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NEC | MOS INTEGRATED CIRCUIT

uPD78363A,78365A,78366A

16/8-BIT SINGLE-CHIP MICROCONTROLLERS

DESCRIPTION
uPD78366A is provided with a high-speed, high-performance CPU and powerful operation functions. Unlike the
existing uPD78328, uPD78366A is also provided with a high-resolution PWM signal cutput function which substantially
contributes to improving the performance of the inverter control.
A PROM model, uPD78P368A, is also available.
Detailed functions, etc. are described in the following user's manual. Be sure to read the manual to design systems.
#PD78366A User’'s Manual Hardware: U10205E
uPD78356 User's Manual : IEV-1395

FEATURES
* Internal 16-bit architecture, external 8-bit data bus
* High-speed processing by pipeline control method and high- speed operating clock
+ Minimum instruction execution time: 125 ns (internal clock: at 16 MHz, external clock: 8MHz)
* Real-time pulse unit for inverter control
* 10-bit resolution A/D converter: 8 channels
* 8-/9-/10-/12-bit resolution variable PWM signal output function: 2 channels
« Powerful serial interface: 2 channels
* Internal memory:
ROM: none (uPD78365A)
24K bytes (uPD78363A)
32K bytes (uPD78366A)
RAM: 768 bytes (uPD78363A)
2K bytes (uPD78365A, 78366A)

APPLICATION EXAMPLES
+ Inverter air conditioner
- Factory automation fields, such as industrial robots and machine tools.

ORDERING INFORMATION

Part Number Package Internal ROM
uPD78363AGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78365AGF-3B9 80-pin plastic QFP (14 x 20 mm) None
uPD78366AGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM

Remark xxx indicates a ROM code number.
Unless otherwise specified, the functions and performances of the uPD78366 are described throughout this document.

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

Document No. U11109EJ1V0DS00 (1st edition) The mark x shows major revised points.
(Previous No. 1P—3684)

Date Pubiished April 1996 P © NEC Corporation 1995



NEC uPD78363A, 78365A, 78366A

78K/l Series Product Development

uPD78372 subseries (for controt application in OA and FA fields)

Reinforced timer,

4PD78366A subseries
A/D added

TPD78365 #PD78363A

LPD78366 4PD78365A
4#PD78362ANOte  ,pD78366A

£PD78P364ANOte ;PD78P3EBANOE

Pulse output function
for inverter control,
expanded ROM, RAM

(for inverter)

pPD783586 subseries

pPD78352A subseries

A/D, D/A relative instruction
added, expanded ROM, RAM

(for camera, HDD}

(for HDD)}

High-performance CPU,
sum-of-products instruction added

Reinforced timer and

A/D, expanded ROM
and RAM

#PD78334 subseries

(for control application in OA and FA fields)

Pulse output function
for inverter control

#PD78322 subseries

High-speed, multi-function,
reinforced interrupt,
10-bit A/D

pPD78328 subseries

{for control application in OA and FA fields) (for inverter)
uPD78312A subseries

(for control application in OA and FA fields)

Note Under development

M Lu427525 0084894 207 WE



NEC uPD78363A, 78365A, 78366A

PIN CONFIGURATION (TOP VIEW)

*+ 80-pin plastic QFP (14 x 20 mm)
pPD78363AGF-xxx-3B9, 78365AGF-3B9, 78366AGF-xxx-3B9

8 38 Y8 535 8 o © T ® o o~
CERgR2, ERZIzEZEZE
8 I8 x8Hh38533588BF3
L oo a aao< o & & a o o a oo
8079 7877 76 75 74 73 72 71 70 69 68 67 66 65
Vss o0—7] 4 84 |~—e0 P52/A10
POO/RTP0 Ol 2 '®) 63 le—>0 P51/A9
POI/RTP1 O] 3 62 la—w0 P50/A8
PO2/RTP2 O~—nf 4 61 fe—=0 P47/AD7
PO3/RTP3 O0=—w{ 5 80 fe—=0 P46/ADS
PO4/PWMO O=—»] 6 59 fe—=0O P45/AD5
POS/TCUD/PWM1 Qe—=t 7 58 |=—0 P44/AD4
POS/TIUD/TO40 O=—wi 8 57 f«—=0 P43/AD3
PO7/TCLRUD O=—»] 9 56 je—=0 P42/AD2
WDTO o=— 10 55 e—=0 P41/AD1
iIc o— 11 54 f«—=0 P40/ADO
Voo O0——— 12 53 b——0 Vss
Vss O——— 13 82 |——0 Vm
X1 O—={ 14 51 ——0 AVoo
X2 o——y1 15 50 je——0 AVrer
MODE1 o— =} 16 49 fae——0 P77/ANI7
RESET O—] 17 48 l«— 0 P76/ANIS
P30/TxD0 O=—] 18 47 le——0 P75/ANIS
P31/RxD0 O~=—w] 19 46 |«——0 P74/ANI4
P32/SO/SBO0 O-—] 20 45 |0 P73/ANI3
P33/SI/SB1 O=—] 21 44 le—0 P7Y/ANI2
P34/SCK O=—f 22 43 le——0 P71/ANN
P35/TxD1 O~—w] 23 42 l«——0  P70/ANIO
P36/RxD1 O~—n{ 24 41— 0 AVss
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
FrasicsrcfBERprigs
Os ZzzZ2 gz
=¥ 53RE%
a o o § o
o

Caution Connect the IC pin directly to Vss.

Remark xxx indicates a ROM code number
B Ly27525 0PpA4895 143 WH



TO00-TOOS, TO04
Ti

TIJD

TCUD
TCLRUD
ANIO-ANI7

- TxDO, TxD1
RxDQ, RxD1
Sl

SO

SBO, SB1
SCK

PWMO, PWM1
WDTO
MODEO, MODE1
ADOD-AD7
AB-A15

ASTB

RD

WR

RESET

X1, X2

AVpp

AVss

AVrer

Voo

Vss

IC

: Timer Output

: Timer Input

: Timer Input Up Down Counter
: Timer Control Up Down Counter
: Timer Clear Up Down Counter
: Analog Input

: Transmit Data

: Receive Data

: Serial Input

: Serial Qutput

: Serial Bus

: Serial Clock

: Pulse Width Modulation Output
: Watchdog Timer Ouput

: Mode

: Address/Data Bus

: Address Bus

: Address Strobe

: Read Strobe

: Write Strobe

: Reset

: Crystal

: Analog Voo

: Analog Vss

: Analog Reference Voltage

: Power Supply

: Ground

: Internally Connected

NEC uPD78363A, 78365A, 78366A
P00O-PO7 : Port0
P10-P17 : Portt
P20-P25 : Port2
P30-P36 : Port3
P40-P47 : Port4
P50-P57 : Port5
P70-P77 : Port7
P80-P85 : Port8
P90-P93 : Port9
RTPO-RTP3 : Real-time Port
NMI : Nonmaskable Interrupt
INTPO-INTP4 : Interrupt From Peripherals

B Lu27525 00A4a9L 08T W



NEC uPD78363A, 78365A, 78366A

FUNCTIONAL OUTLINE

em Product name £PD78363A £PD78365A uPD78366A
Minimum instruction execution | 125 ns (internal clock: 16 MHz, external clock: 8 MHz)
time
Internal memory ROM 24K bytes None 32K bytes
RAM 768 bytes 2K bytes
Memory space 64K bytes (externaily expandabie)
General-purpose registers 8 bits x 16 x 8 banks

Number of basic instructions 115

Instruction set * 16-bit transfer/operation

+ Multiplication/division (16 bits x 16 bits, 32 bits + 16 bits)
+ Bit manipulation

« String

+ Sum-of-products operation {16 bits x 16 bits + 32 bits)

+ Relative operation

1O lines Input 14 (of which 8 are shared with analog input)
70 49 31 49
Real-time pulse unit » 16-bit timer x 1

10-bit dead time timer x 3
16-bit compare register x 4
2 kinds of output mode can be selected
Mode 0, set-reset output: 6 channels
Mode 1, buffer output: 6 channels
* 16-bit timer x 1
16-bit compare register x 1
« 16-bit timer x 1
16-bit capture register x 1
16-bit capture/compare register x 1
+ 16-bit timer x 1
16-bit capture register x 2
16-bit capture/compare register x 1
» 16-bit timer x 1 .
16-bit compare register x 2
16-bit resolution PWM output: 1 channel

Real-time output port Pulse outputs associated with real-time pulse unit: 4 lines
PWM unit 8-/9-/10-/12-bit resolution variable PWM output: 2 channels
A/D converter 10-bit resolution, 8 channels
Serial interface Dedicated baud rate generator
UART (w/pin selection function): 1 channel
Clocked serial interface/SBI: 1 channel
Interrupt function + External: 6, internal: 14 (of which 2 are muitiplexed with external)

* 4 priority levels can be specified through software
+ 3 types of interrupt processing modes selectable
(vector interrupt, macro service, and context switching)

Package 80-pin plastic QFP (14 x 20 mm)

Others » Watchdog timer
- Standby function (HALT and STOP modes)
- PLL control circuit

B L427525 0084897 TiL EE




NEC

uPD78363A, 78365A, 78366A

DIFFERENCES BETWEEN ;PD78363A, 78365A AND nPD78366A

"Q"'W 4PD78363A uPD78366A uPD78365A
ROM 24K bytes 32K bytes None
Internal ROM
RAM 786 bytes 2K bytes
Input 14 (of which 8 are multiplexed with analog input)
/O lines ;
/O 49 31

Port 4 (P40-P47)

Can be set in input or output mode in
units of 8 bits. In external memory
expansion mode, this port functions as
muiltiplexed address/data bus (ADO-
AD7).

Aiways functions as muttiplexed
address/data bus (ADO-AD7).

Port 5 (P50-P57)

Can be set in input or output mode in
1-bit units. In external memory
expansion mode, this port functions as
address bus (A8-A15).

Always functions as address bus (A8-
A15)

Port 9 (P90-P93) ~

Can be set in input or output mode in
1-bit units. In external memory
expansion mode, P90 outputs RD strobe
signal, and P91 outputs WR strobe
signal.

P90 always functions as RD strobe
signal output pin, and P91 always
functions as WR strobe signal output
pin. P92 and P93 function as /O port
lines.

Memory expansion mode
register (MM)

Sets port 4 in input or output mode in
units of 8 bits. In external memory
expansion mode, sets memory
expansion width of ports 4 and 5.

Always fixed to external memory
expansion mode.

Port 5 mode register (PM5)

Sets port 5 in input or output mode in
1-bit units.

None

Setting of MODEO, MODE1

- In ordinary operation mode:

- Always set as follows:

MODEOD, 1 = LL MODEQD, 1 = HH
* In ROM-less mode:

MODEQO, 1 = HH

B tu27?525 0084698 952 MR



uPD78363A, 78365A, 78366A

NEC
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NEC uPD78363A, 78365A, 78366A
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uPD78363A, 78365A, 78366A

1. PIN FUNCTIONS

1.1 PORT PINS

Pin name fle] Function Shared by:
P0O0-PO3 Port 0. RTPO-RTP3
P04 8-bit /O port. PWMO

Can be set in input or output mode in 1-bit units.
P05 /0] TCUD/PWM1
P0G TIUD/TO40
Po7 TCLRUD
Port 1.
P10-P17 1[e] 8-bit /0O port. -
Can be set in input or output mode in 1-bit units.
P20 Port 2. NMI
P21 6-bit input port. INTPO
P22 INTP1
P23 Input INTP2
P24 INTP3/TI
P25 INTP4
P30 Port 3. TxDO
P31 7-bit /O port. ) RxDO
Can be set in input or output mode in 1-bit units.
P32 SO/SBO
P33 o Si/SBt
P34 SCK
P35 TxD1
P36 RxD1
Port 4.
P40-P47 /O 8-bit I/O Port. ADO-AD7
Can be set in input or output mode in 8-bit units.
Port 5.
P50-P57 e} 8-bit I/0 port. AS-A15
Can be set in input or output mode in 1-bit units.
Port 7.
P70-P77 Input 8-bit input port ANIO-ANI7
Port 8.
P80O-P85 7o} 6-bit I/0 port. TO00-TO05
Can be set in input or output mode in 1-bit units.
P90 RD
Po1 Port 9. m
1o 4-bit 1/0 port.
P2 Can be set in input or output mode in 1-bit units. -
P93 -

10
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NEC

uPD78363A, 78365A, 78366A

1.2 PINS OTHER THAN PORT PINS (1/2)
Pin name 11O Function Shared by:
Real-time output port that out, | i izati ith tri
RTPO-RTP3 | Output | utpuf .po at ou ?uts pulses in synchronization with trigger P00-PO3
signal from real-time pulse unit.

NMi Non-maskable interrupt request input. P20
INTPO External interrupt request input. P21
INTP1 P22

Input
INTP2 P23
INTP3 P24/T]
INTP4 P25
TI External count clock input to timer 1. P24/INTP3
Count operation selection control signal input to up/down counter (timer
TCUD Input 2 PO5/PWM1
TIUD External count clock input to up/down counter (timer 4). POB/TO40
TCLRUD Clear signal input to up/down counter (timer 4). Pa7
TO00-TO05 P80-P85
Output | Pulse output from real-time pulse unit.

TO40 POB/TIUD
ANIC-ANI7 | Input | Analog input to A/D converter. P70-P77
TxDO . ' P30

Output | Serial data output of asynchronous serial interface.
TxD1 P35
RxDO ) ) P31
Input | Serial data input of asynchronous serial interface.
RxD1 P36

SCK 110 Serial clock input/output of clocked serial interface. P34

sl Input | Serial data input of clocked serial interface in 3-line mode. P33/SB1

80 Ouput | Serial data output of clocked serial interface in 3-line mode. P32/SB0

SBO o P32/S0

I ial iny utput of clock ial interface i | .
SB1 Serial data input/output of ciocked serial interface in SBI mode P33/3]
PWMO o Po4
ut PWM signal output.
PWM1 Pt gnat oulipu POS/TCUD
— Signal output indicating overflow of watchdog timer (generates non-
WOTO | Output | ~ore 0P 9 gtimer(s -
maskable interrupt).
ADO-AD7 o Multiplexed address/data bus when memory is externally expanded. P40-P47
A8-A15 Address bus when memory is externally expanded. P50-P57
ASTB Outputs timing signal at which address information output from ADO-AD7 _
and AB-A15 pins to access external memory is to be latched.

= Output

RD Read strobe signal output to external memory. P90

WR Write strobe signal output to external memory. Po1

M Ly27525 0084903 0OuT WA



NEC

uPD78363A,

78365A, 78366A

1.2 PINS OTHER THAN PORT PINS (2/2)
Pin name 110 Function Shared by:
MODEC Control signal input to set operation mode. With uPD78363A and 783664,
Input | MODEQ and MODE1 are usually connected to Vss. With uPD78365A, -
MODE1 MODEQ and MODE1 are always connected to Voo.
RESET Input | System reset input -
X1 Input | Crystal oscillator connecting pins for system clock. If a clock is externally
X2 - supplied, input it to pin X1. Leave pin X2 open.
AVRrer Input | A/D converter reference voltage input. -
AVoo - A/D converter analog power supply. -
AVss - A/D converter GND. -
Voo - Positive power supply -
Vss - GND -
IC - Internally connected. Connect this pin to Vss. -

B L427525 0084904 TAbL HN



NEC uPD78363A, 78365A, 78366A

13 PIN /O CIRCUITS AND PROCESSING OF UNUSED PINS

Table 1-1 shows the I/O circuit types of the respective pins, and recommended connections of the unused
pins. Figure 1-1 shows the circuits of the respective pins.

Table 1-1.  Pin IO Circuit Type and Recommended Connections of Unused Pins

Pin /O circuit type Recommended connections
POO/RTPO-PO3/RTP3
P04/PWMO

PO5/TCUD/PWM1 Input  : Independently connectto Voo or Vssthroughresistor
5-A Output : Leave unconnected

PO6/TIUD/TO40
PO7/TCLRUD
P10-P17
P20/NMI 2
P21/INTPO
P22/INTP1
P23/INTP2 2-A
P24/INTP3/TI
P25/INTP4
" P30/TxDO
P31/RxD0
P32/S0/SB0O
P33/SI/SB1 8-A Input  : Independently connectto Voo or Vssthrough resistor
P34/SCK Qutput : Leave unconnected
P35/TxD1
P36/BxD1
P40/ADO-P47/AD7
P50/A8-P57/A15
P70/ANIQ-P77/ANI7 9 Connect to Vss
P80/TO00-P85/TO05
P9O/RD
P91/WR
P92, P93
ASTB 5
WDTO 19 Connect to Vss
MODEOD, MODE1 1
RESET 2

Connect to Vss

5-A

5-A

5-A

Input  : Independently connectto Voo or Vssthrough resistor
Qutput : Leave unconnected

AVrer, AVss Connect to Vss

AVoD - Connect to Voo

IC Connect to Vss

B Lu27525 0084905 9l WE



NEC

uPD78363A, 78365A, 78366A

Figure 1-1. Pin /O Circuits

Schmitt trigger input with hysteresis characteristics

Type 1 Type 5-A Voo
Voo
Pull-up Po—]
enable P-ch
——l P-ch Voo
IN Data —:I )°—|
oO—» P-ch
Output INJOUT
h
—f= Neen disable *‘_&D 'HN'C
Input 2
enable
Type 2 Type 8-A Voo
Pull-up Po—F P-
IN enable P-ch

Data

Voo
———E:D—Iémh

Output IN/OUT
disable %N-ch

Type 2-A Type 9
Voo o - Comparator
_c
O—.
Pull " N-eh
ull-up
P-ch I < enable T I
Vrei
. (Threshold voltage)
IN O- - bc
Schmitt trigger input with hysteresis characteristics enable
Type 5 Type 19
Voo
Data
P-ch IN/OUT
° —0 ouT
utput N-ch
disable ‘ -

Intput

enable

—— e
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NEC

uPD78363A, 78365A, 78366A

2. CPU ARCHITECTURE

21 MEMORY SPACE

The uPD78366A can access a memory space of 64K bytes. Figures 2-1 and 2-2 show the memory map.

Figure 2-1. Memory Map (zPD78365A, 78366A)

MODEQ, 1 = HH
MODED, 1 =LL [ #PD78365A
(xPD78366A) - #PD78366A in ORM-less mod
FFFFH Special function register
(SFR) FEFFH} General-purpose
FFOOH (256 x8) FEAOH| _register (128 x 8)
" FEFFH 1
Main RAM FE25H Macro service
ti
(256 8) FEOSH]  control (32 x 8) l
FFOOH
Data Memorye nery
' Peripheral RAM
(1792 % 8) 2% aresa
F700H F700H (2045 8)
F6FFH
Memory space Y
64 K x8) 7FFFH‘L 1
B @~ Program area “ ,_
Programmemory == External memory Note =L 1000H -
Data memo (30464 x 8
i ¢ ) OFFFH] CALLF instruction entry area_{_ Extenal memory W
T+ (2048 x 8) M (63232 x 8)
0800H
Q7FFH
800CH o Program area b
TFFFH 0080H
007FH
CALLT instruction table area
(64 % 8)
Program memory A L Internal ROM L 0040H
Data memory (32768 x 8) 003FH = =
Vector table area
(64 x8)
0000H 0000H 0000H

Note Accessed in external memory expansion mode.

Caution For word access (including stack operations) to the main RAM area (FEOOH - FEFFH), the
address that specifies the operand must be an even value.

B E427525 0084907 795 mm
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NEC

uPD78363A, 78365A, 78366A

Figure 2-2. Memory Map (uPD78363A)

Memory space
(64 K= 8)

MODEQD, 1 = LL MODEQ, 1 = HH
{- ROM-less mode )
FFFFH Spegcial function register
FR) FEFFH| General-purpose
FFOOH (256 % ) FEBOH| _register (128x 8)
FEFFH
Main BAM FE25H Macro service
|
(256 % 8) FEOSH control (32 x 8)
FFOOH
Data Memonyenecy
Peripherat RAM
(512 x 8) D7ata area
8
FCODH FCOOH (768x8)
FBFFH
5FFFH_L _L
R x Program area - o
Programmemory 5= Extemal memory Note L 1000H =
Data memo (39936 % 8)
& OFFFH| CALLF instruction entry area 4 External memory
T (2048 x 8) T (64512 x 8)
0800H
Q7FFH
6000H =~ Program area -~
SFFFH oosom L B
007FH
CALLT instruction table area DFFFH
{64 x 8)
Program memory J, Internal ROM L 0040H N
Data memory i (24576 x 8) [ 003FH :f ¥
Vector table area
(64 x 8)
0000H 0000H 0000H

AL}

Note Accessed in external memory expansion mode.

Caution For word access (including stack operations) to the main RAM area (FEOOH - FEFFH), the
address that specifies the operand must be an even value.

16
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NEC uPD78363A, 78365A, 78366A

22 DATA MEMORY ADDRESSING

The uPD78366A is provided with many addressing modes that improve the operability of the memory and
can be used with high-level languages. Especially, an area of addresses F700H-FFFFH (Inthe uPD78363A,
FCOOH-FFFFH) to which the data memory is mapped can be addressed in a mode peculiar to the functions
provided in this area, including special function registers (SFR) and general-purpose registers.

Figure 2-3. Data Memory Addressing (uPD78365A, 78366A)

FFFFH 7
Special function T
register

FF20H (SFR) SFR addressing

ST

FFOOH y

FEFFH [

Gem:;agli-;::pose Register addressing Short direct addressing

FE8OH

FE7FH

FE20H oo ]

FE1FH

Main RAM

FEOOH

FDFFH Direct addressing
Register indirect addressing

Peripheral RAM Based addressing

Based indexed addressing
Based indexed addressing

Egg?:}:l (with displacement)

g Extemal memory :J:
8000H
7FFFH
= Internal ROM Note  -L
0000H !

Note Is external memory in the ROMless mode of the uPD78365A or uPD78366A.

Caution For word access (including stack oprations) to the main RAM area (FEOOH - FEFFH), the
address that specifies the operand must be an even value.

B L427525 0084909 568 EE
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Figure 2-4. Data Memory Addressing (uPD78363A)
FFFFH i
Special function
register

FE2OH| _(SF_R) ___________ SFR addressing

FF1FH

FFOOH Y

FEFFH [

Genc::;i-;pt::po se Register addressing Short direct addressing

FEB0H

FE7FH

FE2OM ) o]

FE1FH

Main RAM

FEOOH :

FDFFH Direct addressing
Register indirect addressing

Peripheral RAM Based addressing

Based indexed addressing
Based indexed addressing

,53,92,2' (with displacement)

g External memory ;J:
6000H
SFFFH
i) 4

internal ROm Note L

OODOHT

Note Is external memory in the ROMiess mode of the uPD78363A.

Caution For word access (inciuding stack oprations) to the main RAM area (FEOOH - FEFFH), the
address that specifies the operand must be an even value.

2.3 PROCESSOR REGISTERS
The uPD78366A is provided with the following three types of processor registers:
« Control registers
+ General-purpose registers
+ Special function registers (SFRs)

B Lu27525 0084910 24T MW



NEC

uPD78363A, 78365A, 78366A

2.3.1 Control Registers
(1) Program counter (PC)
This is a 16-bit register that holds an address of the instruction to be executed next.

(2) Program status word (PSW)

This 16-bit register indicates the status of the CPU as a result of instruction execution.

(3) Stack pointer (SP)

This 16-bit register indicates the first address of the stack area (LIFO) of the memory.
{4) CPU control word (CCW)

This 8-bit register is used to control the CPU.

Figure 2-5. Configuration of Control Registers

15 0]
PC
PSW
SP
7 0
CCwW
Figure 2-6. Configuration of PSW
15 8
UF RBS2 RBS1 RBSO 0 0 0 0
PSW < 0
s z RSS | AC | E | Pw 0 oy |
UF : User flag
RBS0-RBS2: Register bank select flag
S : Sign flag (MSB of execution result)
z : Zero flag
RSS : Register set select flag
AC : Auxiliary carry flag
IE . Interrupt request enable flag
PV : Parity/overilow flag
cY : Carry flag
Figure 2-7. Configuration of CCW
7 0
ccw [ o 0 0 0 o | o [P ] o |
TPF : Table position flag

B b427?525 0084911 1l: W
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2.3.2 General-Purpose Registers

The uPD78366A is provided with eight banks of general-purpose registers with one bank consisting of 8
words x 16 bits. Figure 2-8 shows the configuration of the general-purpose register banks. The general-purpose
registers are mapped to an area of addresses FES8OH-FEFFH. Each of these registers can be used as an 8-
bit register. In addition, two registers can be used as one 16-bit register pair (refer to Figure 2-9 ). These
general-purpose registers facilitate complicated multitask processing.

Figure 2-8. Configuration of General-Purpose Register Banks

Bank 7
i

Bank 0 RP7

RP&

RP5
RP4

RP3
RP2 ' —

RP1

RPO -
15 0

Figure 2-9. Processing Bits of General-Purpose Registers

8-bit processing ) 16-bit processing

FEFFH RBNKO R15 R14 Fy  RP7  &n
RBNK1 R13 R12 oy RP6  (cn

RBNK2 R11 R10 @) RP5

RBNK3 R9 R8 e RP4 @

RBNK4 R7 R6 o BP3  en

RBNK5 R5 R4 e RP2 @

RBNK6 R3 R2 @y RP1 o

FESOH RBNK7 R1 RO e RPO  on

7 07 0 15 0

M Luy27525 008u9l2 052
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2.3.3 Special Function Registers (SFR)
Special function registers (SFRs) are registers assigned special functions such as mode registers and contro}

registers for internat peripheral hardware, and are mapped to a 256-byte address space at FFOOH through
FFFFH.

Table 2-1 lists the SFRs. The meanings of the symbols in this table are as follows:

» Symbol .o Indicates the mnemonic symbot for an SFR.
This mnemonic can be coded in the operand field of an instruction.
* BIW e Indicates whether the SFR can be read or written.
R/W : Read/write
R :Read only
W : Write only
+ Bit units for manipulation ...... Indicates bit units in which the SFR can be manipulated. The SFRs that

can be manipulated in 16-bit units can be coded as an sfrp operand.
Specify an even address for these SFRs.
The SFRs that can be manipulated in 1-bit units can be coded as the
operand of bit manipulation instructions.

* Onreset .iveeeccneececeene, Indicates the status of the register at RESET input.

Cautions 1. Do not access the addresses in the range FFOOH through FFFFH to which no special
function register is allocated. If these addresses are accessed, malfunctioning may
occur.

2. Do not write data to the read-only registers. Otherwise, the internal circuit may not
operate normally.

3. When using read data as byte data, process undefined bit(s) first.

4. TOUT and TXS are write-only registers. Do no read these registers.

5. Bits 0, 1, and 4 of SBIC are write-only bits. When these bits are read, they are always
"o,

B 427525 0084913 799 MM
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Table 2-1. List of Special Function Registers (1/5)

Bit units for
Address Special function register (SFR) Symbo! R/W manipulation On reset
1 bit | 8 bits | 16 bits
FFOOH Port 0 PO @) 0] -
R/wW
FFO1H Port 1 P1 O 0] -
FFO2H Port 2 P2 R O O -
FFO3H Port 3 P3 O O -
FFO4H | Port4 paNote | pry | o o -
FFOSH | Ports psNote 0 o) -
FFO7H Port 7 P7 R O O -
FFO8H Port 8 P8 @] o -
FFO9H Port 9 P9 O O -
FF10H .
Compare register 00 CMO00 - - O
FF11H
FF12H Undefined
Compare register 01 CMO1 - - O ne
FF13H
FF14H
Compare register 02 CcM0o2 - - O
FF15H
R/W
FF16H ’
Compare register 03 CM03 - - O
FE17H
FF18H
Buffer register CM00 BFCMO00O - - O
FF19H
FF1AH
Buffer register CM01 BFCMO1 ~ - O
FF1BH
FF1CH
Buffer register CM02 BFCMO2 ~- - 0]
FF1DH
FF1EH
Timer register 0 T™O R - - O 0000H
FF1FH
FF20H Port 0 mode register PMO o O - FEH
FF21H Port 1 mode register PM1 @) O -
FF23H Port 3 mode register PM3 AW @) C - x111 11118
FF25H Port 5 mode register PMsNote @] @] - FFH
FF28H Port 8 mode register PM8 O 0 - xx11 1111B
FF29H Port 8 mode register PM9 O O - xxxx 1111B
FF2CH
Reload register DTIME - - @] Undefined
FF2DH
FF2EH Timer unit mode register 0 TUMO O o] -
R/w 0OoH
FF2FH Timer unit mode register 1 TUM1 O C -
FF30H )
Compare register 10 CM10 - - o) Undefined
FF31H
FF32H
Timer register 1 ™1 R ~ - O 0000H
FF33H

Note Not provided for the uPD78365A.

B Luy27525 0084914 925 N
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Table 2-1. List of Special Function Registers (2/5)

Bit units for
Address Special function register (SFR) Symbol R/W manipulation On reset
1 bit | 8 bits | 16 bits
FF34H
Capture/compare register 20 CC20 R/W - - O
FF35H
Undefined
FF36H
Capture register 20 CT20 - - o
FF37H
R
FF38H
Timer register 2 TM2 - - @ 0000H
FF39H
FF3AH ) )
Buffer register CM03 BFCMO03 - - o Underfined
FF3BH ‘
FF3CH External interrupt mode register 0 INTMO O O -
FF3DH External interrupt mode register 1 INTM1 O O - 00H
FF40H Port 0 mode control register PMCO O O -
FF43H Port 3 mode control register PMC3 @) ®) - x000 0000B
FF44H Puli-up resistor option register L PUOL R/W @] O - 00H
FF45H Pull-up resistor option register H PUOH O @] -
FF48H Port 8 mode controf register PMC8 O @] - xx00 0000B
FF4EH Sampling control register 0 SMPCO O O - 00
FF4FH Sampling control register 1 SMPCH1 O O -
FF50H
Capture/compare register 30 CC30 - - @
FF51H
FF52H
Capture register 30 CT30 - - O Undefined
FF53H
FF54H
Capture register 31 CT31 R - - O
FF55H
FF56H
Timer register 3 TM3 - - @] 0000H
FF57H
FF58H
Compare register 40 CM40 - - @)
FF59H
R/W Undefined
FF5AH
Compare register 41 CMa41 - - O
FF5BH
FF5CH
Timer register 4 TM4 R - - O 0000H
FF5DH
FFS5EH Timer control register 4 TMC4 R/W - O - O0H
FF5FH Timer out register TOUT w - C - xx01 0101B
FFG60H Real-time output port register RTP o} O - Undefined
FFB1H Real-time output port mode register RTPM RIW @} O -
FF62H Port read control register PRDC O O - 00H
FF68H A/D converter mode register ADM O O -

BN t427525 0084915 ALl W
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Table 2-1. List of Special Function Registers (3/5)

Bit units for
Address Special function register (SFR) Symbol RW manipulation On reset
1 bit | 8 bits |16 bits
FF70H Slave buffer register 0 SBUFO Q O -
FF71H Slave buffer register 1 SBUF1 C O -
FF72H Slave buffer register 2 SBUF2 O o] -
FF73H Slave buffer register 3 SBUF3 O o -
FF74H Slave buffer register 4 SBUF4 O C -
FF75H Slave buffer register 5 SBUFS o O - .
FF76H Master buffer register 0 MBUF0 @) O - Undefined
FF77H Master buffer register 1 MBUF1 O O -
FF78H Master buffer register 2 MBUF2 O O -
FF79R Master buffer register 3 MBUF3 W O O -
FF7AH Master buffer register 4 MBUF4 O @] -
FF7BH Master buffer register 5 MBUF5 O O -
FF7CH Timer control register 0 TMCO @] @] -
FF7DH Timer control register 1 TMC1 O. O -
FF7EH Timer control register 2 T™™C2 O O -
FF7FH Timer control register 3 TMC3 O O - 00H
FF80H Clocked serial interface mode register CSiM O O -
FF82H Serial bus interface control register SBIC R/wNote, O o -
FF84H Baud rate generator control register BRGC 0O O -
FF8s5H Baud rate generator compare register BRG - (@] -
FF86H Serial 1/O shift register SIO R O O - Undefined
FF88H Asynchronous serial interface mode register ASIM @) O - 80H
FF8AH Asynchronous serial interface status register ASIS R O O - 00H
FF8CH Serial receive buffer: UART RXB - O -
Undefined
FF8EH Serial transfer shift register: UART TXS w - O -
FFACH PWM control register 0 PWMCO O O - 00H
FFA1TH PWM control register 1 PWMCH1 o O -
FFA2H PWM register OL PwMOL R/W o @) -
FFA2H Undefined
PWM register 0 PWMO - - O
FFA3H ‘

Note Bits 7 and 5

: read/write

Bits 6, 3, and 2: read-only
Bits 4, 1, and O: write-only

24
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Table 2-1. List of Special Function Registers (4/5)

Bit units for
Address Special function register (SFR) Symbol R/W manipulation On reset
1 bit | 8 bits | 16 bits

FFA4H PWM register 1L PWM1L O O -
FFA4H R/W Undefined

PWM register 1 PWM1 - - O
FFA5H
FFA8H In-service priority register ISPR R O O - 00H
FFAAH Interrupt mode control register IMC O O - 80H
FFACH Interrupt mask register OL MKOL O @] - FFH
FFACH R/W

Interrupt mask register 0 MKO - - O FFFFH
FFADH
FFADH Interrupt mask register OH MKOH O O - FFH
FFBOH

A/D conversion result register 0 ADCRO ~ - O
FFB1H
FFB1H A/D conversion result register OH ADCROH - O -
FFB2H

A/D conversion result register 1 ADCR1 - - O
FFB3H
FFB3H A/D conversion result register 1H ADCR1H - O -
FFB4H

A/D conversion result register 2 ADCR2 - - O
FFB5H
FFB5H A/D conversion result register 2H ADCR2H - O -
FFB&H

A/D conversion resuilt register 3 ADCR3 - - O
FFB7H

R Undefined

FFB7H A/D conversion result register 3H ADCRS3H - O -
FFB8H

A/D conversion result register 4 ADCR4 - - @]
FFBOH .
FFBOH A/D conversion result register 4H ADCR4H - @) -
FFBAH

A/D conversion result register 5 ADCRS5 - - C
FFBBH
FFBBH A/D conversion result register 5H ADCRS5H - C -
FFBCH

A/D conversion result register 6 ADCR6 - - o
FFBDH
FFBDH A/D conversion result register 6H ADCR6H - O -
FFBEH

A/D conversion result register 7 ADCR7 - - C
FFBFH
FFBFH A/D conversion result register 7H ADCR7H - o -
FFCOH Standby controt register STBCNote - O - 0000 x000B
FFC1H CPU control word ccw R/W O O - 00H
FFC2H Watchdog timer mode register WDMNote - O -

Note Can be written when a special instruction is executed.

B b427525 0084917 b3y MM
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Table 2-1. List of Special Function Registers (5/5)

Bit units for
Address Speciat function register (SFR) Symbol R/W manipulation On reset
1 bit | 8 bits | 16 bits
FFC4H [Memory expansion mode register MM O O - Note
FFC6H
Programmable wait control register PWC - - O COAAH
FFC7H
FFDOH
I External SFR area - O @) - Undefined
FFDFH
FFEOH  [Interrupt control register (INTOV3) oViIC3 O O -
FFE1H |Interrupt control register (INTPO/INTCC30) PICO O O -
FFE2H  |Interrupt controi register (INTP1) PIC1 O O -
FFESH |iInterrupt control register (INTP2) PiC2 @ O -
FFE4H  |Interrupt control register (INTP3/INTCC20) PIC3 O O -
FFESH |interrupt control register (INTP4) PIC4 RIW O O -
FFEBH |Interrupt control register (INTTMO) T™ICO o} O -
FFE7H Interrupt control register (INTCM03) CMIC03 0 O -
FFESH |[Interrupt control register (INTCM10) CMIC10 O O - 4oH
FFE9H Interrupt control register (INTCM40) CMIC40 e) O -
FFEAH |Interrupt control register (INTCM41) CMIC41 ®) ®) -
FFEBH Interrupt control register (INTSER) SERIC o) o) -
FFECH |Interrupt control register (INTSR) SRIC 'e) e -
FFEDH |Interrupt control register (INTST) STIC O O -
FFEEH |Interrupt control register (INTCSI) csIIc e) O -
FFEFH |Interrupt control register (INTAD) ADIC o) e} -

26

Note The value of the MW register at reset time differs depending on the product.
uPD78363A : 60H
#PD78365A, 78366A : 20H
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3. FUNCTIONAL BLOCKS

3.1 EXECUTION UNIT (EXU)
EXU controls address computation, arithmetic and quical operations, and data transfer through microprogram.
EXU has an internal main RAM. This RAM can be accessed by instructions faster than the peripheral RAM.

3.2 BUS CONTROL UNIT (BCU)

BCU starts necessary bus cycles according to the physical address obtained by the execution unit (EXU).If
EXU does not request start of the bus cycle, an address is generated to prefetch an instruction. The prefetched
op code is stored in an instruction queue.

3.3 ROM/RAM

The internal ROM and RAM capacities differ depending on the product.

The uPD78363A has a 24-KB ROM and a 512-B peripheral RAM. The uPD78366A has a 32-KB ROM and
a 1792-B peripheral RAM. The uPD78365A does not have a ROM and only has a 1792-B peripheral RAM.

Access to the ROM can be disabled by using the MODEO and MODET pins, in which case an external memory
of 64 KB can be accessed.

B Lu427525 D0AYY919 407 mm
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3.4 PORT FUNCTIONS

The uPD78366A is provided with the ports shown in Figure 3-1 for various control operations.

The functions of each port are listed in Table 3-1. These ports function not only as digital ports but also as
input/output lines of the internal hardware.

Figure 3-1. Port Configuration

~————1 P00 P50

Port5

Port 0 -— ]

~—1pP10

Poti | =" P70-P77
sttt el

Port7

-~ P17

P80
— P20 S

Port8
Port2 < —e]
P85
—_ = P25

Pao

Port9

|
RN

N P93
Port 3 -

- ] P36

Port4 8 P40-P47
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Table 3-1. Functions 6f Each Port

Port Port function Muitiplexed function
8-bit I/O port. Can be set in input or In control mode, serves as real-time output port (RTP), or
Port 0 output mode in 1-bit units. input operation control signal of real-time pulse unit (RPU)
and output PWM signal.
Port 1 8-bit I/0 port. Can be set in input or
output mode in 1-bit units.
Port 2 6-bit input port. Inputs external interrupt and count pulse of real-time pulse
unit (RPU) (fixed to the control mode).
Port 3 7-bit /O port. Can be set in input or In control mode, inputs/outputs signals of serial interfaces
output in 1-bit units. (UART, CSI).
Port 4 8-bit I/O port. Can be set in input or Address data bus (AD0-AD7) when memory is externally
output mode in 8-bit units. expanded.
Port 5 8-bit ¥O port. Can be set in input or Address bus (AB-A15) when memory is externally expanded.
output mode in 1-bit units.
Port 7 8-bit input port. Input analog signals to A/D converter (fixed to the control
mode).
Port 8 6-bit YO port. Can be set in input or In control mode, outputs timer of real-time pulse unit (RPU).
output mode in 1-bit units.
Port © 4-bit IfO port. Can be set in input or Outputs control signal when memory is externally expanded.

output mode in 1-bit units.

B Lu27525 00845921 ObS HE
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3.5 CLOCK GENERATOR CIRCUIT
The clock generator circuit generates and controls the internal system clock (CLK) that is suppliedto the CPU.

Figure 3-2. Block Diagram of Clock Generator Circuit

Frequency Frequency
| L - > o
| I X1 System divider BLL divider
cloock fxx 12 fork internal system

‘ = oscilator  [or 12 ;‘I’;é‘;;' clock (CLK)
[ I scilk ¥
. o circuit

STOP mode

Remarks 1. ixx : crystal oscillation frequency
2. fx :external clock frequency
3. fowk: internal system clock frequency

By connecting an 8-MHz crystal oscillator across the X1 and X2 pins, an internal system clock of up to 16
MHz (fcik) can be generated.

The system clock oscillation circuit oscillates by using the crystal oscillator connected across the X1 and X2
pins. It stops oscillation in standby mode.

An external clock can also be input. To do so, input the clock signal to the X1 pin and leave the X2 pin open.

Caution Do not set STOP mode when the external clock is used.
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Figure 3-3. External Circuit of System Clock Oscillator Circuit

{a) crystal osci

llator

#PD78366A

X2

{b) external clock

1#PD78366A

So

Open

X1

X2

Cautions 1. Wire the portion enclosed by dotted line in Figure 3-3 as follows to avoid adverse
influences due to wiring capacity when using the system clock oscillation circuit.
+ Keep the wiring length as short as possibie.
+ Donotcross the wiring with the other signal line. Make sure that the wiring is not close
to lines through which a high alternating current flows.
-« Always keep the ground point of the capacitor of the oscillation circuit at the same
potential as Vss. Do not ground the circuit to a ground pattern through which a high
current flows.
+ Do not extract signals from the oscillator circuit.
2. To input an external clock, do not connect a load such as wiring capacitance to the X2

pin.

B Lu42?7525 0084923 938 1A
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3.6 REAL-TIME PULSE UNIT (RPU)

The real-time pulse unit (RPU) can measure puise intervals and frequencies, and output programmable
pulses (six channels of PWM control signals).

The RPU consists of five 16-bit timers (timers 0 through 4), of which one is provided with a 10-bit dead time
timer, which is ideal for inverter control. in addition, a function to turn off the output by the software or an external
interrupt is also provided.

Each timer has the following features:

* Timer 0 : Controls the PWM period of the TO0O through TOQS pins. In addition, operates as a
general-purpose interval timer. Timer O has the following five operation modes:
+ General-purpose interval timer mode
+ PWM mode 0 (symmetrical triangular wave)
+ PWM mode 0 (asymmetrical triangular wave)
+ PWM mode 0 (saw-tooth wave)
+ PWM mode 1
* Timer 1: Operates as a general-purpose interval timer.
* Timers 2 & 3 :Has a programmable input sampling circuit that rejects the noise of an input signal,
and a capture function. .
Timer 4 : Operates asageneral-purpose timer or an up-down counter. When operating as ageneral-
purpose timer, controls the PWM cycle of the TO40 output pin. Timer 4 has the following
two operation modes:
« General-purpose timer mode
+ Up/down counter mode {UDC mode)

*

B b427525 0084924 874 W
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The RPU consists of the hardware shown in Table 3-2. Figures 3-4 through 3-12 show the block diagrams

of the respective timers.

Table 3-2. Configuration of Real-Time Pulse Unit (RPU)

Compare
. . . register Capture | Timer Timer
Timer register Register coincidence trigr;er output clear
interrupt
16-bit compare register (CM00) -
16-bit compare register (CM01 -
Timer 0 | 16-bit timer (TM0) . P eg- ¢ : - 6 INTCMO03
16-bit compare register (CM02) -
16-bit compare register (CM03) INTCMO03
Timer 1 |16-bit timer (TM1) | 16-bit compare register (CM10) INTCM10 - - INTCM10
- : T
Timer 2 | 16-bit timer (TM2) 16-bit capture/compare register (CC20) INTCC20 INTP3 _ INTCC20
16-bit capture register (CT20) -
16-bit capture/compare register (CC30) | INTCC30 INTPO
Timer 3 | 16-bit timer (TM3) | 16-bit capture register (CT30) - INTP1 - INTCC30
16-bit capture register (CT31) - INTP4
16-bi i M4 INTCM4 TCLRUD
Timer 4 | 16-bit timer (TM4) 6-bit compare register (CM40) NTCM40 _ 1 CLRU
16-bit compare register (CM41) INTCM41 INTCM40
B Luie2?525 00844925 700 W
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Figure 3-4. Block Diagram of Timer 0 (PWM mode 0 ... symmetrical triangular wave,

asymmetrical triangular wave)

BFCMO03+ |
CM03 [———— INTCMO3
+16
fox
fewk/2
fania TMO  [————=INTTMO
fou/8
——luP=-0
fok/16 UD
{16 DOWN = 1 fax—=] DTIME
BFCMOON } 10
CMOO A=
i
F'D_ DTMo |nderflow
S - 1
BFCMO1 ] J
cMo1 R =<
‘lLI>_ oTM7 |Underflow
S .4 = R}
S
R e
BFCMO02: I s
cMo2 D7 <
'_ll:))_ DMz |Underflow
S - M
T™MO : Timer register ALVTO:
CMO00-CM03 : Compare registers UD N:

BFCMO00-BFCMO03: Buffer registers
DTIME : Reload register
DTMO-DTM2 : Dead time timers

Remark fcik: internal system clock
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ALVTO

_E_Iﬁ
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Bit 2 of TUMO register
Bit 3 of TMCQ register

Output off function
by external interrupt
and software

TO00
(U phase)
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(U phase)

_Too3
{V phase)
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(W phase)
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Figure 3-5. Block Diagram of Timer 0 (PWM mode 0 ... saw-tooth wave)

BFCMOC’:\\I
- CMO03 INTCMO3
Clear
116 |
fek
fowk/2
feu/d TMO
fex/8
foud16 fax—=] DTIME ALVTO
+ 16
‘ N 1 Output off function
BECMOON ] 10 by external interrupt
Fa
CMO00 and software
R Underflow
DTMO _D_—_.
s — a R TO00
S (U phase)
o O , _TOo1
_—l (U phase)
BFCMO1 . S
CMO? SN
. —D— — Underﬂow_
s _ — R TO02
s (V phase)
O _TO03
__ﬁ (V phase
BFCMO02: LS | P )
[~ cmo2 Al A~
II.I>_ DTM2 Underﬂow_
S — M R TOO04
s (W phase)
Po— Ny _T005
g (W phase)
T™MO : Timer register
CMO00-CM03 : Compare registers
BFCMO00-BFCMO03: Buffer registers
DTIME : Reload register
DTMO-DTM2 : Dead time timers
ALVTO : Bit 2 of TUMO register

Remark fcuk: internal system clock
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Figure 3-6. Block Diagram of Timer 0 (PWM mode 1)

BFCMO3- ]
CM03 INTCMO3
Clear
. 16
fouk
fow/2
fouk/d TMO
fox/8
foud/16 fek— DTIME
+16
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BFCMOO, \l Underfiow 2 . MBUF1
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SBUF0 ]
L. MBUF3
SBUF3 “]
] o MBUF2
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Remark fcuk: internal system clock
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TOUT : Timer out register
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Figure 3-7. Block Diagram of Timer 0 (general-purpose interval timer mode)

Master buffer register

(MBUFO0)
Compare register | INTCM03 6
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Timer register
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Clear Timer out register
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Figure 3-8. Biock Diagram of Timer 1
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Remark fcw: internal system clock
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Figure 3-9. Block Diagram of Timer 2
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Remark fcwk: internal system clock

Figure 3-10. Block Diagram of Timer 3
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Remark fcuk: internal system clock
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Figure 3-11. Block Diagram of Timer 4 (General-Purpose Timer Mode)
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fow/2
fou/4 ——a Timer register
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Remark fcik: internal system clock

Figure 3-12. Block Diagram of Timer 4 (UDC Mode)
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3.7 REAL-TIME OUTPUT PORT (RTP)

The real-time output port is a 4-bit port that can output the contents of the real-time output port register (RTP)
in synchronization with the trigger signal from the real-time pulse unit (RPU). It can output synchronization
pulses of multiple channels.

Also, PWM modulation can be applied to P00-P03.

Figure 3-13. Block Diagram of Real-Time Output Port

& Internal bus 8

g 7
¥ 4 )
RTP
INTCMO3 (from RPLU) ——]
INTCM10 (fl'Ol'ﬂ RPU) ——] Output trigger 4
INTPO/INTCC30 (from RPU) ——] control circuit
Software trigger
}
> RTPM
! ~ =
PWMO —=1 PwM signa! Output latch
PWM1 ——= control circuit (P03-P00)

PO3P02 PO1POC
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3.8 A/D CONVERTER

The uPD78366A contains a high-speed, high-resolution 10-bit analog-to-digital (A/D) converter (conversion
time 12.6us at an internal clock frequency of 16 MHz). Successive approximation type is adopted. This
converter is provided with eight analog input lines (ANIO-ANI7) and can perform various operations as the
application requires, in select, scan, and mixed modes.

When A/D conversion ends, an internal interrupt (INTAD) occurs. This interrupt can start a macro service
that executes automatic data transfer through hardware.

Figure 3-14. Block Diagram of A/D Converter

ANID  O—nf Sample & hold —O AVoo
ANI1 O] : \c E f=—0O AVees
: : Resistor
ANI2 O—= 5 :ﬁ’J _L : string
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-— 1
ANIS  O— . : . Comparatgr
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lo L
= 9 0
N ADCRO
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INTCMO3 ADCR2
INTP2 Controiler
. N ADCR3
(Start trigger) ADCR4
ADCRS5
ADM &) ADCR6
PN
. ADCR7

L Lot
S Internal bus S
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3.9 SERIAL INTERFACE
The uPD78366A is provided with the following two independent serial interfaces:

* Asynchronous serial interface (UART) (with pin selection function)
» Clocked serial interface

« 3-line serial IO mode

- Serial bus interface mode (SBI mode)

Since the uPD78366A contains a baud rate generator (BRG), any serial transfer rate can be set regardless
of the operating clock frequency. The baud rate generator is a block to generate the shift clock for the transmit/
receive serial interface, and is used commonly with the two channels of the serial interfaces.

The serial transfer rate can be selected in a range of 110 bps to 38.4 Kbps by the mode register.

Figure 3-15. Block Diagram of Asynchronous Serial Interface

g Internal bus g
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-
3 T
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control — INTSER| control { o \NTST
parity —1 parity
check |- INTSR append
]
Transfer/
1 1 receive
6 16 = baud rate
| ] £ generator
o o output
B Je—fons
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Figure 3-16. Block Diagram of Clocked Serial Interface
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Figure 3-17. Block Diagram of Baud Rate Generator
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3.10 PWM UNIT

The uPD78366A is provided with two lines that output 8-/9-/10-/12-bit resolution variable PWM signals. The
PWM output can be used as a digital-to-analog conversion output by connecting an external lowpass filter, and
ideal for controlling actuators such as motors.

An output of between 244 Hz and 62.5 kHz can be obtaind, depending on the combination of the count clock
(62.5 ns to 1 us) and counter bit length (8, 9, 10, or 12) (at an internal clock frequency of 16 MHz).

Figure 3-18. Block Diagram of PWM Unit

foax  —a] g
fon2 —m 2 Overfiow
11 ALVn
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fo/8 —=i s Q
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0-9 | Coinci-
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Comparator (12)
Compare register CMPn (12)
PWM buffer register n (12)

Remark n=0,1
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3.11 WATCHDOG TIMER (WDT)

The watchdog timer is a free running timer equipped with a rion-maskable interrupt function to prevent
program hang-up or deadlock. When an error of the program is detected, the overflow interrupt (INTWDT) of
the watchdog timer occurs and the watchdog timer output pin (WDTO DTO) goes low. By connecting this output pin

to the RESET pin, any malfunctioning of the application system due to program error can be prevented.

fou2® —|

fow/2™

forw/2"—

WDT CLR
WDT STOP

Watchdog timer
(8 bits)

Overflow

Figure 3-19. Block Diagram of Watchdog Timer

Clear

S
Clear | Q—@© WDTO

fok —w

R
Timer

(5 bits)
Overflow

—————— INTWDT

Oscillation

stabilization
time control circuit
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4. INTERRUPT FUNCTIONS

4.1 OUTLINE

The uPD78366A is provided with powerful interrupt functions that can process interrupt requests from the
internal hardware peripherals and external sources. In addition, the following three interrupt processing modes
are available. In addition, four levels of interrupt priority can be specified.

» Vector interrupt processing
+ Macro service

+ Context switching

Table 4-1. Interrupt Sources

J Interrupt source Vector
Type  Not Source unit | taple | Macro | Context
Name Trigger address | Service | switching
Non- - NMI NMI pin input External 0002H
None None
maskable | _ | |NTWDT |Watchdog timer WDT 0004H
0 INTOV3 Overflow of timer 3 RPU 0006H
1 {INTPO/INTGC30| INTPO pin input/CC30 coincidence signal | Extemal/RPU | 0008H
2 INTP1 INTP1 pin input 00CAH
External
3 INTP2 INTP2 pin input 000CH
4 [INTP3/INTCC20] INTP3 pin input/CC20 coincidence signal | External/RPU | 000EH
5 INTP4 INTP4 pin input External 0010H
6 INTTMO Underflow of timer 0 0012H
7 INTCMO3 | CMO3 coincidence signal 0014H
Maskable Provided | Provided
8 INTCM10 CM?10 coincidence signal RPU 0016H
9 INTCM40 | CM40 coincidence signal ' 0018H
10 INTCM41 CM41 coincidence signal 001AH
11 INTSER Receive error of UART 001CH
12 INTSR End of UART reception UART 001EH
13 INTST End of UART transfer 0020H
14 INTCSI End of CSlI transfer/reception Csl 0022H
15 INTAD End of A/D conversion “A/D 0024H
- BRK BRK instruction - 003EH None
Software
- BRKCS BRKCS instruction - - Provided
None
Exception | - TRAP lllegal op code trap - 003CH
None
Reset - RESET Reset input - 0000H

Note Default priority : Priority that takes precedence when two or more maskable interrupts occur at the
same time. 0 is the highest priority, and 15 is the lowest.

B L427525 0084938 369 BN
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42 MACRO SERVICE
The uPD78366A has a total of five macro services. Each macro service is described below.

(1) Counter mode: EVICNT
- Operation
(a) Increments or decrements an 8-bit macro service counter (MSCQC).
(b) A vector interrupt request is generated when MSC reaches 0.

MSC

- Application example: As event counter, or to measure number of times a value is captured

(2) Block transfer mode: BLKTRS
» Operation
(a) Transfers data block between a buffer and a SFR specified by SFR pointer (SFRP).
(b} The transfer source and destination can be in SFR or buffer area. The length of the transfer data
can be specified to be byte or word. :
(¢) The number of times the data is to be transferred (block size) is specified by MSC.
(d) MSC is auto decremented by one each time the macro service has been executed.
(e) When MSC reaches 0, a vector interrupt request is generated.

SFRP Buffer N
-1 MSC °
[ )]
.
®
Buffer 1 SFR
g Internal bus g

- Application example: To transfer/receive data through serial interface

B Luy27525 0084939 275
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(3) Block transfer mode (with memory pointer): BLKTRS-P
» QOperation
This is the block transfer mode in (2) above with a memory pointer (MEMP). The appended buffer
area of MEMP can be freely set on the memory space.
Remark Each time the macro service is executed, MEMP is auto incremented (by one for byte
data transfer and by two for word data transfer).

SFRP  BufferN
o < S MSC

’/\ I
Buffer 1 SFR j

¢ Internal bus (

¢ ¢ o 0

+ Application example: Same as (2)

(4) Data differential mode: DTADIF
» Operation

(a) Calculates the difference between the contents of SFR (current value) specified by SFRP and the
contents of SFR saved to the last data buffer (LDB).

(b) Stores the resuit of the calculation in a predetermined buffer area.

(c) Stores the contents of the current value of the SFR in LDB.

(d) The number of times the data is to be transferred (block size) is specified by MSC. Each time the
macro service is executed, MSC is auto decremented by one.

(e} When MSC reaches 0, a vector interrupt request is generated.

Remark The differential calculation can be carried out only with 16-bit SFRs.

SFRP
@Q MSC
LDB { SFR
Buffer N /\

.
.
hnd 1

Buffer 1 Differential calculation

= -

Internal bus g

* Application example : To measure cycle and pulse width by the capture register of the real-time
pulse unit (RPU)

B bu2?525 0084940 T17 A
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(5) Data differential mode (with memory pointer): DTADIF-P

+ Operation
This is the data differential mode in (4) above with memory pointer (MEMP). By appending MEMP,
the buffer area in which the differential data is to be stored can be set freely on the memory space.

Remarks 1. The differential calculation can be carried out only with 16-bit SFRs.
2. The buffer is specified by the result of operation by MEMP and MSCNote, MEMP is
not updated after the data has been transferred.

Note MEMP - (MSC x2) + 2

SFRP
Buffer N @Q MSC
. LDB SFR
L}
[ ]
MEMP
Buffer 1 Differential calculation
( Internal bus K

* Application example: Same as (4)
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4.3 CONTEXT SWITCHING

This function is to select a specific register bank through the hardware, and to branch execution to a vector
address predetermined in the register bank. At the same time, it saves the present contents of the PC and PSW
to the register bank when an interrupt occurs, or when the BRKCS instruction is executed.

4.3.1 Context Switching Function by Interrupt Request

When a context switching enable flag corresponding to each maskabie interrupt request is set to 1 in the El
(interrupt enable) status, the context switching function can be started.

The context switching operation by an interrupt request is performed as follows:

(1) When an interrupt request is generated, a register bank to which the context is to be switched is specified
by the contents of the lower 3 bits of the row address (even address) of the corresponding vecior table.

(2) A predetermined vector address is transferred to the PC in the register bank to which the context is to
be switched, and the contents of the PC and PSW immediately before the switching takes place are saved
to the register bank. '

(3) Execution branches to an address indicated by the contents of the PC newly set.

Figure 4-1. Operation of Context Switching
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Registor Bank
= ©-7)

RPO
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. RP1
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4.3.2 Context Switching Function by BRKCS Instruction
The context switching function can be started by the BRKCS instruction.
The operation of context switching by an interrupt request is as follows:

(1) An 8-bit register is specified by the operand of the BRKCS instruction, and the register bank to which
the context is to be switched is specified by the contents of this register (only the lower 3 bits of 8 bits are
valid).

(2) Thevector address predeterminedinthe register bank to which the context is to be switched is transferred
to the PC, and at the same time, the contents of the PC and PSW immediately before the switching takes
place are saved to the register bank.

(3) Execution branches to the contents of the PC newly set.
4.3.3 Restoration from Context Switching
To restore from the switched context, one of the following two instructions are used. Which instruction is

to be executed is determined by the source that has started the context switching.

Table 4-2. Instructions to Restore from Context Switching

Restore instruction | Context switching starting source

RETCS Occurrence of interrupt
RETCSB Execution of BRKCS instruction

B 427525 0084943 72H W
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5. EXTERNAL DEVICE EXPANSION FUNCTION

The uPD78366A can connect external devices (data memory, program memory, and peripheral devices) in
addition to the internal ROM and RAM areas. To connect an external device, the address/data bus and read/

write strobe signals are controlled by using ports 4, 5, and 9.

Table 5-1. Pin Function with External Device Connected

Pin function with external device connected

Pin
Function Name

P40-P47 | Multiplexed address/data bus ADC-AD7

P50-P57 | Address bus A8-A15
P90 Read strobe ' RD
P91 Write strobe WR

ASTB Address strobe ASTB

M Ly27525 0084944 bbe HE
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6. STANDBY FUNCTIONS

The yPD78366A is provided with standby functions to reduce the power dissipation of the system. The
standby functions can be effected in the following two modes:

» HALT mode..... In this mode, the operating clock of the CPU is stopped. By using this mode in
combination with an ordinary operation mode, the #PD78366A operates
intermittently to reduce the total power dissipation of the system.

+ STOP mode .... In this mode, the osciliator is stopped, and therefore the entire system is stopped.
Therefore, power dissipation can be minimized with only a leakage current
flowing.

Each mode is setthrough software. Figure 6-1 shows the transition of the status inthe standby modes (STOP
and HALT modes).

Figure 6-1. Transition of Standby Status

B bEy27525 0084945 579 EE
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7. RESET FUNCTION

When a low level is input to the RESET pin, the system is reset, and each hardware enters the initial status
(reset status). When the RESET pin goes high, the reset status is released, and program execution is started.
Initialize the contents of each register through program as necessary.

Especially, change the number of cycles of the programmable wait control register as necessary.

The RESET pin is equipped with a noise rejecter circuit of analog delay to prevent malfunctioning due to noise.

Cautions 1. While the RESET pin is active (low level), all the pins go into a high-impedance state
(except WDTO, AVrer, AVoo, AVss, Voo, Vss, X1, and X2 pins).
2. When an external RAM is connected, do not connect a pull-up resistor to the P90/RD and
P91/WR pins, because the P90/RD and P91/WR pins may go into a high-impedance state,
resulting in destruction of the contents of the external RAM. In addition, signal contention
occurs on the address/data bus, resulting in damage to the input/output circuit.

Figure 7-1. Accepting Reset Signal

RESET input

|
!
!
'
i
1
1
1
1
1
1

I
}
|
]
1

1 Anaiog | ¢ Analog 1 Analog |

1

delay delay A delay A
Rejected Reset Reset
as noise accepted released

To effect reset on when power is applied, make sure that sufficient time elapses to stabilize the oscillation
after the power is applied until the reset signal is accepted, as shown in Figure 7-2.

Figure 7-2. Reset on Power Application
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8. INSTRUCTION SET

Describe an operand in the operand field of each instruction according to the description method of the

instruction
operands.

(for details, refer to the Assembler Specifications). Some instructions have two or more
Select one of them. Uppercase characters, +, - #, 8,1, [, and ] are keywords and must be

described as is.

Describe an appropriate numeric value or label as immediate data. To describe a label, be sure to
describe #, $, 1, [, or 1.

Table 8-1. Operand Representation and Description

Representation Description

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

r1 RO, R1, R2, R3, R4, R5, R6, R7

r2 C,B

p RPOQ, RP1, RP2, RP3, RP4, RP5, RP§, RP7

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

p2 DE, HL, VP, UP

sfr Special function register symbol (Refer to Table 2-1.)

sfrp Special function register symbol (register that can be manipulated in 18-bit units. Refer to Table
2-1.)
RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7

post (More than one symbol can be described. However, RP5 can be described only for PUSH and
POP instructions, and PSW can be described only for PUSHU and POPU instructions.)
[DE], [HL], [DE +], [HL +], [DE -}, [HL <, [VP], [UP] ; register indirect mode

mem [DE + A, [HL + A}, [DE + B), [HL + B}, [VP + DE}, [VP + HL] ; based indexed mode
IDE + 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 (however, bit = 0) or label (manipulated in 16-bit units)

$ addr16 0000H-FDFFH immediate data or label; relative addressing

! addr16 0000H-FDFFH immediate data or label; immediate addressing
(However, up to FFFFH can be described for MOV instruction. Only FEQOH-FEFFH can be
described for MOVTBLW instruction.)

addr11 800H-FFFH immediate data or label

addrs 40H-7EH immediate data (however, bitd = 0)Not 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 (0-7)

Note Do not access bit0 = 1 {odd address) in word units.

Remarks 1.

rpandrpl are the same in terms of register name that can be described but are different in code
to be generated.

r.r1,rp,rp1, and post can be described in absolute name (RO-R15, RP0O-RP7) and function name
(X, A, G, B, E, D, L, H, AX, BC, DE, HL, VP, and UP).

Immediate addressing can address the entire space. Relative addressing can address only a
range of -128 to +127 from the first address of the next instruction.

B b427525 0084947 371 WA
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@
.§ Flag
S | Mnemonic Operand Byte Operation
g S Z AC PN CY
r1, #byte 2 | rl « byte
saddr, #byte 3 | (saddr) « byte
sfriote, upvie 3 | sir  byte
T, ri 2 {rernl
A, ri 1 Aerl
A, saddr 2 | A« (saddr)
saddr, A 2 | (saddr) « A
saddr, saddr 3 | (saddr) « (saddr)
A, sfr 2 | Aesfr
sfr, A 2 |sfrA
MOV A, mem 1-4 | A & (mem)
mem, A 1-4 | (mem) « A
& A, [saddrp] 2 | A« ((saddrp))
§ [saddrp], A 2 | ((saddrp)) « A
§ A, laddr16 4 | A« (addr16)
3 taddril6, A 4 | (addr16) «— A
® PSWL, #byte 3 | PSWL « byte X X X x x
PSWH, #byte 3 | PSWhH « byte
PSWL, A 2 | PSWL« A X X x x X
PSWH, A 2 PSWhH « A
A, PSWL 2 | A< PSWL
A, PSWH 2 | A« PSWy
A, ri 1 |Aern
r, ri 2 [resrl
A, mem 2-4 | A e (mem)
XCH A, saddr 2 | A e (saddr)
A, sir 3 | Ao sfr
A, [saddrp) 2 | A & ((saddmp))
saddr, saddr 3 | (saddr) & (saddr)

Note When STBC or WDM is described as sfr, this instruction is treated as a dedicated instruction whose
number of bytes is different from that of this instruction.

Remark For symbols in flag, refer to the table below.

56

Symbol Remarks
(Blank) No change
0 Cleared to 0
1 Setto 1
x Set/cleared according to result
P P/V flag functions as parity flag
\Y P/V flag operates as overflow flag
R Value previously saved is restored
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)
.é Flag
5 | Mnemonic Operand Byte Operation
E 8§ Z AC PN CY
rp1, #word 3 | rp1 « word
saddrp, #word 4 | (saddrp) < word
sfrp, #word 4 | sfrp « word
rp, rp1 2 | rp«rpl
AX, saddrp 2 | AX « (saddrp)
saddrp, AX 2 | (saddrp) « AX
- MOVW | saddrp, saddrp 3 | (saddrp) « (saddrp)
§ AX, sfrp 2 | AX «sfip
s sfrp, AX 2 | sfrp « AX
? rp1, laddr16 4 | rp1 « (addri16)
E taddr16, rp1 4 | (addri6) < rp1
- AX, mem 2-4 | AX < (mem)
mem, AX 2-4 | (mem) « AX
AX, saddrp 2 | AX & (saddrp)
AX, sfrp AX & sfrp
XCHwW saddrp, saddrp (saddrp) <+ (saddrp)
rp, p1 2 | mperpl
AX, mem 2-4 | AX & (mem)
A, #byte 2 | A CY « A +byte X x x V
saddr, #byte 3 | (saddr), CY « (saddr) + byte X x x V
sfr, #byte 4 1 sfr, CY &« sfr + byte X x x V
r,rl 2 LCYéer+rt X X x V
ADD A, saddr 2 | A CY « A 4+ (saddr) x x x V
A, sfr 3 | A, CY « A +sfr X x x V
- saddr, saddr 3 | (saddr), CY « (saddr) + (saddr) X x x V
"g A, mem 2-4 | A, CY « A + (mem) x x x V
§- mem, A 2-4 | (mem), CY « (mem) + A x x x V
E A, #byte 2 | A CY « A +byte + CY x x x V
saddr, #byte 3 | (saddr), CY « (saddr) + byte + CY x x x V
sfr, #byte 4 | sfr, CY « sfr + byte + CY X x x V
r, 2 CY e—r+rt +CY X X x V
ADDC | A, saddr 2 | A CY « A + (saddr) + CY x x x V
A, sfr 3 A, CY <« A+sfr+CY X x x V
saddr, saddr 3 | {saddr), CY « (saddr) + (saddr) + CY X x x V
A, mem 2-4 | A,CY « A+ (mem) + CY x x x V
mem, A 2-4 | (mem), CY « (mem) + A + CY X x x V
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@

s Flag

3 | Mnemonic Operand Byte Operation

:"é S Z AC PN CY
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, rl 2 {rCYer-n x x x V x

sSuB 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 VvV x
A, mem ) 2-4 | A,CY « A - (mem) x x x V x
mem, A 2-4 | (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 ¢« sir - byte = CY X X x V x

'% r, r1 2 |rCYer=-rt-CY X x x V x

g SUBC A, saddr 2 | A, CY « A - (saddr) -CY X x x V x

5 A, sfr 3 | A CYe«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 2-4 | (mem), CY « (mem) —A-CY x x x V x
A, #byte 2 | A— A nbyte X X P
saddr, #byte 3 | (saddr) « (saddr) A byte X X P
sfr, #byte 4 | sfr « sfr A byte X X P
r, ri 2 |rerarl X X P

AND | A, saddr 2 | A A (saddr) x P

A, sfr 3 |Ae=Ansfr X % P
saddr, saddr 3 | (saddr) « (saddr) A (saddr) X X P
A, mem 2-4 | A« A A (mem) . X X P
mem, A 2-4 | (mem) < (mem) A A X X P
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2
2 Flag
S | Mnemonic Operand Byte Operation
E S Z ACPNVCY
A, #byte 2 | A« Avbyte X X P
saddr, #byte 3 | (saddr) « (saddr) v byte X X P
sfr, #byte 4 | sfr « sfr v byte X X P
r, r1 2 (rervrl X X P
OR A, saddr 2 | A« Av (saddr) X X P
A, sfr 3 |A=Avsir X X P
saddr, saddr 3 | (saddr) « (saddr} v (saddr) X X P
A, mem 2-4 | A« A v (mem) X X P
mem, A 2-4 | (mem) « (mem)/A X X P
A, #byte 2 | A= Axbyte X X P
saddr, #byte 3 | (saddr) « (saddr) « byte X X P
sfr, #byte 4 | sfr « sfr+ byte X X P
'é r, rl 2 |rer=rt X X P
g’. XOR A, saddr 2 | A« A~ (saddr) X % P
5 A, sfr 3 [AcAxst x  x P
® saddr, saddr 3 | (saddr) « (saddr) « (saddr) X X P
A, mem 2-4 | A« A (mem) X X P
mem, A 2-4 | (mem) « (mem) = A X X P
A, #byte 2 | A-byte x x x V x
saddr, #byte 3 | (saddr) - byte X x x V x
sfr, fibyte 4 | sfr - byte X x x V x
r, rl 2 r-ri X %X x V x
CMP A, saddr 2 | A~ (saddr) x x x V x
A, sfr 3 | A-sfr X x-x V x
saddr, saddr 3 | (saddr) - (saddr) x x x V x
A, mem 2-4 | A - (mem) X x x V x
mem, A 2-4 | (mem) - A X x x V x
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Relative
operation

endifC=0orcy=1

L]
c
S Flag
S | Mnemonic Operand Operation
2 AC PV CY
AX, #word 3 | AX, CY « AX + word x V x
saddrp, #word 4 | (saddrp), CY « (saddrp) + word x V x
sfrp, #word 5 | sfrp, CY « sfrp + word x V x
ADDW | rp, rp1 2 |, CY «rp+mpt x V x
AX, saddrp 2 | AX, CY « AX + (saddrp) x V x
AX, sfrp 3 | AX, CY « AX + sfrp x V x
saddrp, saddrp 3 | {saddrp), CY « (saddrp) + {saddrp) x V x
AX, #word 3 | AX, CY « AX - word x V x
c saddrp, #word 4 | (saddrp), CY < (saddrp} — word x V x
2
® sfrp, #word 5 | sfrp, CY « sfrp — word x V x
o] -
g | SUBW | rp, rp1 2 |, CY < rp—rpt x V x
2 AX, saddrp 2 | AX, CY « AX ~ (saddrp) x V x
- AX, sfrp 3 | AX, CY « AX — sfrp x V x
saddrp, saddrp 3 | (saddrp), CY « (saddrp) — (saddrp) x V x
AX, #word 3 | AX - word x V x
saddrp, #word 4 | (saddrp) - word x V x
sfrp, #word & | sfrp - word x V x
CMPW | rp, rpt 2 | rp-rpt X V x
AX, saddrp 2 | AX - (saddrp) x V x
AX, sfrp 3 | AX~ sfrp x V x
saddrp, saddrp 3 | (saddrp) — (saddrp) x V x
g MULU | 2 | AX e AXxn
§ _5 DIVUW | r1 2 | AX (quotient), r1 (remainder) « AX =+ r1
=@
._—i'_‘% MULUW | rp1 2 | AX (higher 16 bits), rp1 {lower 16 bits) < AX x rp1
= —
= DIVUX | rp1 2 | AXDE (quotient), rp1 (remainder) & AXDE = rp1
335
5= £ MuLW rpil AX (higher 16 bits), rp1 (lower 16 bits) « AX x rp1
wgs
25 AXDE « (B) x (C) + AXDE
'E-gg MACW | n B—B+2,CC+2,nen-~ 1 x V x
3 .
NDEG Endifn=0o0r PV =1
- AXDE « (B) x (C) + AXDE
g;.gz BeB+2,C«C+2,ne=n-1
3 i S if overflow (P/V = 1) then
a2 g MACSW | n AXDE « 7FFFFFFFH x V x
¢s g if underflow (P/V = 1) then
Eg AXDE < 80000000H
@ endifn=0or PV =1
AX « AX + | (DE) - (HL) |
SACW | [DE +], [HL +] DE—DE+2HLeHL+2CeC—1 x V x
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w
o
S Flag
3 | Mnemonic Operand Byte Operation
g S Z AC PN CY
D (addr16 + 2) « (addr16), n « n-1
SE MOVTBLW| !addri16, n 4
=@ addr16 «addr16-2, Endifn=0
r1 1 Merl+1 X x x V
INC
= saddr 2 (saddr) « {saddr) + 1 x X x V
(<1
£ r1 1 rtert-1 X X x V
o DEC
2 saddr 2 | {saddr) < (saddr) — 1 X x x V
2 rp2 1 P2 2 + 1
g iNcw |5 perP
g saddrp 3 (saddrp) « (saddrp) + 1
[
- rp2 1 p2 «—rp2 -1
DECW P P P
saddrp 3 (saddrp) « (saddrp) — 1
ROR 1, n 2 (CY, r17 < r1o, rlm-1 « rim) x n times P x
ROL . r1,n 2 (CY, rto & r17, rm+1 &« rlm) x n times P x
RORC ir1,n 2 (CY & rlo, 117 « CY, rim1 & r1m) x n times P x
ROLC |r1,n 2 (CY « 117, 1o « CY, rIm. 1 & rim) x n times P x
SHR ri, n 2 (CY «rto, 117 « 0, rim-1 ¢ rim) x n times x x 0 P x
SHL |r1,n 2 (CY < r17,rto « 0, rm+1 & r1m) x n times x x 0 P x
O
kS| CY « rpio, rpi 0, rpIm-1 «1p1
S | SHRW [ip1,n p | Ve PI0Pls <0, 1pln-1 —rpln) x x 0 P x
%
%5 CY « rpl1s, rplo ¢ 0, rpim. rpi
SHLW |rp1, n 2 Lnﬁ;ezw Plo 0, Plme 7 & rpin) x x 0 P x
) Az-0 « (rp1)s-o,
ROR4  |[rp1) 2 | {rpl)7-¢ & As-u,
{rp1)3-0 & (rp1)7-4
As-o0 « (rp1)7-q,
ROL4 | [rp1] 2 (rp1)a-o0 « Aa-o,
(rp1)7 -4 « (p1)s-o
S| ADJBA
§*§ 2 Decimal Adjust Accumelator x x 0 P x
2| ADJBS
[+
o
o
w P
% 5| ovrew 1 When A7 = 0, X « A, A «— 00H
o2 When A7 =1, X — A, A « FFH
Q
(&

Remarks 1. n of the shift rotate instruction indicates the number of times the shift rotate instruction is
executed. )

2. The address of the tabile shift instruction ranges from FEOOH to FEFFH.
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m
8 Flag
g Mnemonic Operand Byte Operation
2 S Z AC PV CY
CY, saddr.bit 3 | CY ¢« (saddr.bit) X
CY, sfr.bit 3 | CY « sfr.hit X
CY, A.bit 2 | CY « Abit x
CY, X.bit 2 | CY « X.bit X
CY, PSWH.bit 2 | CY « PSWh.bit x
CY, PSWL.bit 2 | CY « PSWLbit x
MOV1
saddr.bit, CY 3 | (saddr.bit) & CY
sfr.bit, CY 3 | sfr.bit « CY
A.bit, CY 2 | AbiteCY
X.bit, CY 2 | X.bit < CY
PSWH.bit, CY 2 | PSWh.bit « CY
PSWL.bit, CY 2 | PSWebit « CY X X X
CY, saddr.bit 3 | CY « CY A (saddr.bit) x
CY, /saddr.bit 3 | CY « CY  (sadar.bit) x
CY, sfr.bit 3 | CY « CY a sfr.bit x
CY, /sir.bit 3 | CY « CY A sfrbit X
S CY, A.bit 2 | CY «CY A Abit x
:‘;; ANDA CY, /A.bit 2 | CY « CY A Abit x
g CY, X.bit 2 | CY « CY A X.bit x
5 CY, /X.bit 2 | CY « CY A X.bit x
CY, PSWH.bit 2 | CY « CY A PSWs.bit x
CY, /PSWH.bit 2 | CY « CY o PSWu.bit x
CY, PSWL.bit 2 | CY « CY A PSWuLbit x
CY, /PSWL.bit 2 | CY « CY A PSWubit 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, Isfr.bit 3 | CY « CY v sfrbit x
CY, A.bit 2 | CY « CY v Aubit x
CY, /A.bit 2 | CY «CYv Abit x
OR1 CY, X.bit 2 | CY « CY v X.bit x
CY, /X.bit 2 | CY « CY v Xobit x
CY, PSWH.bit 2 | CY « CY v PSWau.bit x
CY, /PSWH.bit 2 | CY & CY v PSWh.bit x
CY, PSWL.bit 2 | CY « GY v PSWobit x
CY, /PSWL.bit 2 | CY « CY v PSWLbit x
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(2]
c
S Flag
3 | Mnemonic Operand Byte Operation
2 S Z AC PNV CY
CY, saddr.bit 3 | CY « CY~~(saddr.bit) x
CY, sfr.bit 3 CY « CY ~ sfr.bit X
CY, A.bit 2 CY « QY «~ A.bit X
XOR1
CY, X.bit 2 CY « CY - X.hit x
CY, PSWH.bit 2 CY « CY « PSWhu.bit X
CY, PSWL.bit 2 CY « CY -+ PSWLbit 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
(=]
3 saddr.bit 2 | (saddr.bit) — ©
b=
g— sfr.bit 3 | sfrbite0
[0
£ A.bit 2 A.bit — 0O
E‘I"—) CLR1
X.bit 2 X.bit « 0
PSWH._bit 2 PSWhu.bit « 0
PSWL. .bit 2 PSWubit <« 0 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 « PSWLo.bit X X % x
SET1 CcY 1 CY 1 1
CLR1 CcY 1 CY &0 0
NOT1 | CY 1 | GY « CY x
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Flag
Mnemonic Operand Byte Operation

Instructions

S Z AGC PNV CY

(SP = 1) & (PC + 3)n, (SP - 2) « (PC + 3).,

(SP = 1) « (PC + 2}, (SP —2) « (PC + 2),

CALLF | laddr11 2 | PGis-11 « 00001, PCro-0 « addri1, SP « SP—2

(SP=1) & (PC+ 1)n, (SP ~2) « (PC + 1),
CALLT | [addr5] 1 | PCh « (TPF, 00000000, addr5 + 1),
PCL « (TPF, 00000000, addr5 ), SP « SP -2

(SP~1) « (PC + 2}u, (8P -2) « (PC + 2)u,
PCx « rp1h, PCL e~ rptL, SP - SP -2

rp1 2

CALL
(SP - 1) « (PC + 21, (SP - 2) « (PC + 2},

[rp1] 2 | PChe (rp1 + 1), PCL < (1p1), SP - SP— 2

(SP — 1) « PSWx, (SP - 2) « PSWL

(SP —3) & (PC + 1)u, (SP —4) « (PC + 1),
PCL « (003EH), PCx « (003FH),
SP—SP-4,IE«0

RET 1 | PCL« (SP),PCu ¢ (SP +1),SP <SP +2

PCL « (SP), PCh « (SP +1)
RETB 1 | PSWL « (SP + 2), PSWh < (SP + 3) R R R R R
SP« SP +4

PCL « (SP), PCx « (SP + 1)
RETI 1 | PSWL « (SP + 2), PSWh « (SP + 3) R R R R R
SP«SP+4

Call/return

BRK 1

(SP — 1) & sirn
sfrp 3 | (SP ~2) e sfr.
' SP&«8P-2

{(SP ~ 1) « postx, (SP —2) « post, SP « SP
-2} x n times

PSW 1 (SP =1) « PSWh, (SP — 2) « PSWL, SP « SP -2

{(UP = 1) « postn, (UP — 2) & post., UP « UP
-2} x ntimes

PUSH
post 2

PUSHU | post 2

sfrL « (SP)
sfrp 3 | sfrie (SP+1)
SP«SP+2

POP {postL « (SP), postr « (SP + 1), SP « SP + 2}

x n times
PSW 1 | PSWL (SP), PSWn e (SP+1),SP«SP+2|R R R R R

post 2

Stack manipulation

{postL « (UP),posts « (UP + 1), UP « UP + 2}

POPU post 2 .
X n times

SP « word
SP « AX
AX « SP
SP « SP + 1
SP— SP-1

SP, #word
MOVW | SP, AX
AX, SP
INCW SP

DECW | SP

DI [N

Remark n of the stack manipulation instruction is the number of registers described as post.
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o0
c
2 Flag
S | Mnemonic Operand Byte Operation
2 S Z AC PNV CY
.‘g CHKL | sfr 3 | (pin level) ~ (signal level before output buffer) X X P
[
c% CHKLA | sir 3 | A« (pinlevel)«(signalievel before outputbuffer) | x x P
® laddr16 3 PC « addr16
o -
%:zg BR rpt 2 | PCh <« rptn, PCLerpis
85 [rp1] 2 | PCH« (rp1 + 1), PCL « (rp1)
|~
> $addr16 2 | PC« PC + 2 + disp8
BC
BL Saddr16 2 PC « PC +2 +disp8if CY = 1
BNC :
$addri6 2 | PC«PC+2+jdisp8ifCY = 0
BNL
BZ
$addr16 2 | PCePC+2+disp8ifz=1
BE
BNZ
$addr16 2 |PC«PC+2+disp8ifZ=0
BNE .
BV
$addri6 2 PC « PC + 2 + disp8 if P/V = 1
BPE
BNV
$addr16 2 | PC«PC+2+jdisp8if P/V=0
BPO
BN $addri6 2 | PC«PC+2+jdisp8ifS=1
BP $addr16 2 |PC—PC+2+jdisp8ifS=0
L
§ BGT Saddri6 3 | PC—PC+3+|disp8if(P/V+8)/Z=0
f_: BGE | $addri6 3 | PC«PC+3+jdisp8 if P/V~S=0
§ | BLT [saddrs 3 | PC—PC+3+jdisp8 if PV S = 1
£
S BLE $addri6 3 | PC—PC+3+jdisp8if (P/V~8)/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 sir.bit = 1
BT A.bit, $addri6 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 PSWw.bit = 1
PSWL.bit, $addr16 | 3 PC « PC + 3 + jdisp8 if PSWL.bit = 1
saddr.bit, $addr16 | 4 | PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $Saddri6 4 PC « PC + 4 + jdisp8 if sfr.bit = 0
BF A.bit, Saddr16 3 PC « PC + 3 + jdisp8 if A.bit = 0
X.bit, $addr16 3 PC « PC + 3 + jdisp8 it X.bit = 0
PSWH.bit, $addri6| 3 PC « PC + 3 + jdisp8 if PSWr.bit = 0
PSWL.bit, $addr16 { 3 PC « PC + 3 + jdisp8 if PSWvLbit = 0
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(]
s
2 Flag
S | Mnemonic Operand Byte Operation
2 Z AC PNV CY
. PC « PC + 4 + jdisp8 if (saddr.bit) = 1
saddr.bit, $addr16 4 5
it, $a then reset (saddr.bit)
sfr.bit, $addr16 4 PC—PC+4+ jdis;?8 if sfr.bit = 1
then reset sfr.bit
Abit, $addris g | PG PC+3+]disp8 if Abit = 1
then reset A.bit
BTCLR — - -
X.bit, $addr16 3 PCePC+3+ jdls_pB if X.bit = 1
then reset X.bit
i PC « PC + 3 + jdisp8 if PSWh.bit = 1
PSWH.bit, $addri6
it, Sadar 8 then reset PSWh.bit
. PC « PC + 3 + jdisp8 if PSWL.bit = 1
PSWL.bit, Saddr16 3 X x
- bit, Saddr : then reset PSWL.bit xox X
o
fed o N .
© . PC « PC + 4 + jdisp8 if (saddr.bit) = 0
g saddr.bit, $addr16 | 4 ]
5 r-bit, $addr then set (saddr.bit)
[\
< . ge . -
:g sfr.bit, $addri6 4 PC—PC+4+ jdl.sp8 if sfr.bit=0
2 then set sfr.bit
[«
o . )
. PC « PC + 3 +jdisp8 if A.bit=0
A.bit, 1 .
bit, $addr16 8 then set A.bit
BFSET
. PC « PC + 3 + jdisp8 if X.bit=0
X.bit
bit, $addr16 8 then set X.bit
. PC « PC + 3 + jdisp8 if PSWu.bit = 0
P! .bit
SWH.bit, $addr16 | 3 then set PSWx.bit
) PC « PG + 3 + jdisp8 if PSWLbit = 0
P .
SWL.bit, $addri6 | 3 then set PSWLbit X X X X
2«rmr2-1
, & 1 ’ . .
2, $addr16 2 then PG « PC + 2 + jdisp8 if 2 # 0
DBNZ
(saddr) « (saddr) — 1,
ddr, $addr16 3 _— .
saddr, $ then PG « PC + 3 + jdisp8 if (saddr) = 0
@ PCh & RS5, PCL <> R4, R7 « PSWh
RB 2 ; : ’
£ BRKCS | RBn R6 « PSWL, & RBS2~0 « n, RSS « 0, IE « 0
E PCH « RS, PCL « R4, R5, R4 « addri6
7 ! 1 ! T R R R R
% RETCS | laddrié 8 | PswWw e R7, PSW. « R6
€
=] . PCH « R5, PCL « R4, R5, R4 « addr16 R R R R
© | RETCSB | ladari6 * | PSWw  R7, PSW.  R6
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w
c
L
S | Mnemonic Operand B . Flag
£ p yte Operation
(723
[~
=~ S Z AC PNV CY
[DE +], A 5 |(DE+)« A CeC-1
MOVM EndifC =0
[DE-1 A o [(PE-)eA CeC-1
EndifC=0 :
[DE +], HL +] o |(DE+) e (HL+),CeC-1
MOVBK EndifC=0
[DE -], [HL -] 5 |PE-)& (HL-),C«C~1
EndifC=0
[DE +}, A s |DE+)© A Ce-C-1
XCHM EndifC=0
[DE-], A 5 | (DE-)o A CeC-1
EndifC=0
[DE +1], [HL +] s |BE+)o (HL+),CeC~-1
'XCHBK Endif C =0
[DE -], [HL~] 5 |PE-)e (HL-),CeC-1
EndifC=0
[DE +], A 2 |PE+)-ACeC-1
CMPME 'EndifC=00r2=0 X X X \Y) e
[DE-], A s |(DE-}=-A CeC-1
,E’ EndifC=00rZ=0 X X x V x
@
[DE + ], [HL +] 5 |DE+)—(HL+),CeC-1
CMPBKE EndifC=0o0rZ=0 X x x V x
[DE -], [HL - 5 |(DE-)~(HL-),CeC-1
[ ] EndifC=00rZ=0 X X x V x
[DE+], A 5 | (DE+)-A CeC-1
CMPMNE EndifC=00rZ =1 X x x V x
i[DE-],A 5 |(PE-)-A,CeC-1
. EndifC=00rZ=1 X X x V x
[DE +], [HL + o |PE+)~(HL+),CeC-1
CMPBKNE s EndifC=00rz=1 X xox Vox
[DE -], [HL - o |DE-)=(HL-),CeC-1
[ ] EndifC=0o0orZ=1 X X x V x
[DE +], A 5> |(DE+)-A CeC-1
CMPMC EndifC=00orCY=0 X x x V x
[DE-1, A o |(PDE=)-ACeC-1
EndifC=00rCY =0 x x x V x
[DE +1, [HL +] o | PE+)—(HL+),CeC~1
CMPBKC EndifC=00rCY=0 X x x V x
[DE -], [HL -} o {(DE~)-(HL-),C«C-1
Endifc:OOrCY=0 X X X v X
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(2]
c
8 Flag
§ Mnemonic Operand Byte Operation
2 S Z AC PNV CY
(DE+)-A, CeC-1
[DE +]. A 2 | EndifG=0orCY =1 x xox VX
CMPMNC DE—) - A Oeo
-)- «~C-1
£ .
o (DE -1, A 2 | EndifC=0o0rCY =1 X xox Vox
& (DE+)=(HL+),CC-1
[DE +], HL +] 2 | EndifC=0orCY = 1 x x ox VX
CMPBKNC P
-)=(HL-),CeC~1
[DE -], HL -] 2 | EndifC=0orCY =1 x x ox Vox
STBC, #byte 4 | STBC ¢ byteNote
MOV
WODM, #byte 4 | WDM & byteNote
s SWRS 1 | RSS « RSS
€ RBn 2 | RBS2-0+ n,RSS « 0
o SEL
2 RBn, ALT 2 |RBS2-0&n, RSS « 1
© NOP 1 No Operation
Ei 1 IE « 1 (Enable Interruptt)
Di 1 IE « O (Disable Interrupt)

Note If the op code of the STBC register and WDM register manipulation instructions is wrong, an op code
trap interrupt occurs.

Operation on trap:

(SP = 1) & PSWhH, (SP — 2) « PSWL,

(SP - 3) « (PC - 4)4, (SP -4) « (PC -4,
PCL « (003CH), PCH « (003DH),
SP—SP-4,IE«0

M L42?525 0084960 05 M
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9. EXAMPLE OF SYSTEM CONFIGURATION

Controlling outdoor apparatus of inverter air conditioner

£ PD78366A
- - - mEEme BSOS .- - e m e wow - - SCeoeemoene .- -.
' Real-time puise unit .
' | CM03 I '
] 1
: Dead time setting register !
v [un H 16ittimer | ;
' ) ;
[ ] ]
[} )
! I MO0 1 : U {TO00
] T
: : U_tToot inverter
] ]
1 1
: - Pulse generation ' V_1T002
t T
) EAQ_I circuit '
] vV |To03
13 ]
1 [ 4
1 L}
1 ]
' cMo2 | ; W 17004
. : ' W 1005
{Analog signal) ' )
»chowg : ..... Cemmacrcama~ ceecsamma L S -:
supply monitor
Extemalt | o ROM 32K bytes gj?
Thermal exc ANI2 10-bit A/D RAM 2K s General- 4-way vaive
nemim: ANI3 converter AM 2K byte purpose port gjg 2-way vatve
Outlet temperatre ™ AN4 Outdoor fan
[ motor
Inlet temperature
POO__ | steppin
DG monitor —NMI Programmable Reakt POT. | motar
INTP1 interrupt ou?; ut'g;ert P02 (electronic
expansion
‘emﬁ%mg; controller P03 val?/e)
RxD,
Indoor apparatus Serial
controller _TxD interface
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* 10. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbot Test conditions Rating Unit
Power supply voltage Voo ‘ -0.5 to +7.0 \
AVpo -0.5 to Voo + 0.5 A
AVss -0.5to +0.5 Vv
Input voltage Vi Pins other than -0.5 to Voo + 0.5 Vv
P70/ANIO-P77/ANI7
Output voltage Vo ~0.5 to Voo + 0.5 \'
Low-level output current : loL Note 20 mA
Output pins other than 4.0 mA
those in the note
Total of all output pins 200 mA
High-level output current fou All output pins . -3.0 mA
Total of ail output pins -25 mA
Analog input voltage Vian P?O/ANiO-P77/ANI7 pins | AVss -~ 0.51to AVop + 0.5 \'
A/D converter reference input voltage | AVeer AVss - 0.5 to AVoo + 0.5 \Y
Operating ambient temperature Ta -40 to +85 °C
Storage temperature Teag —60 to +150 °C

Note POO/RTPO-PO3/RTP3, P04/PWMO, POS/TCUD/PWM1, PO6/TIUD/TO40, PO7/TCLRUD, P10-P17; and
P80/TO00-P85/TO05 pins.

Caution Product quality may suffer if the absolute rating is exceeded for any parameter, even
momentarily. In other words, an absolute maxumum rating is a value at which the
possibility of psysical damage to the product cannnot be ruled out. Care must therefore
be taken to ensure that the these ratings are not exceeded during use of the product.

Recommended Operating Conditions

Oscillation frequency Ta Voo
3 MHz < fxx £ 8 MHz -40 to +85 °C ‘ +5.0V10%

Capacitance (Ta = 25 °C, Vss = Voo = 0 V)

Parameter Symbol Test conditions MIN. TYP. MAX. Unit
Input capacitance Ci f=1MHz 20 pF
Output capacitance Co 0 V except measured pins : 20 pF
1/0 capacitance Cio 20 pF

B Lu27525 00849kL2 LAS N
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Oscillator Characteristics (Ta = ~40 to +85 °C, Vob = +5 V + 10 %, Vss = 0 V)

Resonator Recommended circuit Parameter MiN. MAX. Unit
Ceramic resonator or Oscillation frequency (fxx) 3 8 MHz
crystal resonator Vss X1 X2

Ve i—l Cl;_-{ 5

5 _ETJ |

7
External clock X1 input frequency (fx) 3 8 MHz
| X1 x2 | - -
Leave unconnected X1 rise/fall time (txa, txF) 4] 30 ns
HCMOS
inverter X1 input high-/low-level 40 170 ns
width (twxH, twxi)

Caution When using system clock oscillation circuits, to reduce the effect of the wiring

capacitouce, etc, wire the area indicated by dotted-line as follows:

+ Make the wiring as short as possible.

+ Do notallow the wiring to intersect other signallines. Keep it away from other lines in which

varying high currents flow.

» Make sure that the ground point of the oscillation circuit capagcitor is always at the same
electric potential as Vss. Do notallow the wiring to be grounded to a ground pattern in which

very high currents are flowing.

+ Do not extract signals from the oscillation circuit.

B L427525 0084963 514 EE
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DC Characteristics (TA = —40 to +85 °C, Vop = +5 V + 10 %, Vss = 0 V)

Parameter Symbol Test conditions MIN. TYP. MAX. Unit
Low-level input voitage Vi1 Note 1 0 0.8

Viez Note 2 0 0.2Voo Y

High-level input voitage Vit Note 1 2.2 A

Vinz Note 2 0.8Vop Vv

Low-level output voltage; Voui Note 3 loL = 2.0 mA 0.45 Vv

VoLz Note 4 lot = 15 mA 1.5 Vv

Vous Note 5 lov = 10 mA 1.5 Vv

High-level output voltage Vo lon = =400 gA Voo - 1.0 \
Input leakage current lu 0V < Vi< Voo, AVoo = Voo +10 LA
Output leakage current fLo 0 V < Vo £ Voo, AVop = Voo +10 uA
Voo supply current loo1 Operating mode 70 120 mA
loo2 HALT mode 45 70 mA

Data retention voltage Vooor STOP mode 25 vV
Data retention current looor STOP mode | Vooor = 2.5 V 2 10 - HA
Vooor =50V + 10 % 10 50 HA

Pull-up resistance Re Vi=0V 15 60 150 KQ

Notes 1. Pins other than those specified in Note 2.

2. RESET, X1, X2, P20/NMi, P21/INTPO, P22/INTP1, P23/INTP2, P24/INTP3/TI, P25/INTP4, P32/
SO/SB0, P33/S1/SB1 and P34/SCK pins.

3. Pins other than those specified in Notes 4 and 5.

4. P80/TO00-P85/TO05 pins (When loL = 15 mA is in operation, up to three pins can be ON
simultaneously.) :

5. POO/RTPO-PO3/RTP3, PO4/PWMO, PO5/TCUD/PWM1, PO6/TIUD/TO40 and PO7/TCLRUD pins
(When loL = 10 mA is in operation, up to four pins can be ON simultaneously.) as well as P10-P17
pins (When loL = 10 mA is in operation, up to four pins can be ON simultaneously.).

Caution When the P80-P85, P00-P07, and P10-P17 pins are not used under the conditions specified

72

in Notes 4 and 5, they have the same characteristics as (in Note 3.
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AC Characteristics (Ta = —40 to +85 °C, Voo = +5 V + 10 %, Vss = 0V, CL = 100 pF, fxx = 8 MHz)

Read/Write Operation (when general-purpose memory is connected)

Parameter Symbol Test conditions MIN. MAX. Unit
System clock cycle time tovk 62.5 166.7 ns
Address setup time (vs. ASTB 1) tsast 7 ns
Address hold time (vs. ASTB .) tHsTa 11 ns
RD | — address float time trRa 24 ns
Address — data input time toan 100 ns
RD ! - data input time torip 49 ns
ASTB | — RD ! delay time tosTR 15 ns
Data hold time (vs. RD T) turiD 0 ns
RD T - address active time tora 17 ns
RD low-level width twh 63 ns
ASTB high-level width twsTH 14 ns
WR | - data output time towoo 21 ns
ASTB ! - WR ! delay time tosTw 15 ns
WR T — ASTB 7 delay time towsT 78 ns
Data setup time (vs. WR 1) tsoow 57 ns
Data hold time (vs. WR T) thwoo 8 ns
WR low-level width twwi 63 ns
tevk-dependent Bus Timing Definition
Parameter Arithmetic expression MIN./MAX. Unit
tsast (0.5+a)T-24 MIN. ns
thsTa 0.5T - 20 MIN. ns
twsTH (0.5+a)T-17 MIN. ns
tosTr 0.5T - 16 MIN. ns
twaL (1.5+n) T-30 MIN. ns
toao (25+a+n)T-56 MAX. ns
toriD (1.5+n)T-44 MAX. ns
tora 0.5T - 14 MIN. ns
tostw 0.5T - 186 MIN. ns
towsT 1.5T-15 MIN. ns
twwi (1.5+n) T-30 MIN. ns
towoo 0.5T - 10 MAX. ns
tsoow (1+n)T-5 MIN. ns

Remarks 1. T = tovk = 1/fcik (fewk refers to the internal system clock frequency.)
2. a becomes 1 when the address wait is inserted. Otherwise, it becomes 0.
3. n refers to the number of wait cycles that is inserted by specifying the PWC register.

4. Only the bus timings indicated in this table depend on frvk
I Luyz27?525 008495 397 M
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Serial Operation (Ta = -40 to +85°C, Voo = +5V £ 10 %, Vss = 0 V)

Parameter Symbol Test conditions MIN. MAX. Unit

Serial clock cycle time tevsk | SCK output Internal 8 dividing 500 ns
SCK input External clock 500 ns

Serial clock low-level twskL SCK output Internal 8 dividing 210 ns
width SCK input External clock 210 ns
Serial clock high-level twskH SCK output Internal 8 dividing 210 ns
width SCK input External clock 210 . ns
Sl setup time (vs. SCK T)|  tsaxsk 80 ns
SI hold time (vs. SCK T)]  trskrx 80 ns
SCK | - SO delay time| toscx | R=1kQ, C = 100 pF 210 ns

Up/Down Counter Operation (Ta = —40 to +85 °C, Voo = +5 V £ 10 %, Vss = 0 V)

Parameter Symbol Test conditions MIN. MAX. Unit
TIUD high-/low-level twrgn, twre | Other than mode 4 2T ns
width Mode 4 4T ns
TCUD high-/low-level twicon, twicuL| Other than mode 4 2T ns
width Mode 4 a7 ns
TCLRUD high-/low-leve! width [twewn, twowu 2T ns
TCUD setup time (vs. TIUD T)|  tsveu Mode 3 T ns
TCUD hold time (vs. TIUD T) thrcu Mode 3 T ns
TIUD setup time (vs. TCUD) |  tssrw Mode 4 27 ns
TIUD hold time (vs. TCUD)| thatiy Mode 4 2T ns

TIUD & TCUD cycle time} teve Other than mode 4 4 MHz

tovce Mode 4 2 MHz

Remark T = tcvk = 1/fcik (fowk refers to the internal system clock frequency.)

B L427525 00849bLbL 223 M
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Other Operations (Ta = =40 to +85 °C, Voo = +5 V + 10 %, Vss = 0 V)

Parameter Symbot Test conditions MIN. MAX. Unit

NMI high-flow-level width [twain, twaie 2 us
RESET high-flow-level width {twrsk, twrs. 1.5 us
INTPQ high-/low-leve!  |twion, twior | Ts = T 250 ns
width Ts = 4T 1.0 us
Ts = 8T 2.0 us

Ts = 16T 4.0 us

INTP1 high-/low-level twin, twie | Ts =T 250 ns
width Ts = 4T 1.0 ps
Ts = 8T 2.0 s

Ts= 16T 4.0 us

INTP2 high-/low-level twiz, twizt | Ts =T 250 ns
width Ts = 4T 1.0 s
INTP3(TH) high-/low- twiah, twisL | Ts =T 250 ns
level width Ts = 4T 1.0 us
Ts = 8T 2.0 us

Ts = 16T 4.0 us

Ts = 64T 16.0 us

Ts = 1287 : 32.0 us

Ts = 2567 64.0 us

INTP4 high-/low-level twian, twist | Ts =T 250 ns
width Ts = 4T 1.0 us
Ts = 8T 2.0 us

Ts = 16T 4.0 us

Remarks 1. T = tevk = 1/fek (fouk refers to the internal system clock frequency.)
2. Ts refers to the input sampling frequency. INTPO-INTP4 can be selected to programmable.

B Lu27525 00849L7? 16T HE
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A/D Converter Characteristics (Ta = =40 to +85 °C, Voo = +5 V + 10 %, Vss = AVss = 0 V,
Voo - 0.5 V < AVop < Vop)

Parameter Symbol Test conditions MIN. TYP. MAX. Unit
Resolution 10 bit
Total errorNote 1 4.5V < AVrer < AVo +0.4 | %FSR

3.4 V < AVrer £ AVop A +0.7 | %FSR
Quantization error +1/2 LSB
Conversion time tconv 62.5 ns < tevk < 80 ns 202 tovk
80 ns < tevk < 166.6 ns 166 tevk
Sampling time tsamp 62.5 ns < tcvk < 80 ns 8 tevk
80 ns < fevk £ 166.6 ns 6 tovk
Zero-scale erroriote 1 4.5V < AVrer < AVop +1.5 | £25 LSB
3.4V < AVrer < AVoo +1.5 +4.5 LsSB
Full-scale errorfiote 1 , 4.5 V < AVrer £ AVop £1.5 | 25 | LSB
3.4 V < AVrer € AVop +1.5 *4.5 LSB
Nonlinearity errorNote 1 4.5 V < AVaer < AVop *1.5 +2.5 LSB
3.4 V £ AVrer < AVop +1.5 +4.5 LSB
Analog input voltageNote 21 vy -0.3 AVrer+ 03|
Analog input impedance Ran When not sampling ' 10 MQ
When sampling Note 3
Reference voltage AVaer 3.4 AVoo Vv
AVrer1 current Alrer 1.0 3.0 mA
AVoo supply current Aloo Operating mode 20 6.0 mA
A/D converter data Alooor | STOP mode | AVooor = 2.5V 2 10 nA
retention current AVooor =5V £ 10 % 10 50 . UA

Notes 1. The quantization error is excluded.
2, When —0.3 V < Vian £ 0 V, the conversion result becomes 000H.
When 0 V < Vian < AVrer, the conversion is performed with the 10-bit resolution.
When AVrer < Vian € +0.3 V, the conversion result becomes 3FFH.
3. The analog input impedance at the time of sampling is the same as the equivalent circuit shown
below. (The values in the diagram are TYP. vaiues; they are not guaranteed values)

1 kQ
V\A J—
25 pF 4 pF

_I (input
capacitance

included)

Analog input pin O

B L427525 0084968 OThL HE
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Cautions1. When using the P70/ANI0-P77/ANI7 pins forboth digital and analog inputs, the previously
described characteristics are not guaranteed. Therefore, ensure that all of the eight P70/
ANIO-P77/ANI7 pins are used either for analog input or digital input.

2. When using the P70/ANI0-P77/ANI7 pins as digital input, make sure to set that AVoo = Voo,
and AVss = Vss,

AC Timing Test Point

Voo -
0.8Vooor22Vv 0.8Vooor22Vv
>Test point<
0.2Vobor08Vv 0.2Vooor0.8V
oV

B L42?7525 0084969 T3 W
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Read Operation

tovk

{ |

A8-A15
(Output)

ADO-AD7
(input/output)

ASTB
(Qutput)

(Output)

z 7
>§( High-order address >§( High-order address
to.
[=— tsasT ——f e
- ’ \ . . -
R, <A < | Low-order address (Output%}- ---tZ2 L Data (input) p-"52 Low-order address (Ouiput) )= - ==
twsTH — tHrID
Y 2
‘;MSTA —
trRA
p 4
Si
F—tosTR~*
toriD f=—— tora —|
twRL 1

Write Operation

AB-A15
(Output)

ADO-AD7
(Output)

ASTB
{Output)

WR
(Output)

78

4
>§t High-order address X High-order address
=— tsasT =]
4 X 4
>§(Low—order address (Output)7§<Undeﬁned >§( Data (Output) Low-order address (Outpub- --
twsTH [=—— tHwop
K _7‘/—\___
re— tHSTA —= —— towsT
/

= tosTw

towop —=1=— tsopw

twwe
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Serial Operation

tovs

twere twskH

s __/ N 7 ~ /S
tosKTx —=
SO ; X

sl >§{:
tsrxsk —et

tHskax {

Up/Down Counter (Timer 4) input Timing

twngn !
4
TIUD /
|

—= tsTCU  e—

e tHTCY ——men]

[ 1 twrcut
TCUD /
twrcun

I

twoLur !
TCLRUD J}; f
f twetue
TIUD
tseiy thamiv tsatiy themiu

TCUD

M Luy2?7525 0DA497) 690 WA
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Interrupt Input Timing

NMI

INTPn

Remark n=0-4

Reset Input Timing

RESET

80

tWNIH. I twiiL
0.8 Voo
0.2 Voo
twinH [ twinl
0.8 Voo
0.2 Voo
wrsH I} twasL
0.8 Voo
0.2 Vop-
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11. PACKAGE DRAWING

80 PIN PLASTIC QFP (14x20)

_ B
L
= 65?4 { 44 T
U‘
|- ! ar— detall of lead end
| = - = -
—r . T
s | | |
=== ( = T4
=- ——Be oo @
| | | e s | X
—xr| = o K
(=== o] a )
T 'e) T M
| s o | o o o o
=::80 25
#ﬁ : =]
G HR[ @
K
} | [-—~
o |
= A b
ity N
PSOGF-80-3B9-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.15
mm (0.006 inch) of its true position (T.P.) at A 23.6+0.4 0.929+0.016
maximum material condition. B 20.0%0.2 0.795+9:908
c 14.0£0.2 0.55179:5%
D 17.6+0.4 0.693%0.016
F 1.0 0.039
G 0.8 0.031
H 0.25%0.10 0.014+38%
i 0.15 0.006
J 0.8 (T.P.) 0.031 (T.P)
K 1.80.2 0.071133%
L 0.8x0.2 0.031:33%
M 0.15:342 0.00672:9%
N 0.15 0.006
P 2.7 0.108
Q 0.1%0.1 0.004+0.004
S 3.0 MAX. 0.119 MAX.
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*

12. RECOMMENDED SOLDERING CONDITIONS

These products should be soldered and mounted under the conditions recommended below.

For details of recommended soldering conditions, refer to the information document Semiconductor Device

Mounting Technology Manual (IEI-1207).
For soldering methods and conditions other than those recommended, please contact your NEC sales

representative.

Table 12-1. Surface Mount Type Solidering Condiiions

1PD78363AGF-xxx-3B9: 80-Pin Plastic QFP (14 x 20 mm)

#PD78365AGF-3B9

: 80-Pin Plastic QFP (14 x 20 mm)

1PD78366AGF-xxx-3B9: 80-Pin Plastic QFP (14 x 20 mm)

Soldering method

Soldering conditions

Recommended
condition symbol

Infrared reflow

Package peak temperature: 235 °C, Duration: 30 sec. max. {210 °C or

above) Number of times: 2 max.

<Cautions>

(1} Wait for the device temperature to return to normal after the first
reflow before starting the second reflow.

(2) Do not perform flux cleaning with water after the first refiow.

IR35-00-2

82

VPS

Package peak temperature: 215 °C, Duration: 40 sec. max. (200 °C or

above) Number of times: 2 max.

<Cautions>

(1) Wait for the device temperature to return to normal after the first
reflow before starting the second reflow.

(2) Do not perform flux cleaning with water after the first reflow. -

VP15-00-2

Wave soldering

Solder bath temperature: 260 °C or less, Time: 10 sec. max.,
Number of times: 1, Pre-heating temperature: 120 °C max. (Package
surface temperature)

WS60-00-1

Partial heating

Pin temperature: 300 °C or less
Duration: 3 sec. max. (per side of device)

Caution Use of more than one soldering method should be avoided {except in the case of partial

heating).
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APPENDIX A. DIFFERENCES BETWEEN uPD78366A AND uPD78328

Product name
Item

uPD78366A

uPD78328

Minimum instruction
execution time

125 s [internal clock : 16 MHz
external clock : 8 MHz

250 ns internal clock : 8 MHz,
external clock : 16 MHz

internai ROM 32K bytes 16K bytes
memory RAM | 2K bytes 512 bytes
Memory space 64K bytes (can be externally expanded)
General-purpose 8 bits x 16 x 8 banks
registers

f basi
Number of basic 115 11

instructions

Instruction set

+ 16-bit transfer/operation

« Multiplication/division (16 bits x 16 bits, 32 bits = 16 bits)

+ Bit manipulation
+ String

* Sum-of-products operation
(16 bits x 16 bits + 32 bits)
- Relative operation

1/0O lines Input

14 (of which 8 are multiplexed with analog
input)

11 (of which 8 are multiplexed with analog
input)

1o

49

41

Real-time pulse unit

+ 16-bit timer x §

« 16-bit compare register x 7

* 16-bit capture register x 3

= 16-bit capture/compare register x 2

» Two output modes selectable
Mode 0, set-reset output : 6 channels
Mode 1, buffer output : 6 channels

* 16-bit resolution PWM output: 1 channei

+ 16-bit timer x 3
» 16-bit compare register x 14
* 16-bit capture/compare register x 1
* Two output modes selectable
Mode 0, set-reset output : 6 channels
toggle output  : 1 channel
Mode 1, buffer output : 8 channels

Real-time output port

4 (buffer output in 4-bit units)

4/8 (buffer output in 4-/8-bit units)

PWM unit

8-/9-/10-/12-bit resolution variable PWM
output: 2 channels

8-bit resolution PWM output: 1 channel

A/D converter

10-bit resolution, 8 channels

Serial interface

Dedicated baud rate generator
UART (with pin selection function)
: 1 channel
Clocked serial interface/SBI : 1 channel

Dedicated baud rate generator
UART . 1 channel
Clocked serial interface/SBI : 1 channe!

Interrupt function

+ External: 6, internal: 14 (2 multiplexed
with external)
» 4 programmable priority levels

+ External: 4, internal: 17
- 3 programmable priority levels

+ Three processing selectable

(vector interrupt/macro service/context switching)

Test source

None

Internal: 1

PLL control circuit

Provided (external 8 MHz — internal: 16 MHz)

None

Package

* 80-pin plastic QFP (14 x 20 mm)

* 64-pin plastic shrink DIP
+ 64-pin plastic QFP (14 x 20 mm)

Others

« Watchdog timer

» Standby functions (HALT mode, STOP mode)
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APPENDIX B. TOOLS

B1. DEVELOPMENT TOOLS
The foliowing development tools are available to support the system development using uPD78366A :

Language Processor

78K/IN series A relocatable assembler, that can be used commonly for the 78K/l1l series products. Since this
relocatable assembier assembler is provided with macro functions, it enhances the developmnt efficency. A structured
(RA78K3) assembler, that can explicitly describe the program control structure, is also supplied, so that
the program productivity and maintainability can be improved.
Host machine ] Order code (product name}
os Supply media
3.5" 2HD uS5A13RA78K3
PC-8800 series MS-DOS™
5" 2HD uS5A10RA78K3
IBM PC/AT™ and its PC DOS™ 3.5" 2HC uS7B13RA78K3
compatible model s" 2HC pSTB10RA78K3
HPY00O series 700™ [ HP-UX™ DAT £S3P16RA78K3
SPARC station™ SunOs™ Cartridge tape u#S3K15RA78K3
NEWS™ NEWS-Os™ (QIC-24) uS3R15RA78K3
78K/ series This is a C compiler that can be commonly used for 78K/HI series.
C compiler This program converts the program written in C language to object codes microcomputer can
{CC78K3) execute. When using this compiler, the 78K/lll series relocatable assembler (RA78K3) is
necessary.
Host machine K Order code (product name)
0s Supply media
3.5" 2HD uS5A13CC78K3
PC-9800 series MS-DOS
5" 2HD #S5A10CC78K3
IBM PC/AT and its PC DOS 3.5" 2HC uS7B13CC78K3
compatible mode! 5" 2HC uS7B10CC78K3
HP9000 series 700 HP-UX DAT uS3P16CC78K3
SPARC station Sun0S Cartridge tape #S3K15CC78K3
NEWS NEWS-0S (QIC-24) uS3R15CC78K3

Remark The operations of the relocatable assembler and C compiler are guaranteed only on the specified

host machine and OS described above.
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PROM Writing Tools

Hardware

PG-1500

This is a PROM programmer that can program PROM-contained single-chip microcontrollers
in standalone mode or under control of a host machine when the accessory board and an
optional programmer adapter are connected. It can also program representative PROMs from
256K-bit to 4M-bit models.

PA-78P368GFNote| PROM programmer adapters that writes a program to the xPD78P368A on a general-purpose

PA-78P368KLNote

PROM programmer such as the PG-1500.
PA-78P368GF: for yPD78P368AGF
PA-78P368KL : for uPD78P368AKL

Software

PG-1500
controller

Connectsthe PG-1500 and a host machine with a serial intrface and a parallelinterface to control
the PG-1500 from the host machine.

Host machine . Order code (part number)
oS Supply media
3.5" 2HD u#S5A13PG1500
PC-9800 series MS-DOS
5" 2HD HS5A10PG1500
IBM PC/AT and PC DOS 3.5" 2HC #S7B13PG1500
compatible machines 3.5" 2HC 1S7B10PG 1500

Note Under development

Remark The operation of the PG-1500 controller is guaranteed only on the above host machine and OS.

Debugging Tools (When IE Controller is Used)

Hardware

IE-78350-R

In-circuit emulator that can be used to develop and debug application systems. Connected to
a host machine for debugging.

IE-78365-R-EM1

I/O emutation board that emulates the peripheral functions of the targetdevice suchas I/O ports.

EP-78365GF-R

EV-9200G-80

Emulation probe that connects the 1E-78350-R to the target system. One conversion socket,
EV-9200G-80, used to connect the target system is supplied as an accessory.

Software

|E-78350-R
control program

Program that controls the IE-78350-R on the host machine. It can automatically execute
commands, enhancing debugging efficiency.

(IE controller)

Host machine ) Order code (part number)
0s Supply media
3.5" 2HD uSS5A13IE78365A
PC-9800 series MS-DOS
5" 2HD #S5A10iE78365A
IBM PC/AT and PC DOS 3.5" 2HC uS7B13IE78365A
compatible machines 3.5" 2HC uS7B10IE78365A

Remark The operation of the IE controller is guaranteed only on the above host machine and OS.
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Development Too!l Configuration (When Using IE Controller)

Host machine
PC-9800 series
IBM PC series
EWS

|E-78350-R
in-circuit emulator

+
|E-78365-R-EM1 Emulation probe
1/0 emulation board
{optional)

RS-232-C

PROM
programmer EP-78365GF-R

+
Conversion socket for connecting

compiler  PG-1500
assembler controller

; the emulation probe and the target system Note
{E controller
EV-8200G-80

Built-in PROM models
1

|
£ PD78P368AGF 1 PD78P368AKL

+ +
Programmer adapter Target system

[
I ’
| )

@ =
L =

PA-78P368GF | PA-78P368KL

N J

Note A socket is provided with the emulation probe.

Remarks 1. Host machine and PG-1500 can be directly connected by RS-232-C.
2. 3.6-inch FD represents the supply media of software in this figure.
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Debugging Tools (When Integrated Debugger Is Used)

IE-784000-R In-circuit emulation that can be used to develop and debug the application system. Connected
to a host machine for debugging.
IE-78350-R-EM-ANOt® [ Emulation board that emulates the peripheral functions of the target device such as I/O ports.

IE-78365-R-EM1

1/O emulation board that emulates the peripheral functions of the target device such as I/0 ports.

EP-78365GF-R

) Emulation probe connecting the IE-784000-R to the target system. One conversion socket, EV-
g EV-9200G-80 [9200G-80, used to connect the target system is supplied as an accessory.
g 1E-70000-98-IF-B }interface adapter to connect PC-9800 series (except notebook type personal computer) as the
T host machine.
1E-70000-98N-IF  |Interface adapter and cable to connect PC-9800 series notebook type personal computer as the
host machine.
IE-70000-PC-IF-B ]interface adapter and cable to connect IBM PC as the host machine.
IE-78000-R-SV3 linterface board to connect EWS as the host machine.
Integrated debugger | Program controlling the in-circuit emulator for the 78K/IH series. Used in combination with a
(iD78K3) device file (DF78365). Can debug a program coded in the C language, structured assembly
language, or assembly language at source program level. Can also split the screen of the host
machine into windows on each of which information is displayed, enhancing debugging
efficiency.
Host machine Order code (part number)
0S Supply media
PC-9800 series MS—POS 3.5" 2HD uSAA13ID78K3
Windows™ 5" 2HD uSAA10ID78K3
g IBM PC/AT and compatible | PC POS 3.5" 2HC 4SAB13ID78K3
§. machines (Japanese Windows) | Windows 5" 2HC #SAB10ID78K3
@ IBM PC/AT and compatible 3.5" 2HC #SBB131D78K3
machines (English Windows) §" 2HC #SBB10ID78K3
Device File File containing information peculiar to device. Use in combination with an assembler (RA78
(DF78365) K3), C compiier (CC78K3), and integrated debugger (ID78K3).
Host machine Order code (part number)
0S Supply media
PC-9800 series MS-DOS 3.5" 2HD #S5A13DF78365
’ 5" 2HD #S5A10DF78365
IBM PC/AT and compatible | PC DOS 3.5" 2HC #S7B13DF78365
machines 5" 2HC uS7B10DF78365

Note Under development

Remark The operation of the integrated debugger and device file is guaranteed only on the above host
machine and OS.
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Development Tool Configuration (When Using Integrated Debugger)

Host machine IE-70000-98-1F-B
PC-9800 series IE-70000-98N-IF
IBM PC/AT ) IE-70000-PC-IF-B

EWS

1E-784000-R
in-circuit emulator

+
IE-78350-R-EM-A Emulation probe
emulation board
(optional)

+
|E-78365-R-EM1
/O emulation board
{optional)

%a

PG-1500
controlier

EP-78365GF-R

+
Conversion socket for connecting
the emulation probe and the target system Note

Relocatable

J—— I . PROM programmer @
Integrated Device file PG-1500
debugger _ EV-9200G-80

Built-in PROM models

#PD78P368AGF, zPD78P368AKL

+ +
Programmer adapter Target system
i ’
>
@. =
Ne—
=
PA-78P368GF | PA-78P368KL

L J
Note A socket is provided with the emulation probe.

Remarks 1. Desk top-type PC represents host machine in this figure.
2. 3.5-inch FD represents the supply media of software in this figure.

B L427525 0084980 LT3 W
88



NEC uPD78363A, 78365A, 78366A

B2. EMBEDDED SOFTWARE

The following embedded software is available for enhancing the efficiency of program development and
maintenance.

REAL-TIME OS

Real-time OS RX78K/I is intended to impiement a multi-tasking environment for use in the control field where
| (RX78K/H1)Note real-time capability is a must. it can allocate the idle time of the CPU to other processing to
improve the overall performance of the system.

RX78K/I provides system calls conforming to the uITRON specification.

The RX78K/MI package supplies a tool (configurator) to create the nucleus of RX78K/Il and
multiple information tables.

Host machine Order code (part number)
0s Supply media
PC-9800 series MS-DOS 3.5" 2HD Pending
5" 2HD Pending
IBM PC/AT and compatible | PC DOS 3.5" 2HC Pending
machines 5" 2HC Pending

Note Under development

Caution Before purchasing this product, you are requested to conclude a contract licensing use by
filling out a specified form.

Remark When using the RX78K/lll real-time 0S, the RA78K3 assembler package (optional) is necessary.
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Fuzzy Inference Development Support System

Fuzzy knowledge data
creation tool
(FES000, FE9200)

Program that supports input/editing and evaluation (simulation) of fuzzy knowledge (fuzzy rules

and membership functions).

Host machine

Order code (part number)

0S Supply media
PC-9800 series MS-DOS 3.5" 2HD uS5A13FES000
5" 2HD 1#S5A10FEQ000
IBM PC/AT and compatible | PC POS 3.5" 2HC uS7B13FES200
machines Windows 5" 2HC uS7B10FES200

Translator Program that converts the fuzzy knowiedge data obtained by using the fuzzy knowledge data
(F‘l78K3)N°te creation tool into assembler source program for the RA78K/IIL

Host machine Order code (part number)

08 Supply media
PC-9800 series MS-DOS 3.5" 2HD uS5A13FT78K3
5" 2HD uS5A10FT78K3
IBM PC/AT and compatible | PC DOS 3.5" 2HC uS7B13FT78K3
machines 5" 2HC uS7B10FT78K3

Fuzzy inference module
(Fi7gK/InyNote

Program that executes fuzzy inference when linked with the fuzzy knowledge data converted

by the translator.

Host machine

Order code {(part number)

0S Supply media
PC-9800 series MS-DOS 3.5" 2HD uS5A13FI78K3
' 5" 2HD 1S5A10FI78K3
IBM PC/AT and compatible | PC DOS 3.5" 2HC uS7B13FI78K3
machines 5" 2HC uS7B10FI78K3

Fuzzy inference debugger
(FD78K/II)

Support software that evaluates and adjusts the fuzzy knowledge data at the hardware level by

using an in-circuit emulator.

Host machine

Order code (part number)

08 Supply media
PC-9800 series MS-DOS 3.5" 2HD uS5A13FD78K3
5" 2HD uS5A10FD78K3
IBM PC/AT and compatible | PC DOS 3.5" 2HC uS7B13FD78K3
machines 5" 2HC uS7B10FD78K3

90
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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When it is dry, humidifier should be used. Itis recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

(@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input ievels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to Voo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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