PRELIMINARY PRODUCT INFORMATION

NEC / MOS INTEGRATED CIRCUIT
uPD780961, 780962, 780963, 780964

8-BIT SINGLE-CHIP MICROCONTROLLER

The uPD780861, 780962, 780963, and 780364, which are members of the uPD780964 subseries of the 78K/0 series,
are suited to controt general-purpose inverters.

Compared to the conventional uPD78014 subseries or uPD78018F subseries products, EMI (Electro Magnetic interface)
noise is reduced for the uPD780924 subseries products.

A flash memory version, the uPD78F0964, that can operate within the same power supply voltage range as the mask
ROM version, and various development tools are aiso provided.

The details of functions are described in the following user's manuals. Be sure to read them before designing.
pPD780924, 780864 Subseries User's Manual : In preparation
T8KI0 Series User's Manual Instructions : IEU-1372

FEATURES
« internal ROM and RAM
ltem { Program memory Data memory Package
Part Number (ROM) (internal high-capacity RAM)
HUPD780961 8 Kbytes 512 bytes » 64-pin plastic shrink DIP {750 mil)
UPD780062 16 Kbytes « 64-pin plastic QFP {14 x 14 mm)
pPD780063 24 Kbytes 1024 bytes
HPD780084 32 Kbytes

External memory expansion space: 48 Kbytes

Minimum instruction execution time: 0.24 us (@ fx = 8.38-MHz operation)
/0 ports: 47

10-bit resolution A/D converter: eight channels

Serial interface: two channels

Timer: Five channels

Power supply voitage: Voo =2.7t0 5.6 V

.

APPLICATIONS
Motor control for inverter-type air conditioners, washing machines, etc.

The ined in this is being issued in advance of the production cycle for the
device. The parameters for the device may change befors finsl p or NEC Corp ion, atits
own discretion, may withdraw the device prior to its production.

Dacument No. U11879EJ IVOPMOD (15t edition)
mmmmsn
‘ ‘"'1'84’ © NEC Corporation 1996



NEC uPD780961, 780962, 780963, 780964

ORDERING INFORMATION

Part Number Package
pPD780961 CW-xxox 84-pin plastic shrink DIP (750 mil)
#PD780962CW-xxx 64-pin plastic shrink DIP (750 mil)
uPD780963CW-scxx 64-pin plastic shrink DiP (750 mil)
1PD780964 CW-x00¢ 64-pin plastic shrink DIP (750 mif)
uPD780961GC-x00-ABB 64-pin plastic QFP (14 x 14 mm)
uPD780962GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm)
HPD780963GC-x:0x-AB8 64-pin plastic QFP {14 x 14 mm)
uPD780964GC-x:cx-ABS 64-pin plastic QFP (14 x 14 mm)

Remark xxx indicates the ROM code suffix.
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NEC uPD780961, 780962, 780963, 780964

78K/0 SERIES DEVELOPMENT

The 78K/} series product line-up is shown below. Subseries names are shown inside frames.

: Products in mass production

s ' Products under development

Y subseries products are compatibie with [C bus.
— Control

100-pin uPD78078 uPD78078Y / A timeris added to the uPD78054 and extemal interface function is enhanced
100-pin WPD78070A //iPDTBOTOAY / ROMHess versions of the uPD78078
100-pin 7 ,PD780018™Y 7 uPDTE0018Y™ The serial VO of the «PO78078 is enhanced and only selected functions are provided

80-pin /' 1PD78068F //uPD78058FY / EMI noise reduced version of the pPD78054
80-pin / 1#PD78054 // uPD78054Y / UART and D/A converter are added to the uPD78014 and /O is enhanced

64-pin + uPD780034 ,:;,_'nPD7aoo34v 7 The A/D of the zPD780024 is enhanced
64-pin ;:,253@?@662'4' : 7uPD780024Y 7 The serial /O of the uPD78018F is enhanced, EMI noise reduced version
64pin aPDTEI0A £ AT The A/D of the WPD780924 is enhanced
64-pin ", PO7B0824 ¢ On-chip inverter control circuit and UART, EMI noise reduced version
I 64pin 7 PD7BO1GF // uPD78018FY / Lowvetiage (1.8 V) operation versions of the 4PDTB014 with several ROM end RAM capacities avaitabls
64-pin  / uPD78014 uPD78014Y / An A/D converter and 16-bit timer are added to the uPD78002
84-pin PD780001 An A/D converter is added to the pPD7B002
64-pin 1#PD78002 uPD78002Y / Basic subseries for control
42/44-pin /" uPD78083 [ On-chip UART, capable of operating at a low voltage (1.8 V)
FIP™ drive
100-pin The VO and FIP C/D of the uPD78044F are enhanced, display output total: 53
80-pin A 6-bit U/D counter is added to the uPD78024, display output total: 34
64-pin Basic subseries for driving FIP, display output total: 26
78K/0 LCD drive
series 100pin ¢ }-67%65', ’ ;56556568_; ;' The SIO of the uPD78064 is enhanced and ROM and RAM are expanded
100-pin ] Ly A EMI noise reduced version of the #PD78064

100pin  / uPD78064 / uPD78064Y / Basic subseries for driving LCDs, on-chip UART

IEBus™ supported
— 80-pin uPD78098 The IEBus controlier is added to the uPD78054
[ Lv
— 100pin ,}55755651'[ 7 PWM output, LV digital code decoder, and on-chip Hsync counter

Note Under planning
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NEC uPD780961, 780962, 780963, 780964

The table below shows the main differences between subseries.

Functions Timer Voo
ROM 8-bit [10-bit] 8-bit Senal o MIN. External

Subseries Capacity | gyt h6-it| watcn|wor| A0 [ AD | D/A Interface valge | EXpansion
For #PD78078 [32 K10 60K | ach | 1ch| 1cn | 1ch | 8eh | — [ 2ch [3ch waRT: 1chy | 88 | 1.8v | Available
control | uPD78070A — 61 | 27V

#PD780018 [48 K10 60K | | — [2cn 88

PD78058F 2ch 2ch |3ch (UART : 1ch) | 69

1PD78054 |16Kto 60K 2.0V

uPD780034 [8 K to 32 K — [Ben| — 51 | 18V

1PD780024 8ch | —

1PD780964 ach [Note] — — [ aen 2ch (UART : 2¢h) | 47 | 2.7¢h

$PD780924 Bch | —

uPD78018F |8 K10 B0 K| 2ch | 1ch | 1ch 2ch 53 | 18V

4PD78074 |8K1o32 K 27V

4PD780001 |8 K — | = 1ch 39 —

1PD78002 |8 K to 16 K Tch ] 53 Available

4PD78083 — "8ch | Tch (UART :1ch) | 33 | 18V —
For FIP | uPD780208 [32Kto 60K [ 2ch [ 1ch | 1sh | 1ch|8ch| — | — |2ch 74 | 27V —
drive 4PD78044F [16 Ko A0 K 68

1PD78024 |24K1w0 32K 54
For LCD | uPD780308 |48 K10 60K | 2¢ch | tch| 1ch | 1ch| 8ch | — — | 3ch (UART: 1ch) 57 18V —
drive #PD78064B | 32 K 2ch (UART : 1ch) 20V

uPD78064 |16Kt0 32K
IEBus | uPD78098 |32K10B0K| 2ch | 1ch | ich | tch| 8oh| — | 2ch |3ch (UART: ich) | 69 | 27V | Available
support
ForLV | uPD78P0914 | 32K Bch | — | — | 1ich|8h| — | — f2ch 54 | 45V | Available

Note 10-bit timer: one channel
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uPD780961, 780962, 780963, 780964

FUNCTION OVERVIEW
Product Name
" pPD780961 uPD780962 pPD7803963 #PD780964
em
Internai ROM 8 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes
memory Internal 512 bytes 1024 bytes
high-speed RAM
Memory space 64 Kbytes

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Instruction cycle

On-chip instruction execution time variable function

0.24 1s/0.48 ps/0.96 ps/1.9 ps/3.8 us (@ 8.38-MHz operation with system clock)

tnstruction set

« 16-hit operation

= Muttiply/divide {8 bits x 8 bits, 16 bits + 8 buts)

+ Bit manipulate (set, reset, test, Boolean aperation)
« BCD adjust, etc.

1O ports

Total T 47

-CMOS inputs : 8

+CMOS /0s  : 39

Real-time output ports

8 bits x 1 or 4 bits x 2

A/D converter

+ 8-bit resolution x 8 channels
« Power supply voltage: AVop = 2.7t0 55 V

Serial interface

UART x 2 channels

Timer + 16-bit timer/event counter : 3 channels
« 10-bit timer : 1 channel
- Watchdog timer 1 channel
Timer outpu” 9 {8-bit PWM output x 3, and inverter control output x 6}
Vectored Maskable interrupts| internal: 12, external: 4
interrupt Non-maskable interrupt| Internal: 1
Software interrupt | 1
Power supply voltage Voo =2.7t0 55V

Operating ambient temperaiure

Ta = 40 to +85 °C

Package

« 84-pin plastic shrink DIP (750 mil)
- 64-pin plastic QFP {14 x 14 mm)
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NEC uPD780961, 780962, 780963, 780964

1. PIN CONFIGURATION (Top View)

« 64-Pin Plastic Shrink DIP (750 mil)
HPD780961CW-xxx, 780962CW-xxx, 780963CW-xxx, 780964CW-xxx

P40/ADO 1 ' al—orsmaste
P41/AD1 O~—{2 63 [~—~O PEG/WAIT
P42IAD2 O=—{3 62 [=—=O PB5/WR
P43/AD3 O=—{4 61 t=—~O P64/AD
P44/AD4 O=—{5 60 [=—=O P37/RTP7
P45/ADS O=—{6 59 [=—C P36/RTPE
P46/AD6 C=—n{ 7 58 |~—=0 P35/RTPS
P47IAD7 O=—{8 57 l—=0O P34/RTP4
P50/A8 C=—nl9 56 (——=O P33/RTP3
P51/A9 O=—] 10 55 [—eO PIZ/RTP2
P52/A10 O=—] 11 54 f—=G P31/RTP1
P53/AT1 O=—e] 12 53 [+—=O P30/RTPO
P54/A12 O=—e113 52 }+—=O POT/INTPA
P55iA13 O] 14 51{=—=C POOINTPO/TOFF7
P56/IA14 O=—el 15 50 |—-O Vsst
P57/A15 O=—{ 16 49— X1
Vsso O—]17 48l—ox2
Vooo O—J 18 47 [—O TEST
TO70 O=—19 46 [«—=O PO3/INTPI/ADTRG
TO71 O=—{20 45 |—=0O PO2/INTP2
TO72 O-q21 44 |+—O RESET
TO73 O=—f22 43—0 AV
TO74 O=—23 42 |=—O Averer
TO75 O=—]24 41 |—0 PioANID
P20/RxD00 O~—=] 25 40}=—0 P11/ANN
P21/TxD00 O=—=]26 39 |0 P12/ANI2
P22/RxDAt O=—e]27 38 [=—O P13/ANI3
P23/TxD01 C~—28 37 |+—CQ P14/ANI4
P24/TIS0/TO50 O=—=] 28 36 |——0 P15/ANIS
P25/TI51/TO51 O=—e130 35 L——o P16/ANIS
P26/TI52/TO52 O=—s] 31 34 }=—0 P1T/ANI7
Voo O———] 32 33— Avss

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVop pin to Vooo.
3. Connect the AVss pin to Vsso.

Remark When the u4PD7803961, 780962, 780963, or 780964 is used in application fields that require reduction of the
noise generated from inside the microcontrolier, the implementation of noise reduction measures, such as
supplying voltage to Vooe and Vss1 individually and connecting Vsso and Vss1 to different ground lines, is
recommended.
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» 64-Pin Plastic QFP (14 x 14 mm)
1PD780961GC-xxx-ABB, 780962GC-xxx-AB8, 7B0963GC-xxx-ABB, 780964GC-xx-AB8

~ © 0w T o oa - o Bk P
a0 Qo000 ao0awn '< T E: = = = =
i s s << g s <<3S3Eceeca
5989399795848 358383
[ US « TR W + IO < Y Y « NG« VO < W A « T S « T WA « Y+
(i, O (P
| P l
64 63 62 61 60 50 58 57 56 55 54 53 52 51 50 49
P50/A8 O—=11 48 f+———=0 P33/RTP3
P51/AQ O=—n]2 O 47 |0 P32/RTP2
£52/410 O=——3 46 [=—= P31/RTP1
P53/A11 O=—]4 45 |=— P30/RTPO
P54/812 O~—+5 44 ——C POV/INTP1
P55/413 O~—n{6 43 fo———e0> POO/INTPO/TOFF7
P56/A14 O=——=]7 a2 O Vs
P57/8415 O=—+8 41— X1
Weso O—8 DO X2
Voo O—— 10 39 ———OTEST
TO70 D=—r 11 38 3 PO3INTPYADTRG
TO71 O=——1 12 37 5 PO2IINTP2
TQ72 O——— 13 36 0O RESET
TO73O0~—114 35 < AVoo
TO74 O~—15 34 [0 AVrer
TO75 O=—-116 233 D P1gANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
UMLTU}%MMM
4 5
R EEEE EEEEE R
b=1 o o @ w w 8§
3988886522222 z2z%%2
Etsgo_g - R
g o g B @ w0 oG A aa aoa
Y& EEE
b o3 w
N o ol
o o o

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVoo pin to Vooe.
3. Connect the AVss pin to Vsso.

Remark When the uPD780961, 780962, 780963, or 780964 is used in application fields that require reduction of the
noise generated from inside the microcontroller, the implementation of noise reduction measures, such as
supplying voltage to Vooe and Vss: individually and connecting Vsso and Vss1 to different ground lines, is
recommended.
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ABto A15
ADO to AD7
ADTRG
ANIC to ANI7
ASTB

AVpo

AVRer

AVss

INTPO to INTPS :

POO to P03
P10 to P17
P20 to P26
P30 to P37
P40 to P47
P50 to P57
P64 to P67

. Address Bus

. Address/Data Bus
: AD Trigger Input

. Analog Input

: Address Strobe

. Analog Power Supply

: Analog Reference Voltage
: Analog Ground
Interrupt From Peripherais
: PortO
: Port1
: Port2
: Port3
. Port4
. Port5
: Porté

RD

RESET

RTPO to RTP7
RxD00, RxD01
TEST

TI50 to T152
TOS50 to TO52,
TO70 to TO75
TOFF7
TxDO0O, TxDO1
Vooo, Voot
Vsse, Vssr
WAIT

WR

X1, X2

Read Strobe
Reset
Real-time Port
Receive Data
Test

Timer Input

Timer Output
Timer Output Off
Transmit Data
Power Supply
Ground

Wait

Write Strobe
Crystal
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2. BLOCK DIAGRAM

— f"‘

|
T porto KT Pooto o3

S0 TMER/

TO50/T150/P24 =—] EVENT COUNTER 50

[‘ K port1 IR0 P
|

&ba TIMER!
EVENT OOUNTER 52

At LA
/| PORT2 > P20 10 P26

TO52/T152/P26 = )

N

N—V]

. B TMER, ;
TOS17151/P25 =] At et Ko >1

PN
/:_1> PORT3 K /> P30 to P37

|
78KI0 ROM
RTPUPI0t0 A {REALTIME oPU CORE
ATP7/P37 OUTPUT PORT|N
TxDOO/P21 i} _{} ‘ L
7 .
RxDO0/P20 “ % o Y PorTs (7> es0t0 P57

TXDO1/P23 : 14 ‘ . _x
RxDO1/P22 hV. 1 PORTE K __ > P64 10 P67
I
|
|
!
|

. | 1
<:> porTa K Padto P47

ANIO/P10 to — ‘ | Ram

|
|
|
’ AD7/P47
1

ADO/PA0 to
ANITIP1T ;
Avoo AD CONVERTERK — \ ABIPSO to
AVss 3 L A15/P57
AVrer ——1 1 ; EXTERNAL o
ACCESS RO/P64
I 3 —— WRIPES
INTPO/TOFF7/PO0 ——= | L WAIT/PE6
INTP1/P01 and INTERRUPT
ASTBIP67
INTP2/PO2 A controL N/ ‘ :
INTP3/ADTRG/PO3 —=| 5
i i . RESET
| ‘ b ‘ SYSTEM 1
REAL-TIME CONTROL
107010 TO75 POLSE UNIT -, f | | I
j Voos, Vsse, TEST L

Voor  Vssi

Remark Internal ROM and RAM capacity varies depending on the product.
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3. PIN FUNCTION LIST

3.t PORT PINS

Pin Name 1o Function After Reset AItern»me
Function
POO 1o Port 0. nput INTPO/TOFE?
POY 4-bit IO port. INTP1
P02 Input’output can be specified bit-wise. INTP2
PO3 When used as an input pon, an on-chip puli-up resistor can be INTP3/ADTRG
connected by software.
PiD to P17 |input Pornt 1. Input ANIO to ANI7
8-bit input only port
P20 [7e] Port 2. Input RxDaD
P21 7-bit 113 port. Tx000
Pzz2 input/output can be specified bit-wise. RxD01
P23 When used as an input port, an en-chip pufi-up resistor can be T*DO01
P24 connected by software. TI50/T0O50
P25 TI51TO51
P26 TiB2/TO52
P30 to P37 1O Port 3. tnput RTPO to RTP7
8-bit 1O port.
Input/output can be specified bit-wise.
When used as an mput port, an on-chip pull-up resistor can be
connected by software.
P40 to P47 1NO Port 4. input ADD to AD7
8-bit O port.
input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be
connected by software.
PS50 to P57 |10 Paort 5. Input A8 to A15
8-bit /O port.
Input/output can be specified bit-wise.
LEDs can be driven directly.
When used as an input port, an on-chip pull-up resistor can be
connected by software..
PB4 o] Port 6. Input RD
P65 4-bit 1O port. WR
P66 Inputioutput can be specified bit-wise. WAIT
P67 When used as an input port, an on-chip pull-up resistor can be ASTB
connected by software.
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3.2 NON PORT PINS

Pin Name o] Function After Reset Altem.ate
Function
INTPO input External interrupt input that can specify the effective edge input POO/TOFF7
INTP1 (rising edge, falling edge, or hoth rising and falling edges) can be Input P01
INTP2 specified. Input PQ2
INTP3 input PO3/ADTRG
TI50 Input External count clock input to timer (TM50). Input P24/TO50
TISt External count clock input to timer (TM51). Input P25/TOS1
TI52 External count clock input to timer (TM52). Input P26/TO52
TOS0 QOutput | Timer (TM50} output. Input P24/T150
T051 Timer (TM51) output. input P25/TI51
TO52 Tmer (TM52) output. input P26/T152
RTPC 1o RTP? [Cutput | Real-time output port that outputs pulses in synchronization with Input P30 to P37
trigger signals outputs from the real-time pulse unit.
TxDOO Output | Asynchronous sernal interface serial data output. Input P21
TxDO1 Input P23
RxDQG Input Asynchronous senal interface serial data input. Input P29
AxDo1 Input P22
ANID to ANI7 | Input A/D converter analog input. input P13to P17
ADTRG Input External trigger signal input to the A/D converter. input PO3/INTP3
TO70 1o TO75 [ Output | Timer output for the 3-phase PWM inverter control. Hi-Z -
TOFF7 Input Timer output (TO70 to TO75) stop interrupt input. Input POO/INTPQ
ADO to AD7 (VO Lower address/data bus when memory is expanded externally. Input P40 to P47
A8 to A15 Output | Upper address bus when memory is expanded externalty. Input P50 to P57
RD Output | Strobe signal output for external memory read operation. Inpust P64
WR Strabe signal output for external memory write operation. Input P63
WAIT input Wait insertion when accessing external memory. Input P63
ASTB Qutput | Strobe output that externally latches address information output Input P67
to ports 4 and 5 to access external memory.

AVres Input A/D converter reference voltage input. - -
AVor - A/D converter analog power supply. Connect to Vopa. - -
AVss ~ A/D converter ground potential. Connect to Vsso. — -
RESET input | System reset input. - -
X1 input Crystal connection for system clock oscillation. - -
X2 - - -
Vooo - Positive power supply for ports. - -
Vsso - Ground potential for ports. - -
Voot - Positive power supply except for ports. - -
Vsst - Ground potential except for ports. ~ -
TEST - Test mode set pin. Connect to Vsso directly. - -
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3.3 RECOMMENDED CONNECTION OF UNUSED PINS
The recommended connections of unused pins are shown in Table 3-1.

Table 3-1. Recommended Connection of Unused Pins

Pin Name 10 Recommended Connection of Unused Pins

POO/NTPO/TOFF7 /O individually connect to Vsso via a resistor.
POT/NTPY
PD2/INTP2
PO3/INTPI/ADTRG

P10/ANIO to P17/ANI7 | Input individually connect to Voos or Vsso via a resistor
P20/RxD00 [lle]
P21/TxD00

P22/RxDO1

P23, TxD01

P24, TI50/TO50
P25T151/TO51
P26.TI52/TO52
P30/RTPO to P37/RTP7
P40/ADO to P47/AD7
P50/A8 to P57/A15
P64/RD

PES/WR

PEE/WAIT

P67/ASTB

TO70 te TO75 QOutput Open

AVt - Connect to Vooo.

AVner Connect to Vsso.
AVss

TEST Gonnect to Vsso directly.
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NEC

4. MEMORY SPACE
The memory map of the uPD780961, 780962, 7809863, and 780964 is shown in Figure 4-1.

Figure 4-1. Memory Map

T FFFFH
| Special Function
I Register (SFR}

256 x 8 bits
FFODH i
FEFFH | Genera-Purpose
Regster
FEEOH |  32x8bis |
FEDFH
W intenal High-Speed
RAMbae
| mmmmH ] T nnnnH
mmmmH — 1 // J. J.
',’ Program Area T
Data Memory { 1000 HT
Space Use Prohibited ; OFFF H[
),' L CAULFEntry Area
f
/" osooH o
FBQOH ! Q7FFH
T FTFREH ! Program Area
. ] |
: [ =& External Memory = ,/ 00BOH
i / 007FH
Progriam  nnnnH+1 | 1 CALLT Table Area
Memory Space nnnnH
| 0C040H
DO3FH
st Internal ROMN et
]! Vector Table Area
_L ‘_L 000CH | 0000H
Note The internal ROM and internal high-speed RAM capacity differ depending on the product (see the table below).
Internai High-Speed RAM
Product Name intenal ROM End Address Start Address
ARnnH mmmmi
uPD780961 1FFFH FDOOH
uPD780962 3FFFH
uPD780963 SFFFH FBOCH
#PD780964 7FFFH

196



NEC uPDT80961, 780962, 780963, 780964

5. PERIPHERAL HARDWARE FUNCTION FEATURES

5.1 PORTS
Two kinds of kO ports are provided.

- CMOS input (Port 1) 8
» CMOS inpuifoutput (Port 0, ports 2 to 6) : 39
Total 147

Table 5-1. Functions of Ports

Port Name Pin Name Function
Port 0 P01 10 PO3 1/O port. Input/output can be specified bit-wisa.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 1 P10to P17 input only port.
Port 2 P20 t0 P26 /0 port. input/output can be specified bit-wise.
When used as an input port, an or-chip puti-up resistor can be connected by software.
Port 3 P30to P37 1/0 port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 4 P40 to P47 VO port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 5 P56 to P57 1O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
LEDs can be driven directly.
Port 6 P64 to P67 /O pert. input/output can be specified bit-wise.

When used as an input port, an on-chip pull-up resistor can be connected by software.
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5.2 CLOCK GENERATOR
A system clock generator is incorporated.
The instruction exection time can be changed.

+ 0.24 ps/0.48 ps/0.96 us/1.8 us/3.8 ps (@ 8.38-MHz operation with system clock)

Figure 5-1. Clock Generator Block Diagram

Prescaler

‘\
X1 {O—={ Systen -
Ci)ck L3S Prescaler l l_——> Clock to
Peripheral Hardware

x2 (O—— Oscillator

L N L
2 | 22 22| 2
STOP
.
: % Standby
o Control
3 Circuit

Wait
[~ Control
Circuit

| ___ CPU Clock
({fepu)
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5.3 TIMER/EVENT COUNTERS
Five timer/event counter channels are incorporated.

- B-bit timer/event counter : 3 channels
« 10-bit timer : 1 channel
- Watchdog timer : 1 channel

Tabie 5-2. Types and Functions of Timer/Event Counters

8-bit Timer/Event 10-bit Ti Watch Ti
Counter - imer atchdog Timer
Type interval timer 3 channels 1 channe} 1 channel
External event counter | 3 channels - -
Functions | Timer output 3 outputs 6 outputs -
PWM output 3 outputs - -
Square wave output 3 outputs - -
Interrupt request 3 1 1
Figure 5-2. 8-Bit Timer/Event Counter Block Diagram
s intemal Bus S
8-8it Compare
Register nt E=1
{CREn) 3 INTTMSn
Ti5n &1
! g
%
3
=F :
Count Ciock™® ? ,‘%
1
1
13! i 1
T 1‘ |
| L : | t ] :
S i
‘ | |
| —— ! ! I | |
TC1502|TCLSA1{TCLEN0 [rcesn[TMcsnsMCsnd LYS5n | LVRSN TMCSMITOESA
Timer Clock Selection Timer Mode Control
Register n (TCLSN) } Register n (TMC5n)
S Internal Bus
Note Count clock differs depending on the timer
TM50 : 62, 1x23, £x25, k27, x29, Ix"*
TMB1 : fx, f/2, £x22, 1x23, x4, fx25
TMS2 : fx24, £x25, fx28, 27, 1x28, {x2°
Remark n=0t02
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Figure 5-3. 10-bit Timer Block Diagram

™7 *«[ RTMO }v*‘~—— INTTM7

TERL o
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Figure 5-4. Watchdog Timer Block Diagram
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5.4 REAL-TIME QUTPUT PORT
The real-time output port outputs data stored in buffers in synchronization with match interrupts of 8-bit timer/event

counters (TM50 and TM52) or external interrupts, enabling to output pulses without jitter.
Therefore, the real-time output method is suited for applications which output given patterns at set intervals.

Figure 5-5. Real-Time Quiput Port Block Diagram

() Internal Bus (
- : : -
L IV
Real-Time Oulput Port Butfer Register \
Control Register . g
(RTPCO} RTBHO |  RTBLO ;
! |
INTP2 (from outside) —= T 4 . l
p— Output Trigger
INTTMSO (from TMS0) Controt Circuit --
INTTM52 (from TM52) —= ‘
< /
- -
Real-Time Output Port
Mode Flegister (RTPMD) | 2 Output Latch <r‘

201



NEC uPD780961, 780962, 780963, 780964

5.5 A/D CONVERTER
Eight 10-bit resolution A/D converter channels are incorporated.
A/D conversion by the following two methods.

» Hardware start
« Software start

Figure 5-6. A/D Converter Block Diagram

Series Resistor String

ANIOIPIg O—=] | Sample & Hold Crrcuit _ T AVes
NP1 O——o] : Voltage Comparator ;0 Avner
ANIZP12 O ——0 (}—T —— 5

ANIS/P13 O—] § ' ;: ‘——b -

ANP14 O—] B LA : E% {

ANISIP15 Ol \ :

ANIB/P16 O——=] Successive Approximation | | P

ANITIP17 O—nf Register (SAR) : : AVss

-

0
B = e
Edge Control
INTPS/POSO—T—ﬁ petector |1 Gircut | INTAD
!

ﬂ N/
A/D Conversion Resuit
L Edge Register (ADCR)
Detector [t

i/ ; INTP3
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5.6 SERIAL INTERFACE

Two independent serial interface channels (UART00 and UARTO1) are incorporated.
Each serial interface incorporates a baud-rate generator. Therefore, it is possible to set a serial transfer rate that is

independent of the operating clock frequency.

The serial transter rate can be set from 75 to 76800 bps {@ fx = 8.38-MHz operation) by setting the mode register.

Table 5-7. Serial Interface Block Diagram

Internal Bus

t 1 }

_ ASIMON

Rxan | Receve §TE0n [RXEn PS0n1]PS0n0] GLOR | SLON isANon st
, [ ASISOn
Recernve TXSn Transmt
RxDOn O— shift lpeon FEOnﬁwahl =2 shi |
Register : Register
l +
TxDon O— : l

n 1 1 =

Receive Transmit
WISER
~—=] Controi Control |+ INTSTn

Party |- INTSRn Parity
Check Add

T ! %2 to /2

L { Baud Rate {when UARTO00)

Generator
124 to fxr2""
(when UARTO1}

Remark n=0,1
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6. INTERRUPT FUNCTIONS

There are 18 interrupt functions of three different kinds as shown below.

* Non-maskable interrupt ot
+ Maskabie interrupts : 16
+ Software interrupt o1

Table 6-1. interrupt Source List

Detault Interrupt Source Internall | Vector Table Basic
Interrupt Type | Priority Note 1 ) External Address Configuratin
Name Trigger Type Note 2
Non-maskable — INTWDT | Watchdog timer overflow internat 0004H (A)
(when non-maskable interrupt 1s selected}
Maskable 0 INTWDT | Watchdog timer overflow {B)
(when interval mer is selected)

1 INTPO | Pin input edge detection External 0006H €)

2 INTP1 0008H

3 INTP2 Q00AH

4 INTP3 QG0CH

5 INTTM7 | TM7 under flow {nternatl QO0EH {B)

6 INTSERO| UARTOO receive error generation 0010H

7 INTSRD | UARTDO receive termination D012H

8 INTSTO | UARTOO transmit termination 0014H

9 INTSER1| UARTO! receive error generation GD16H

10 INTSR1 | UARTO1 receive termination 0018H

11 INTST1 | UARTO1 transmit termination 001AH

12 INTTM50| TM50 and CR50 match signai generation 001CH

13 INTTM51| TM51 and CR51 match signal generation 001EH

14 INTTM52| TM52 and CR52 match signat generation 0020H

15 INTADDQ | A/D conversion termination 00224
Software — BRK | BRK instruction execution — 0Q3EH o)

Notes 1. The default priority is the priority applicable when more than one maskable interrupt is generated. 0is the highest
priority and 15, the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) on the next page.

204



NEC uPD780961, 780962, 780963, 780964

Figure 6-1. Basic interrupt Function Configuration (1/2)
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Figure 6-1. Basic Interrupt Function Configuration (2/2)

(D) Software Interrupt

T Internal Bus S

Interrupt Priority Control Vector Table
Request Circuit Address Generator

IF :interrupt request flag

IE Interrupt enable flag
ISP : In-service priority flag
MK : Interrupt mask flag

PR : Priority specification flag
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7. EXTERNAL DEVICE EXPANSION FUNCTION

The external device expansion function is used to connect external devices to areas other than the internal ROM, RAM
and SFR.

Ports 4 to 6 are used for connection with external devices.
8. STANDBY FUNCTIONS

There are the following two standby functions to reduce the current consumption.

« HALT mode : The CPU operatingclockis stopped. The average current consumption can be reduced by intermittent

operation in combination with the normat operating mode.

< STOP mode : The system clock oscillation is stopped. The whole operation by the system clock is stopped, so that

the system operates with ultra-low power dissipation.

Figure 8-1. Standby Functions

System Clock Operation

interrupt

Request HALT instruction

STOP Instruction

STOP Mode
(System: clock oscillation
is stopped}

HALT Mode
(Clock supply to CPU 18 stopped,
and oscillation is maintained)

9. RESET FUNCTIONS
There are the following two reset methods.

+ External reset by RESET input.
» Internal reset by watchdog timer runaway time detection
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10. INSTRUCTION SET

{1) 8&-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

\2nd Operand Hi+byte]
\-—————-\ #byte A r Note sfr saddr |laddri6| PSW [DE] {HL] | {HL+B}| $addr16 1 None
1st Operand\ [HL+C]
A ADD MOV | MOV | MOV MOV | MOV MOV | MOV MOV ROR
ADDC XCH XCH | XCH ACH XCH XCH XCH ROL
sSuB ADD ADD ADD ADD ADD RORC
SuBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SuB SuB SuUB SuUB SuB
OR SUBC SUBC |SuBC SuBC | suBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XoR XOR
CcMP CMP CMP CMP CMP
r MOV | MOV INC
ADD DEC
ADDC
suB
susC b
AND i
OR
XOR
CMP
B.C DBNZ
sfr MOV | MOV
saddr MOV | MOV bBNZ INC
ADD : DEC
ADDC
suB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE} MOV
{HL] MOV ROR4
ROL4
[HL+byte] MOV
(HL+B}
HL+C]
X MULU
c B DIVUW

Note Except r=A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

1:3;:-';? #word AX rp Mo sfrp saddmp laddr16 SP None
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
i MOvVW MOV W Nete INCW, DECW
PUSH, POP
sfrp MOVW MOVW
saddrp MOVW MOVW
taddr16 MOVW
SP MOVW MOVW

Note Only when mp = BC, DE, HL.

(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR

\2nd Operand
A.bit sir.bit saddr.bit PWS.bit [HL].bit cY Saddr16 None
1st Qperand,
A bit MOV BT SET1
BF CLR1
BTCLR
str.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 8T i SET1
BF CLR1
BTCLR
[HLi].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR?
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XORt
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(4) Call/branch instructions
AY
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GALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCGLR, DBNZ
2nd Operand
AX laddr16 taddrt 1 [addr5] $addr16
1st Operand
Basic instruction BR CALL, BR CALLF CALLT BR, BC, BNC,
BZ, BNZ
Compound instruction BT,BF,BTCLR
DBNZ
(5) Other Instructions
ADJBA, ADJBS, BRK, RET, RET!, RETB, SEL, NOP, El, D}, HALT, STOP
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11. PACKAGE DRAWINGS

64 PIN PLASTIC SHRINK DIP (750 mil)

64 33

>

- T

NOTE ITEM MILLIMETERS INCHES

1) Each iead centeriine 1s located within 0.17 mm (0.007 inch) of A 58.68 MAX.  2.311 MAX,
its true position {T.P.) at maximum material condition. B 1.78 MAX. 0.070 MAX.
2) item "K" to center of leads when formed paralisl. c 1778 (T.P) 0070 (T.P.)
o oso:0.e  0.02070-904
F 0.9 MIN. 0.035 MIN.
G 3.210.3 0.126:0.012
H 0.5) MIN. D.020 MIN.
[ 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 19.05 (T.P.} 0.750{T.P}
L 17.0 0.689
R e
N 0.17 0.067
R 0-15° 0-15°
PBAC-70-7T50A,C-1
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64 PIN PLASTIC QFP ([014)}

A ]
= -
48 33
- P ===
—r ! frr— :
] ! brr— detail of lead end
=] ber—
—rr = .
—rx] = -f
; | = o= e | J__«t;
—rx| | S ¥
== | b o o
[—== O i — -
—=] | =1
—rx} b=
1 64 ! ===
TS 1 16
kY
P64GC-80-AB8-3
|
NOTE ITEM|  MILLIMETERS INCHES :
Each lead centerline is located within 0 15
mm {0.006 inch) of its true positon {T.P.) at A 17.6£0.4 0693=0.016
maximum material condition B 14 020.2 0.551°23%% :
d i
[« 14 0+0.2 0.551%% 358 |
D 17 6+0.4 0.6930.016 l
1 F 1.0 0.033 j
. G ‘ 1.0 0.039 1‘
T H Ol 0.3520.10 0.014+93% ;
| 0.15 0.006 '
3 0.81{1T.P) L 031 (TR
-
X 18%0.2 © 007120.008
L 08202 | 0.031:3%
M 015:388 0.006%53%%
—
N 010 0.004 |
—1
3 2 55 0.100 '
— —
QL 0101 0.004:0004 |
_t
= '
s 2 85 MAX. 0.112 MAX
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