 8 4T - 80 Min. ns
s SCK input External clock 4T - 80 Min. ns
- SCK output Internal, divided by 8 4T - 80 Min. ns
8CK input External clock 4T - 80 Min. ns

Remarks 1. T = tcvk = 1/fck (fowk is the internal system clock frequency.)
2. The items listed above are dependent on tcvx.
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Other Operations (TA = —-10to +70 'C, VDD = +5 V £10 %, Vss = 0 V)

Parameter Symbol Conditions Min. Max. Unit
NM! higtvlow level width twiiH, twhi Excluding analog noise 4 s
NMI rise/tall time trni, teni 0 400 ns
INTPO high/low level width twion, twiol 1 us
INTP1 high/low level width twitH, twise 1 s
INTP2 high/low level width twizH, twiat 1 us
INTP3 high/low level width twizn, twiaL 1 us
INTP4 highflow level width twien, twia 1 us
INTP5 highflow level width twish, twist 1 us
INTP6 high/low level width twieH, twisL 1 us
RESET high/low level width twasH, twast | Excluding analog noise 3.5 us
T! high/low level width twrim, twriL 1 us
Eliminated 70 ns
NMI analog noise width twnip
Passed 4 us
RESET analog noise width Fliminated twhsp I ne
Passed 3.5 us
Voo riseffall time tavp, tFvp 200 us
Other tcvk-Dependent Operations
Symbol Formula Min./Max. Unit
twioH 8T Min. ns
twioL 8T Min. ns
twitn 8T Min. ns
twii 8T Min. ns
twizn 8T Min. ns
twiaL 8T Min. ns
twiad 8T Min. ns
twial 8T Min. ns
twian 8T Min. ns
twiaL 8T Min. ns
twism 8T Min, ns
twisL 8T Min, ns
twien 8T Min. ns
twisL 8T Min. ns
twriH 8T Min. ns
twic 8T Min. ns

Remarks 1. T = tcvk = 1/fcwk (fewk is the internal system clock frequency.)
2. The items listed above are dependent on tcvk.
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A/D CONVERTER CHARACTERISTICS
(TA=-1010 +70 °C, VDD = +5 V +10 %, Vss = AVss =0 V, VDD — 0.5 V< AVDD £ VoD)

Parameter Symbol Conditions Min. Typ. Max. Unit

Resolution 10 bit

4.5 V £ AVREF < AVDD 0.4 %FSR
Total errorNote 1

3.4 V £ AVREF £ AVDD +0.7 %FSR
Quantization error +1/2 LSB
Conversion time teony 144 tevk
Sampiling time tsamp 24 tovk

4.5 V £ AVREF £ AVDD +1.5 +2.5 LsB
Zero-scale calibrationNote 1

3.4 V £ AVREF £ AVDD +1.5 4.5 LSE

4.5 V £ AVREF £ AVDD +1.5 +2.5 LSB
Full scale calibrationNote 1

3.4 V < AVRer £ AVDD +1.5 +4.5 LsB

4.5V < AVREF £ AVDD £1.5 12,5 LSB
Nonlinearity calibrationNote 1

3.4 V £ AVreF £ AVDD +1.5 +4.5 LSB
Analog input voltageNete 2 VIAN -0.3 AVpD v

Nonsampling 10 MQ
Analog input impedance RAN

Sampling Note 3
Reference voitage AVREF 3.4 AVop Vv
AVREF current AlRer 1.0 3.0 mA
AVDD supply current Aipp Operation mode 2.0 6.0 mA
A/D converter data retention Aoooa | STOP AVDDDR = 2.5 V 2.0 15 pA
current : mode | AVpppr=5V £10 % 10 50 A

Notes 1. Quantization error is excluded.
2. When —0.3 V £ Vian 5 0 V, the conversion result is O0H.
When 0 V < Vian € AVrer, the voltage is converted with a 10-bit resolution.
When AVRrer € Vian s AVop, the conversion result is 3FFH.
3. During sampling, the analog input impedance is equal to that of the following equivalent circuit.
(The Fig. shows typical values. These values may not be correct for your application.)

20 kQ
Analog input pin - _]_ A

30 pF

(Including -IW_
input

capacitance)

10 pF

AC Timing Test Points

Vo
0.8Vopor22V 0.8Vopor2.2V
Test points
08V 0.8V

ov
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Discontinuous Read Operation

(CLK) _7

| S VY A N A N A

- 7
z:su.gpu’:')s-, >§z Higher order byte address _PX_Higher order byte address
- X o toaio tHRHA —=
re—[SAST
P40 - P47 Hi-Z ¥~ Loweromerbyte M Hi-Z : Hi-Z Lower order byte Hi-Z
(nputioutputy "~~~ T 2 adress oupwy P~~~ S Data (nput) K _sooress foupu)
| twsTH tHRID —
ASTB / \
(output) N
[e— tHSTA —
tFRA
AD - 1
(output) 1 |
hae— tDSTR 3~
{oRID toRa
o toar
twRL

Discontinuous Write Operation

P50 - P57 >§{ . \K .
(output) < Higher order byte address X Higher order byte address
—tsasT - I«— thwa —>
P40 - P47 ¥ Lower arder byte \§< ) >§l Lower order byte
(input/output) >§( address (output) Undefined N Data (output) address (output)
t—twsTH e tHWOD
ASTB
(output) N
|t tHSTA —] L towsT _,I
[ {DSTOD ————
WR X .
(output) L

te— tosTW

e {DAW e

|«—— towoD —-{ee—— tSODW ~——p
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Interrupt Input Timing

NMI

INTPn

teni
twniH S twii >

0.8Voo

b

]
o8v
e

twinL >

o

Remark n=0to6

Reset Input Timing

RESET

Tl Pin Input Timing

Ti

102

twRsH twrsL
0.8Voo
08V
'[ twrin g’ twn !
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Serial Operation

|t twsKH
lae—— twsKL ——]
< __/ \ i e
| U
toskTx —=

SO X

S| >§F
{srxsk

Clock

CLKOUT

External clock

: F\_jﬁd—\f

Data hold timing

90%

Voo 10 % Vooor

trvo

103
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11. CHARACTERISTICS CURVE (REFERENCE)

loo1 vs fxx

(TA=25"C,Voo=5V)

80

70
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40- /

Vob power supply current IDDs [mA]

>

30_

20-

10~
0_..‘............
0 4 8 12 16 20

Oscillator frequency fxx [MHz]

loo1vs Ta

(fclk = 8 MHz, Vop = 5 V)

<0
o

~
o

[*2]
o

TS~ TYP.

[4]
(=]

(]
o

20

Vob power supply current b1 [mA]
»H
o

=50 0 50 100 150
TA['C)
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Low-tavel output current lo.. [mA]

4.0

3.0

2.0

1.0

Vob power supply current ibbt [mA]

80

70

60

50

40

30

20

10

4.0

lop1 vs Voo

(Ta=25"C, fok = 8 MHz)

45 5.0 55 6.0
Power supply voltage Vop [V]

loLvs VoL
(TA=25'C,Vop=5V)
TYP.
//
0 0.1 0.2 0.3 0.4 05

Low-level output voitage VoL [V]
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106

lot vs (Voo - Vor)

(TA=25°C, Voo =5 V)

TYP.

-800 /
: /
2
5 -600
; /
S
5
[3]
: /
£ 400
o
: /
3
= /
=) /
T -200

0

0.2 0.4 0.6 0.8 1.0

Power supply voltage — high-level output voitage Voo — Vor [V]
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12. PACKAGE DIMENSIONS
84-pin QFJ (1150 x 1150) (units: mm)

. 30.240.2
29.28
jnlalalelcal el elelle@e] U o U o o Y T e O e O e B o B o B e |
[ ]
1 i}
1 1
1 ]
0 1
1 ]
O i
[ ]
O 1
84 I o |
g+ O + | 13
1 i &
g 1
1 1
O 1
0 ]
[ 1]
O 1
1 1
[ 1
0 ]
Ld L W LI L L) Ld LJd L) 1.1..! | S Jap GNN Gy U0 G U6 Rap G4 M TGS Ry SN0 Ray VN R NN Ry e | .
« 06 1.9440.15
o~ —
3 ﬂ | | | ! ! g
<ol
i RO.8
Z 127 710.15
= 0.40:0.10 (] 0.12 @]
(=] -
28.20+0.20 ‘ '
P84L-50A3-2
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94-PIN PLASTIC QFP (SQUARE-TYPE 20) (UNITS: mm)

94 PIN PLASTIC QFP ([J20)

A
B

i EEHHHHHHHEEEIPHHHHHHHHHEE
72 47

F2

lilili

detail of lead end

——E T
L A

¥
le] ja s
- 84 24
W 1 23
Gz
G HSL | ® [ J]
| K
N i
- 3 =
N L
NOTE ITEM MILLIMETERS  INCHES
?ach lead ge_nterlme is Iocatqd within 0.1 5 mm (0_.906 inch) of A 23.950.4 0.91 318.81 ‘75
its true position (T.P.) at maximum material condition. :
+0.009
B 20.0+0.2 0.787X5'503
+(0.009
c 20.0£0.2 0.78725°008
+0.017
D 23.220.4 091335514
F1 ~1.6 0.063
Fa 0.8 0.031
Gi1 1.6 0.063
G2 0.8 0.031
+0.004
H 0.35x0.10 0.01415708
I 0.15 0.006
J 0.8 (T.P.) 0.031 {T.P.)
K 1.610.2 0.063x0.008
+0.009
L 0.8+0.2 0.03125558
0.10 +0.004
M 0.15:3-42  0.00613:683
N 0.10 0.004
P 3.7 0.146
Q 0.1x0.1 0.004+0.004
R 5°15° 5°45°
S 4.0 MAX. 0.158 MAX.
$94GJ-80-5BG-3
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13. RECOMMENDED SOLDERING CONDITIONS

The following conditions (see table below) must be met when soldering this product.
For the details of the recommended soldering conditions refer to our document SMT MANUAL (IE-1207).

Please consult with our sales offices in case other soldering process is used, or in case soldering is done under

different conditions.

Table 13-1 Soldering Conditions for Surface-Mount Devices

uPD78330GJ-SBG : 94-pin plastic QFP (20 x 20 mm)
uPD78334GJ-xxx-5BG : 94-pin plastic QFP (20 x 20 mm)
uPD78330LQ : 84-pin plastic QFJ (square-type 1150 mil}
uPD78334LQ-xxx : 84-pin plastic QFJ (square-type 1150 mil)
Soldering process Soldering conditions Symbol
Infrared ray reflow Peak package's surface temperature: 230 'C IR30-107-1

Reflow time: 30 seconds or less (at 210 "C or more)
Number of reflow processes: 1
Exposure limitNote: 7 days

(10 hours of pre-baking is required at 125 *C afterward.)

VPS Peak package's surface temperature: 215 °'C VP15-107-1
Reflow time: 40 seconds or less (at 200 ‘C or more)
Number of reflow processes: 1
Exposure limitNote: 7 days

(10 hours of pre-baking is required at 125 *C afterward.)

Partial heating method | Terminal temperature: 300 'C or less -
Heat time: 3 seconds or less (one side per device)

Note Exposure limit before soldering after dry-pack package is opened.
Storage conditions: Temperature of 25 'C and maximum relative humidity at 65 % or less

Caution Do not apply more than a single process at once, except for "Partial heating method.”

B 427525 008bL7LY TS5 WA
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APPENDIX A DIFFERENCES BETWEEN THE yPD78334, uPD78330 AND THE uPD78322, uPD78320

Product
ltem

uPD78322 pPD78320

Number of basic instructions

111

Minimum instruction execution

250 ns (when internal clock operates at 8 MHz or when external clock operates at

time 16 MHz)
ROM 32768 x 8 bits - 16384 x 8 bits -
Internal memory
RAM 1024 x 8 bits 640 x 8 bits
Memory space 64K bytes
Input 24 (analog input: 16) 16 (analog input: 8)
/O line Output -
T} 46 ‘ 28 39 21
¢ 18/16-bit timer/counter : 1 ¢ 18/16-bit free running timer : 1
18/16-bit compare registers : 5 * 16-bit timer/event counter : 1
18/16-bit capture registers : 3 * 16-bit compare registers : 6
18/16-bit capture/compare registers: 2 ¢ 18-bit capture registers : 4
Real-time pulse unit ¢ 16-bit timers/counters : 3 « 18-bit capture/compare registers: 2
16-bit compare registers : 5 * Real-time output ports : 8
16-bit capture register : 1
¢ Timer outputs : 5
* Programmable pulse outputs : 6

Serial communication
interface

¢ Dedicated baud rate generator : Provided

o UART: 1 channel

e SBI .
* Three-wire serial /O }

1 channel

A/D converter

10-bit resolution, 16 inputs

10-bit resolution, 8 inputs

Interrupt

* External: 8, internal: 14 (also external: 2)
« 3-level programmable priority

* Three processing modes: Vectored interrupt function, context switching function, and
macro service function

Test source

Internal: 1

Instruction set

Much more instructions are added as compared with the uPD78312 and xPD78310.

Other specifications

+ Watchdog timer: Provided
» Standby function (STOP/HALT)

Package

* 84-pin plastic QFJ (square-type 1150 mil)
* 94-pin plastic QFP (20 x 20 mm)

* 68-pin plastic QFJ (square-type 950 mil)
¢ 74-pin plastic QFP (20 x 20 mm)
« 80-pin plastic QFP (14 x 20 mm)

110
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APPENDIX B TOOLS

B.1 DEVELOPMENT TOOLS

The following tools are provided for developing a system that uses the uPD78334:

Language processor

78K/ series relocatable assembler
(RA78K/IN)

This relocatable program can be used for all 78K/lil series emulators. With its
macro functions, it allows the user to improve program development efficiency.
A structured-programming assembler is also provided, which enables explicit
description of program control structures. This assembler could improve produc-
tivity in program production and maintenance.

Host machine Part number
0s Distribution media

PC-9800 series | MS-DOS™ | 3.5-inch 2HD USSA13RATBK3
5.25-inch 2HD LS5A10RA78K3

IBM PC/AT™M or { PC DOS™ | 8.5-inch 2HC 4S7B13RA78K3

compatibles 5.25-inch 2HC uS7B10RATSK3

HP9000 series HP-UXTM DAT uS3P16RA7BK3

700™

SPARCstation™ SunOS™ Cartridge tape 1S3K15RA78K3

NEWST™ NEws-osTM | (Q1C-24) #S3R15RA78K3

78K/l series C compiler
(CC78K/I)

microcomputer.

This C compiler can be used for all 78K/l series emulators. The compiler
converts programs written in C language into object codes executable on the
When the compiler is used, the 78K/lil series relocatable
assembler package (RA78KAII) is needed.

Host machine Part number
0s Distribution media

PC-9800 series MS-DOS 3.5-inch 2HD #SSA13CC78K3
5.25-inch 2HD HUSEA10CC78K3

IBM PC/AT or PC DOS 3.5-inch-2HC uS7813CC78K3

compatibles 5.25-inch 2HC ©STB10CCT8K3

HPS8000 series HP-UX DAT uS3P16CC78K3

700

SPARCstation Sun0S Cartridge tape #S3K15CC78K3

NEWS NEws.os | (@C-24) 4S3R15CCTEK3

Remark It is guaranteed that the relocatable assembler and C compiler run only under the OSs on the
corresponding host machines described above.

M b427525 0086771 LO3 mA
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PROM programming tools

Hardware | PG-1500 The PG-1500 PROM programmer is used together with an accessory board and
optional program adapter. It allows the user to program a single chip microcom-
puter containing PROM independently or from a host machine. The PG-1500 can
be used to program typical 256K-bit to 4M-bit PROMSs.

UNISITENote 1 PROM programmer manufactured by Data 10 Japan.
290QNote 1
agooNote 2
R4g45Note 1 PROM programmer manufactured by Advantest Corporation. Use the PROM
R4g5oNote 3 programmer and an optional socket adapter in combination.
For R4945 socket adapter: R49451A
For R4952 socket adapter: R48512B
PKW-1100+RX-1Note 4 PROM programmer manufactured by AVAL Data Corporation
RKW-3100+ADAPTER B mkll
Note 4
PA-78P334GJ Programmer adapter for writing programs to the uPD78P334. Used with a PROM
PA-78P334LQ programmer such as the PG-1500..
PA-78P334KM PA-78P334GJ: For the 94-pin plastic QFP
PA-78P334KWNote 5 PA-78P334LQ: For the B84-pin plastic QFJ
PA-78P334KM: For the 94-pin ceramic WQFN
PA-78P334KW: For the 84-pin ceramic WQFN

Software | PG-1500 controller This program enables the host machine to control the PG-1500 through the serial
and parallel interfaces.

Host machine : Part number
0s Distribution media

PC-9800 series MS-DOS 3.5-inch 2HD US5A13PG1500

5.25-inch 2HD USSA10PG1500

IBM PC/AT or PC DOS 3.5-inch 2HD uS7B13PG1500

compatibles 5.25-inch 2HC pSTB10PG1500

Notes 1. pPD78P334KM-S programming is under evaluation.

2. Under evaluation.

3. pPD78P334GJ-5BG, uPD78P334KM-S and uPD78P334KW programming is under evaluation.
4. uPD78P334GJ-5BG, uPD78P334LQ and uPD78P334KM-S programming is under evaluation.
5. The former product, PA-78P334KE, can also be used.

Remark It is only guaranteed that the software operates under the OSs on the corresponding host machines
described above.
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Debugging tools

program

automatic command execution function ensures more efficient debugging.

Hardware | IE-78330-R In-circuit emuiator for developing and debugging an application system. For debugging,
connect the emulator to the host machine.
EP-78330GJ-R Emulation probe for connecting the |E-78330-R to the target system. Used for the 94-pin
plastic QFP.
EV-9200G-94 One EV-9200G-94 conversion socket is provided for connection to the target system.
EP-78330LQ-R Emulation probe for connecting the |E-78330-R to the target system. Used for the 84-pin
plastic QFJ.
Software | |E-78330-R control | This control program allows the user to control the IE-78330-R from the host machine. Its

(IE-controller)

Host machine Part number
0s Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD #S5A13IE78330
5.25-inch 2HD | uSS5A10IE78330
IBM PC/AT or PC DOS 3.5-inch 2HC uS7B13IE78330
compatibles 5.25-inch 2HC | 1S7B10IE78330

Remark |t is only guaranteed that the software operates under the OSs on the corresponding host machines

described above.
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Configuration of development tools
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B.2 EVALUATION TOOLS

The following evaluation tools are provided for evaluating the function of the uPD78334:

Part number Host machine Function
EB-78330-98 PC-9800 series When thle evaluation fool is connected to the host machine, the functions of the yPD78334
can easily be evaluated. As the command system of the EB-78330-98/PC conforms to that
IBM PC/AT or | Of the |E-78330-R, the migration can easily be made to the development of the application
EB-78330-PC | o mpatibles | System with the IE-78330-R.

Cautions 1. These products are not development tools for the application system that uses the uPD78334.
2. These products do not have an emulation function used during the execution of the program
in internal ROM for the uPD78334.

B.3 EMBEDDED SOFTWARE

To improve the efficiency of program development and simplify the maintenance of systems incorporating this
microcontrolier, the following embedded software is provided.

Real-time OS
Real-time OS This operating system was designed to provide a muiltitasking environment for control
(RX78K/N) applications that require real-time processing. System performance is improved by using

the idling CPU for other processing.
RX78K/Il provides system calls that conform to uITRON specifications.

The RX78K/II package provides the RX78K/IHl nucleus and a tool (Configurator) that is used
for creating multiple information tables.

Host machine ——— - Part number
0s Distribution media
3.5-inch 2HD HS5A13RX78320
PC-9800 series MS-DOS
5.25-inch 2HD uSSA10RX78320
IBM PC/AT or PC DOS 3.5-inch 2HC uS7B13RX78320
compatibles 5.25-inch 2HC 1S7B10RX78320

Caution Before purchasing this software, complete the purchase application sheet and sign the software
license agreement.

Remark To use the RX78K/lli real-time operating system, the optional RA78K/1ll assembler package is required.
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Fuzzy inference development support system

Tool for creating fuzzy
knowledge data
(FES000, FE9200)

This program supports the input/editing and simulation of fuzzy knowledge data (fuzzy rules
and membership functions).

H hi Part number
ost machine oS Distribution media
3.5-inch 2HD LS5A13FE9000
PC-9800 series | MS-DOS
5.25-inch 2HD LS5A10FE9000
IBM PC/AT or e bos | w _ | 35-inch 2HC 1S7B13FE9200
. P indows
compatibles 5.25-inch 2HC 1S7B10FES200

Translator
(FT78K3)Note

This program converts fuzzy knowledge data, obtained using the tool for creating fuzzy

knowledge data, into an assembler source program for RA78K/IL.

Fuzzy inference module
(F178K/11[)Note

Host machine Part number
0§ Distribution media
3.5-inch 2HD uS5A13FT78K3
PC-9800 series MS-DOS
5.25-inch 2HD #S5A10FT78K3
IBM PC/AT or PC DOS 3.5-inch 2HC #S7B13FT78K3
compatibles 5.25-inch 2HC uSTB1OFT78K3
This program performs fuzzy inference by linking the fuzzy knowledge data converted by
Translator.
Host machine e - Part number
0s Distribution media
3.5-inch 2HD uS5A13FI78K3
PC-9800 series MS-DOS
5.25-inch 2HD USS5A10FI78K3
IBM PC/AT or PC DOS 3.5-inch 2HC uS7B13FI78K3
compatibles 5.25-inch 2HC 4STB10FI78K3

Fuzzy inference debugger
(FD78K/III)

This software supports the evaluation and adjustment of fuzzy knowledge data at the
hardware level, by using an in-circuit emulator.

Host machine - Part number
oS Distribution media
3.5-inch 2HD US5A13FD78K3
PC-9800 series MS-DOS
5.25-inch 2HD US5A10FD78K3
IBM PC/AT or PC DOS 3.5-inch 2HC uS7B13FD78K3
compatibles 5.25-inch 2HC uSTB10FD78K3

Note Under development

116

IR Lu2?525 008677k 195 M




NEC 1PD78330, 78334

Cautions on CMOS Devices

(D Countermeasures against static electricity for all MOSs

Caution When handling MOS devices, take care so that they are not electrostatically charged.
Strong static electricity may cause dielectric breakdown in gates. When transporting or storing
MOS devices, use conductive trays, magazine cases, shock absorbers, or metal cases that NEC
uses for packaging and shipping. Be sure to ground MOS devices during assembling. Do not
allow MOS devices to stand on plastic plates or do not touch pins.
Also handle boards on which MOS devices are mounted in the same way.

(@ CMOS-specific handling of unused input pins
Caution Hold CMOS devices at a fixed input level.
Unlike bipolar or NMOS devices, if a CMOS device is operated with no input, an intermediate-
level input may be caused by noise. This allows current to flow in the CMOS device, resulting
in a malfunction. Use a pull-up or pull-down resistor to hold a fixed input level. Since unused

pins may function as output pins at unexpected times, each unused pin should be separately
connected to the Voo or GND pin through a resistor.

If handling of unused pins is documented, follow the instructions in the document.

(3@ Statuses of all MOS devices at initialization

Caution The initial status of a MOS device is unpredictable when power is turned on.
Since characteristics of a MOS device are determined by the amount of ions implanted in
molecules, the initial status cannot be determined in the manufacture process. NEC has no
responsibility for the output statuses of pins, input and output settings, and the contents of
registers at power on. However, NEC assures operation after reset and items for mode setting
it they are defined.
When you tum on a device having a reset function, be sure to reset the device first.

MS-DOS and Windows are trademarks of Microsoft Corporation.

PC/AT and PC DOS are trademarks of IBM Corporation.,

HPS000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

NEWS and NEWS-OS are trademarks of SONY Corporation.

TRON stands for The Realtime Operating system Nucleus.

ITRON stands for industrial TRON.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard”, “Special”, and “Specific”. The Specific quality grade applies only to devices developed based on
a customer designated “quality assurance program” for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact NEC Sales Representative in advance.
Anti-radioactive design is not implemented in this product.

M4 94.11
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NEC

NEC Electronics Inc.

For literature, call toll-free 7 a.m. to 6 p.m. Pacific time: 1-800-366-9782
or FAX your request to: 1-800-729-9288

CORPORATE HEADQUARTERS*

2880 Scott Boulevard

P.0. Box 58062

Santa Clara, CA 95052-8062
TEL 408-588-6000

* As of September 3, 1996

©199€ NEC Electronics inc./Printed in U.S.A.
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No part of this document may be copied or reproducedin any form or by any means without prior written consert of NEC Electronics Inc. (NECEL).
The information in this document is subject to change without notice. ALL DEVICES SOLD BY NECEL ARE COVERED BY THE PROVISIONS
APPEARING IN NECEL TERMS AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATION OF LIABILITY, WARRANTY, AND
PATENT PROVISIONS. NECEL makes no warranty, express, statutory, implied or by description, regarding information sat forth herein or
regarding the freedom of the described devices from patent infringement. NECEL assumes no responsibility for any errors that may appear in
this document. NECEL makes no commitments to update or to keep current infermation contained in this document. The devices listed in this
document are not suitable for use in applications such as, but not limited to, aircraft control systems, asrospace equipment, submarine cables,
nuclear reactor control systems and life support systems. *Standard” quality grade devices are recommended for computers, office equipment,
communication equipment, test and measurement equipment, machine tools, industrial robots, audio and visual equipment, and other consumer
products. For automotive and transportation equipment, traffic control systems, anti-disaster and anti-crime systerns, it is recommendad that the
customer contact the responsible NECEL salesperson to determine the reliability requirements for any such appiication and any cost adder.
NECEL does not recommend or approve use of any of its products in kfe support devices or systems or in any application where failure couid
result ininjury or death. If customers wish to use NECEL devices in applications not intended by NECEL, customer must contact the responsile
NECEL sales people to determine NECEL's willingness to support a given application.
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