DATA SHEET

NEC / MOS INTEGRATED CIRCUI

1PD780001

8-BIT SINGLE-CHIP MICROCONTROLLER

DESCRIPTION
The uPD780001 is a product of the 78K/0 Series of microcontroliers, and features internal 8-bit resolution A/D
converters, timers, serial interface units, interrupt controllers, and many other incorporated peripheral hardware.
A one-time PROM or EPROM version (uPD78P018F) and various development tools for the uPD780001 are
available. The uPD78P018F is capable of opsraling in the same power supply voltage range as the uPD780001.

Functions are described in detail in the following User's Manuals. They should be read before starting design.

uPD780001 User's Manual : in preparation
78K/0 Series User's Manual—Instruction : IEU-1372

FEATURES

* Internal ROM and RAM » /O ports : 39
« internal ROM : 8 Kbytes 8-bit resolution A/D converter : 8 channeis
» internal high-speed RAM : 192 bytes Serial interface : 1 channel

« Two types of packages are provided: * 3-wire serial I/O mode : 1 channel
» 64-pin plastic shrink DiP (750 mit) « Timer : 3 channels
» 64-pin plastic QFP (14 x 14 mm) ¢ Supply voltage : Voo =2.7t0 6.5 V

Instruction execution time can be varied trom high-speed
(0.4 us) to low-speed (6.4 us)

APPLICATIONS
Telephones, VCRs, audic equipment, cameras, air conditioners, home appliances, pagers, etc.

ORDERING INFORMATION

Part Number Package
uPD7B0001CW-xxx 64-pin plastic shrink DIP (750 mil)
puPD7B0001GC-xxx-AB8 64-pin plastic GFP (14 x 14 mm}

Remark xxx indicates ROM code suffix.

The information in this document {8 subject ta change without notice.

Document No. U10324EJ1VODS00 (1st edition) The mark 4% shows major revised points.
Date Pubkshed March 1998 P
Printed n Japan © NEC Corporation  19¢
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78K/0 Series Development

The following shows the 78K/0 series products development. Subseries names are shown inside frames.

D Products in mass production

Products under development

Y subserigs products are compatibie with I°C bus.

Control
100-pin A timer was added to the yPD78054 and extemat interface function was enhanced
100-pin ROM-less versions of the uPD78078
80-pin UART and D/A converler were added to the psP078014 and O was enhanced
| 64-pin Low-vollage (1.8 V) operation versions of the zPD78014 with several ROM and RAM capacities avadable
S4-pin " uPDT8014 L /PD78014Y An A/D converter and 16-bit timer ware added 10 the uPD78002
64-pin uPO780001 An A/D converter was added 1o the uPD78002
84-pin uPD78002 uPD78002Y Basic subseries for control
L_gz-/«-pm‘ pPD78083 / On-chip UART, capabie of operating at a low votage (1.8 V)
78K/0 FiP™drive

series The /O and FIP C/D of the uPD78044A were enhanced, Display output tatal: 53
A B-bit U/D counter was added to the 4PD78024, Display output total: 34

Basic subseries lor driving FiP, Dispiay output total: 26

LCD drive

-
100-pin HPD78064B, EMi noise-reduced version of the yPD78064

! 100-pin HPD78084 #PD78064Y Basic subserigs for driving LCDs, On-chip UART

[

IEBus™ supported
— 80-pin #PD78098 The IEBus controller was added to the vPD78054
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The following table shows the differences among subseries functions.

Function | ROM Timsr 8-bit | 8-bit | Serial intarface YO |Voo MIN.| External
Part Number Capacity 8-bit 116-bit| waich| WDT | A/D | D/A Value Expansion
Controf l uPD78078 |32 K-60K [4ch jich |1ch {1ch [8ch |2¢ch | 3ch (UART: tch)|88 |18V Available
| uPD78070A | - . 61 |27V
uPD78054 |16 K-60 K | 2ch 69 |20V
uPD78018F [ 8 K-80 K - 2ch 53 |18V
uPD78014 | 8 K-32 K 27V |
#PD780001 |8 K - - tch 39 Not available
4PD78002 |8 K-16 K 1ch . 53 | Available
#PD78083 - 8ch ich (UART: 1ch) |33 |18V Not available
FIP drive #PD780208 |32 K-60 K |2ch [1ch |1ch |1ch {Bch [~ 2ch 74 (27V Not available
LPD78044A | 16 K-40 K (68|
uPD78024 |24 K-32 K 54
LCD drive uPD78064B |32 K 2ch |ich |1ch |1ch |8ch |~ 2ch (UART: 1ch) |57 [20V Not available
uPD78064 |16 K32 K
{EBus 4PD78098 [32K-60K |2ch [1ch [1ch [tch |8ch [2ch | 3ch (UART: 1ch}| 69 |27V Available
supported i
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FUNCTION DESCRIPTION

ltem Function
Internal memory | AOM 8 Kbytes

intarnal high-speed | 192 bytes

RAM
Memory space 64 Kbytes
General register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
instruction cycles instruction execution time variable function is integrated.

0.4 us/0.8 us/1.6 us/3.2 us/6.4 ps (@ 10.0 MHz operation with main system ciock)

Instruction sat + 18-bit operation

« Multiply/divide {8 bits x 8 bits, 16 bits -~ 8 bits)
!« Bit manipulate {set, reset, test, Boolean operation}
* BCD adjust, etc.

/O ports Total 1 39
* CMOS input 4
« CMOS input/output : 35
A/D converter + 8-bit resolution x 8 channels
« Operable over a wide power supply voltage range: Voo =2.7t055V
Serial interface 3-wire serial /O mode: 1 channel
Timer * 8-bit timer/event counter: 2 channsls

« Watchdog timer: 1 channel

Timer output 2

Clack autput 39.1 kHz, 78.1 kHz. 156 kHz, 313 kMz, 625 kHz, 1.25 MHz
{@ 10.0 MHz operation with main system clock)

Buzzer output 2.4 kHz, 4.9 kHz, 9.8 kHz
(@ 10.0 MHz operation with main system clock)

morsd Maskabie interrupts | Internal: 5, External: 3
interrupts Non-Maskable Internat; 1
interrupt
[LLSoitware interrupt internal: 1

Tast input External: 1

Supply voltage Vor=271055V

Operating ambient temperature Ta=-401t0 +85'C

Package 1B 84-pin plastic shrink DIP (750 mil} T

« 64-pin plastic QFP (14 = 14 mm)

1233



NEC

1PD780001

1. PIN CONFIGURATION (Top View)

» 64-Pin Plastic Shrink DIP (750 mii)

62
61
&0
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33

js—O AVrer
—O AVoo
O ANI7
[+—O ANI6
jo——O ANIS
le—O ANI4
le——O ANI3
le—(O ANI2
le—(O AN!I
le—O ANIO
O AVss
H—O NC
—O NC
—O iC
fe—0O X1
—O X2
—CO Voo
[+ PO3/INTP3
je—=O PO2/INTP2
je—=CO POV/INTP1
O NC
fe—O RESET
je—O PE7
je—=O P66
j«—~O P65
je=O P64
l+—O P63
lo—C P62
[«—O P61
l+—O P60
je—=O P57

je—+(O P56

Always connect the IC (Internally Connected) pin to Vss directly.
Always connect the NC (Non-connection) pin to Vss (However, can also be left open).

WPD780001CW-xxx
P20/S11 Qe 1
P21/501 O-+]2
P22/SCK1 Oe»3
P23 Oewl4
P24 Oesls
NC O—16
NC O—17
NC O—18
P30 Oeslg
P31/TO1 O=+{10
P32/T02 Ows] 11
P33/TI1 Oee]12
P34/TI2 O*+{13
P35/PCL Oes{ 14
P36/BUZ O+ 15
P37 Oe»]16
Vss O—17
P40 Oe-sl18
P41 O] 18
P42 O 20
P43 Oesf21
P44 Ol 22
pPas O=sl23
P46 Oe-vl24
P47 Oe>125
P50 Oe>{26
P51 (el 27
P52 Oes{28
P53 O 29
NC O—130
P55 O« 3%
Vss O—]32
Cautions 1.
2.
3. Always connect the AVoo pin to Voo.
4. Always connect the AVss pin to Vss.

1234



NEC 1PD780001
* 64-Pin Plastic QFP (14 x 14 mm)
uPD780001GC-xxx-AB8
% -
235 4
o~ = WS N~ WY DN
oo oddJdI&8353Z2z22%2
Z 2 200000 4« € Aa (L L
O0COCCOOOOO 000
ij%ng?:szQr?Q
! 1 . H i v H
SEETEEEENERERE
P30 O 164 63 62 61 60 59 58 57 56 55 54 53 52515049, ], ~ ..,
P31/TOl Ce—sf2 () 47 fe——0O ANIO
P32/TO2 O3 46 F——0 AVss
P33/TI1 Qe—aj4 45 |—— NC
P34/Ti2 Oe—w|5 44 b - NC
P35/PCL Ca—w| 6 43— t1c
P3s/BUZ Oe—el7 42 le-—=O X1
P37 Oe—w|8 41 |—0 x2
Vss O——| 9 40 |—O Voo
P40 Oe—»f10 39 fa—»() PO3/NTP3
P41 De—a]11 38 le—») PO2/INTP2
P42 Oe—nl12 37 fa—sC PO1/INTP1
P43 Oe»|13 36 -——O NC
pad Oe—s|14 35 [«—O RESET
P45 Cra—p|15 34 [«—»(O P67
P46 Oe—w| 16 33 |e—»O P66

|
3
2
o

Pa7
Pa1
P52
P53

|

3.

(SR a]
w

z2 ¢8>

P57 Oe—

P56
P60

|
o
o
&

PEs O

—
w
o

byl
0
o

P64

Cautions 1. Always connect the IC (Internally Connected) pin to Vss directly.

2. Always connect the NC (Non-connection) pin to Vss (However, can also be left open).
3. Always connect the AVoo pin to Vao.
4. Always connect tha AVss pin to Vss.
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P01-PO3 :Port 0 PCL : Programmable Ciock
P20-P24 :Port 2 BUZ : Buzzer Clock
P30-P37 :Port 3 X1, X2 : Crystat
P40-P47 : Port 4 RESET : Reset
P50-P53, P55-P57 : Port 5 ANIO-AN!7 : Analog Input
P60-P67 . Port 6 AVop : Analog Power Supply
INTP1-INTP3 : Interrupt from Peripherals AVss : Analog Ground
™, T2 : Timer Input AVrEF : Analog Reference Voltage
TO1, TO2 : Timer Qutput Voo : Power Supply
S : Serial Input Vss : Ground
SO : Serial Output IC : Internally Connected
SCK1 : Serial Clock NC : Non-Connection

2. BLOCK DIAGRAM
TOP31 B TMER/ > I > P01-PO3
TIP3 EVENT COUNTER 1 I v
i
To/P32 508 TMER/ ! ~
TI2/P34 — | EVENT COUNTER 2 J P20-P24
78K0 ROM :
CPU CORE] |(8 KBytes) .
WATCHOOG THER o
o
4 o i
S11/P20 —w] SERAL ¢> < <
SO1P21 =
Soiipaz | NTERRACE | 7 <::/) P30.Pa7
ANIO-ANIT [
RAM A r. PEO-P53,
Avoo | a5 cOMERTER [ | (1192 Bytes) <~ PORTS -7 P55-P57
AVss —- -
AVigs —~ —e ‘ :
INTPY/PO1- ] INTERRUPT | At A ﬁ:: PBO-P63
INTP3/PO3 — ] CONTROL |~ K] PORTSE N
K> P84-P87
‘ : 1 sysTEM [ RESET
; Voo Vs IC ; -
. CLOCK CUTPUT [ At i o
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3. PIN FUNCTIONS

3.1 Port Pins

Pin Name 110 Function Aftar Reset| Alternate
Function
P01-P03 input/ Port 0 Input INTP1-
output 3-bit input/output port. INTP3

Input/output can be specified bit-wise.
When used as an input port, puil-up resistor can be connected by software.

P20 Input/ Port 2 Inpuit SH
P21 output 5-bit input/output port. so1
P22 Input/output can be specified bit-wise. SCK1
P23, 24 When used as an input port, pull-up resistor can be connacted by software.
P30 Input/ Port 3 Input —
P31 output 8-bit input/output port. TO1
P32 Input/output can be specified bit-wise. TO2
_P33 . When used as an input port, puli-up resistor can be connaected by software. ™
P34 Ti2
P35 PCL
R BUZ
P37 { —
P40-P47 Irput/ Port 4 i input —_

output 8-bit input/output port.

Input/output can be specified in 8-bit units.

When used as an input port, pull-up resistor can be connected by software.
Test input Hag (KRIF) is set to 1 by faliing edge detection.

P50-P53, Input/ Port 5 Input —
P55-P57 i output 7-bit inputioutput port.

‘ LEDs can be driven directly

© Input/output can be specified bit-wise
When used as an input port, pull-up resistor can be connected by software.
| P60-PE3 | Input Port & T } Input only. input i :M‘kij

PB4-P67 i Input/ 8-bit input/output port. ‘ input/output can be specified bit-wise. ! input -

! output ‘ When used as an input port, pull-up resistor !

, ! can be connected by software. . %
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3.2 Non-port Pins

Pin Name {fe] Function After Reset | Alternate
Function
INTP1 Input External interrupt input by which the effective edge (rising edge, falting edge, | Input PO1
INTP2 or both rising edge and failing edge) can be specified. P02
INTP3 Falling edge detection extarnal interrupt input. P03
Sit input Saerial interface serial data input. Input P20
S01 Qutput Serial interface serial data output. Input P21
SCKi input/ Seria! interface serial clock input/output. {nput P22
output

T Input External count clock input to 8-bit timer (TM1). Input P33
Ti2 External count clock input tc 8-bit imer (TM2). P34
TO1 Output 8-bit timer output. {nput P31
TOZ2 P32
PCL Qutput Clock output (for main systam clock trimming). tnput P35
BUZ Qutput Buzzer output. input P36
ANIO-ANI7 input A/D converter analog input. Input —
AVaee input ASD converter reference voltage input. — —
AVoo _ A/O converter anaiog power supply. Connectad to Voo. - -
AVss —_ A/D converter ground potential. Connected to Vss. — —
RESET Input System reset input. — —
Xt Input Main system clock osciliation crystal connaction. — —
X2 —_ — —
Voo — Positive power supply. — —
Vss —_ Ground potential. - —
ic — Internaily connected. Connected to Vss directly. - —
NC — Not intarnally connectad. Connected to Vss (Also can be ieft open). — —
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3.3 Pin VO Circuits and Recommended Connectlon of Unused Pins
The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 3-1.
For the input/output circuit configuration of each type, sde Figure 3-1.

Table 3-1. Types of Pin Input/Output Circuit

Pin Name Input/Output Input/Output Recommended Connection when Not Used
Circuit Type
PO1/INTP1 8-A Inputioutput independenily connected to Vss through resistor.
PO/NTP2
PO3/INTP3
ANIO-ANI7 7 input Connected to Voo or Vss.
P20/S11 8-A Input/output Independently connected to Voo or Vss through resistor.
P21/1501 5-A |
P22/SEK1 8-A ;
P23 5-A
P24 8-A
P30 5-A ;
P31/TON
P32/T02
P33/TIN 8-A
P34/TI2
P35/PCL 5-A
P36/BUZ
P37
P40-P47 5-E input/output Independently connectad to Voo through resistor.
P50-P53 5-A input/output Independently connected ta Voo or Vss through resistor.
P55-P57
P60-P63 28 tnput Connected to Voo or Vss.
P64-PE7 5-A Inputioutput Independentty connected to Voo or Vss through resistor.
RESET 2 Input -
AVRerF —_ - Connected to Vss.
AVpo Connected to Voo.
AVss Connected 1o Vss.
[[e] Connected to Vss directly.
NC Connected to Vss (Also can be left apen).

Caution  The connection of the NC pin differs from that of the PROM version (uPD78P018F).
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Figure 3-1. Pin Input/Qutput Circuits
Type 2 J Type S-E ]
—_— Voo
M
*
puliup 3 D |E Pech
NG enabls Voo
T
data P.ch
L J-l—-l——o INFOUT
output N-chi
Schmitt-Triggered Input with Hysteresis Characteristic disable T —
Type 2-B Type 7 ]
P-ch=—
- . s>
N-ch&= 1
] 3
input becd
enable
Vaer
(Threshold Voitage)
Type 5-A J Voo Type 8-A I Voo
puliy g pullup e B
anable Do b= Pen enable D = Feech
Voo Voo i
T |
date ————p——f"y, I[- P.ch data———+——f") = pon )

INJOUT

\
output
A p”|e .4*:@0—{ 4hi

input
enable

— fiw__o INFOUT

outpt o= De—{ V- Chq

disable
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4. MEMORY SPACE

The memory map of the uPD780001 is shown in Figure 4-1.

Figure 4-1. Memory Map

e FFFFH
Special Function Registers
(SFR) 256 x 8 Bits
FFOOH
; FEFFH General Registers
i FEEOH 32 x 8 Bits
FEDFH
i Internal High-Speed RAM
: 192 x 8 Bits
FE4OH U YFERH
: FE3FH :
i | = Program Area —_
Data { 1000H
Memory ! OFFFH
Space L { = CALLF Entry Area =
= Use Prohibited ==, 080OH
r ! 07FFH
i -~ Program Area "T:
0080H
X 007FH
: _ 2000H B CALLT Table Area
! I 1FFRH
: i 0040H
! :lrogram o Internal AOM - 003FH
emory T . _
‘ Space 8192 x 8 Bits Vector Table Area
% ocooom  o0ooH
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5. PERIPHERAL HARDWARE FUNCTION FEATURES

5.1 Ports

The following two types of I/O ports are provided.

* CMOS input (P60-P63) 4
* CMOS input/output (pont 0, port 2-port 5, P64-F67) ;35
Total : 39

Table 5-1. Functions of Ports

Port Name Pin Name Function
Port 0 P01-PO3 Input/output ports. Input/output can be specified bit-wise.
When used as an input port, on-chip pull-up resistor can be connected by software.
Port 2 P20-P24 Input/output ports. Inputoutput can be specified bit-wise.
When used as an input port, on-chip pull-up resistor can be connected by software.
Port 3 P30-P37 Inputioutput ports. Input/output can be specified bit-wise.
Whan used as an input port, on-chip pull-up resistor can be connected by software.
Port 4 P40-P47 Input/output ports. input/output can be specified in 8-bit units.
When used as an input port, on-chip pull-up resistor can be connected by software.
Taest input fiag (KRIF) is set to 1 by falling edge detection.
Port 5 P50-P53, Input/output ports. Input/output can be specified bit-wise.
P55-P57 When used as an input port, on-chip pull-up rasistor can be connected by software.
LEDs can be driven directly.
Port 6 P80-P63 Input-only port.
P64-P87 Inputoutput ports. Input/output can be specified bit-wise.
When used as an input port, on-chip pull-up resistor can be connected by software.
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5.2 Clock Generator
An on-chip main system clock generator is provided.
The instruction exection time can be changed.
» 0.4 us/0.8 us/1.6 ps/3.2 us/6.4 us (Main system clock: at 10.0-MHz operation)
Figure 5-1. Clock Generator Block Diagram
J— Prescaler
A ) Glock 1
Syst x _ N N 1e)
- T Prescaler TS Pengheral
X2 ——-] Oscillator ! T 1 Hardware
T A
[N S L T LT
i 2 £ : 22t
sTap A
\ P
; ! I [RPE—
A
i | . ]
! | : Standby GPU Clock
! i S Selector Control  [—————""> (fcry)
H ; ﬂ Circuit
e ]
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5.3 Timer/Event Counter

The foliowing three channeis are incorporated in the timer/event counter.

* B-bit timer/event counter
¢ Watchdog timer

1 2 channels
1 1 channet

Table 5-2. Types and Functions of Timer/Event Counter

B-bit Timer/Event Waichdog
Counter Timer
Type Intervat timer 2 channels 1 channel
External event counter 2 channels -
Functions | Timer output 2 outputs -
Square wave output 2 outputs -
Interrupt request 2 1
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Figure 5-2. 8-bit Timer/Event Counter Block Diagram
g Intemal Bus S
A P
J s . L INTTMA
i P i
8-Bit Compare : = b ’
Regls"ter {CR10) 8-Bit Compare _ B
L Register (CR20)| .- oo
o Selector |- e} Controi }-=; TO2/P32
| Circuit
ErLI ‘ A o e INTTMZ
. 8-Bit Timer i
2 - ~fSelector[ > pegister 1 (TM1Y ] py—
TH/P33 (T T T Ciear “{Register 2 (TM2)
RS S T i
e — ! I | Clear
/24,
-
/22 . fSelectorf-—
T Gy : e ~ s e s e e
12/P34 (O - Output | __
i e i s e m——] Controt{- 27 TOVP31
~ 7 e Ci
g Internal Bus x
Figure 5-3. Watchdog Timer Block Diagram
X Prescaler
24
|
) J.x._—‘r,ﬁ_ Ix ‘{ B B La. INTWDT
26 1o f 22 | 2 g0 | 2n ———« Maskable
! i Interrupt Request
| - ]
! ] . Contro! BERET
¥ ~ T "]selector ] 8.8t Counter Gonwol} . RESET
‘; e 4 INTWDT
e o ~—* Non-Maskable
| - Interrupt Request
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5.4 Clock Qutput Control Circuit
The clock with the following frequencies can be output for clock output.

* 39.1 kHz/78.1 kHz/156 kHz/313 kHz/625 kHz/1.25 MHz (Main system clock: at 10.0-MHz operation)

Figure 5-4. Clock Output Control Circuit Block Diagram

Synchronization OutputControl |~
fx/2® Selector Clrcuit Gircuit PCL/P35

fwa! ——

28—

5.5 Buzzer Output Control Circuit
A clock with the foliowing frequencies can be output for buzzer output.

* 2.4 kHz/4.9 kHz/9.8 kHz (Main system clock: at 10.0-MHz operation)

Figure 5-5. Buzzer Output Controf Circuit Block Diagram

20 ———»

f/2'" Selector 8}&1‘100""0' l—— BUZP36

() o
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5.6 A/D Converter

The A/D converter has on-chip eight 8-bit resolution channels.
There are the following two methods to start A/D conversion.

» Hardware starting
* Software starting

Figure 5-6. A/D Converter Block Diagram

Series Resistor Stri
ircui T T T () AVl
ANIO (O)——= Sampie & Hold Circuit }
- TT o T T T T X {3} AVrer
ANH (O)—e] X \O- Voltage Comparator ! é ! =
i ey e ! i
ANIZ (O)—] -0 B Lo : CE
- o F
AN ()] ! S 5 Tap o
p Selector| I. 'Selector; . |
ANi4 (O A ; ! | |
ANis (S ! i ‘ §
ANi6 Succesive Approximation | - ! ; Ty AV
AN (D Register 5aR) | i 7 T T AV
? i ‘ }
[ PR S S U S————
. i
Falling ;
Control — — -~ INTAD
INTPA/PO3(C
P03 (0)— Eudge I "1 crour |
b | e e INTP3
s 7
A/D Conversion
Resuit Register (ADCR)
7
q internal Bus S

1247



NEC

1PD780001

5.7 Serial Interface
One on-chip clocked serial interface is provided.

Serial interface channel 1 operates in MSB/LSB-first switchable 3-wire serial YO mode.

Figure 5-7. Serial Interface Channel 1 Block Diagram

& intemat Bus 5
FEN
<7
SH/P20 @»~~{>-m——~~»—- -l Serial YO Shift Register 1 (SIO1) —
|
i
i

so1/P21 @M,ﬂ,q,,, -

P~

8CKi/P22 (T} >

Seriai Clock Counter \

Interupt Request] __ iNtesi
Signal Generator

Serial Clock Control Circuit

<

s PP Y

\r.,,,ﬁ'/z /2
Selector, TO2

o —

—_—d
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6. INTERRUPT FUNCTIONS AND TEST FUNCTION

6.1 Interrupt Functions
There are 10 interrupt functions of 3 different kinds as shown below,

* Non-maskable interrupt o1
* Maskable interrupts 8
» Software interrupt o1

Table 6-1. interrupt Source List

Interrupt Defauit Interrupt Source Internal/ | Vector Table | BasicNe?
Type PriorityNe*t | Name Trigger External | Address t Configuration
| Type
Non- — | INTWDT Watchdog timer overfiow Internal 0004H (A}
maskable {with watchdog timer mode 1 selected)
Maskable ] { INTWDT i Watchdog timer overflow 1 (B)
{with intarval timer mode setected) i
1 INTP? Pin input edge detection . External 0008H ‘ (C)
2 INTP2 000AH
3 INTP3 Q00CH
,4 INTCSIHt Serial interface channel 1 transter end Internal Q010H _—_J (B)
‘5 INTTM1 8-bit timer/event counter 1 match signal Q016+
generation
6 INTTMZ2 8-bit timer/event counter 2 match signal ; 0018H
generation |
7 INTAD A/D conventer conversion end O001AH
Software - Jl BRK BRK instruction execution Internal 003EH {D}

Notes 1. The default priority is the priority applicabie when more than one maskable interrupt is generated. 0is the highest
pricrity and 7, the lowest.
2. Basic configuration types (A) - (D) correspond to those on Figure 6-1.
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Figure 6-1. Interrupt Function Basic Configuration (1/2)

(A} Internal Non-Maskable Interrupt

g Internal Bus 5
interrupt Priority Control Xms:ab‘e
Request Circuit Generator
Standby Aelsase
Signal

{B) internal Maskable Interrupt

K Internal Bus __5

5 o

[]
|
|
|
i

Vector Table
Interrupt 1) mev Control Address
Request ircuit Ganerahor
Standby Release
Signal
(C) External Maskable Interrupt
‘ Intemal Bus 5

“J

External Interrupt

Mode Register

(INTMO} ;
O

Vector Table
Interrupt Edge E_‘D g. m"‘ "'t Contro Address

Request Detector

Standby Release
Signal
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Figure 6-1. Interrupt Function Basic Configuration (2/2)

(D) Software interrupt

\7 Internal Bus 5

- Vactor Table
Interrupt _ Priority Control
Request —| Circuit M"'erss .

IF  :interrupt request flag
IE  :interrupt enable flag
ISP : In-service priority flag
MK ! Interrupt mask flag

PR : Priority spcification flag

6.2 Test Function
The following one test function is provided.

Test Source J Internal/External
Name Trigger
INTPT4 Port 4 falling edge detection External

Figure 6-2. Test Function Basic Configuration

imemal Bus S
|

Test IF 1?@“ Standby Release

input Signal Sigral

IF  : Test input flag
MK : Test mask flag
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7. STANDBY FUNCTIONS
There are the following two standby functions to reduce the current consumption.

*HALT mode : The CPU operating clock is stopped. The average current consumption can be reduced by
intermittent operation in combination with the normal operating mode.

* STOP mode : The main system clock oscillation is stopped. The whole operation by the main system clock is
stopped, so that the system operates with ultra-low power dissipation.

Figure 7-1. Standby Functions

Main Systern
Clock Operation

Interrupt

Request Instruction

STOP Mode
(Main system clock
osciflation stopped}

HALT Mode
{Clock supply to CPU is stopped,
osciflation maintained)
8. RESET FUNCTIONS

There are the following two reset methods.

» External reset input by RESET pin.
* Internal reset by watchdog timer runaway time detection.
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9. INSTRUCTION SET

{1) 8-Bit Instruction
MOV, XCH, ADD, ADDC, S8UB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC, ROLC,
ROR4, ROL4, PUSH, POP, DBNZ

\2nd Operand | #byte |A hote sir ‘saddr laddr16 |PSW [DE] {HL} {Ht+byte]| $addri6 |1 Nona
[HL+B]
1st Operand {HL+C}
A ADD MOV [MOV MOV MOV MOV MOV MOV MOV ROR
ADDC XCH  |XCH | XCH XCH XCH XCH XCH ROL
sUB ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC  |ADDC ADDC | ADDC ROLC
AND suB suB sug suB  isuB
OR SuBC SUBC  |{SUBC SUBC |SUBC
XOR AND AND AND AND AND
CMP | lOR OR OR OR OR
XOR XOR XOR XOR XOR
cMmp CMP 1CMP cMp CcMP
v MOV | MOV ING
ADD DEC
ADOC !
sus
SUBC
AND
OR |
XOR
CMP
1 DBNZ
ste MOV | MOV | ‘
saddr MOV |MOV | DBNZ INC
ADD DEC
ADDC
suB
SUBC
AND
oR
XOR
CcMP
taddri6 ) MOV
PSW MCV | MOV PUSH
PoP
{DE] MOV | T
ML) MOV ROR4
ROL4
[HL+byte} MOV
[HL+8) |
(HL+C}
3 | MULY
c otvuw

Note Except r=A
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{2) 16-Bit Instruction
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand | #word AX piew stp saddmp laddr16 SP None
1st Operand
AX ADDW MOVW MOvW MOVW MOVW MOVW
SUBW XCHW
CMPW
i MOVW MOVWhan INCW, DECW
PUSH, POP
strp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW

Note Oniy when rp=BC, DE, HL.

(3) Bit Manipulation Instructi
MOV1, AND1, OR1, XOR1, SET1{, CLR1, NOT1, BT, BF, BTCLR

2nd Operand | Abit str.bit saddr.bil PSW.bit {HL1biL cY $addr16 Nane
15t Operand \
Abit MOVt BT SET1
BF CLR1
BTCLR
siroit MOV BT SET1
BF CLR1
BTCLRA
saddr.bit MOV1 ‘87 SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SETH
BF CLR1
B8TCLR
[HL].bit MOV1 8T SET1
BF CLRt
BTCLR
[543 MOV MOV1 MOV1 MOV1 MOV1 SET1
! AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR?
{4) Call Instruction/Branch Instruction
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ
2nd Operand AX taddr16 faddr11 faddrs] $addr1
18t Operand T
Basic Instruction BR CALL, BR CALLF CALLT BR, BC, BNC.
: BZ, BNZ
Compound instruction BT, BF, BTCLR,
DBNZ

{5) Other instruction
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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10. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol | Tast Conditions Ratings Unit
Supply voltage Voo -0.310+7.0 Vv
AVoo -0.3 1o Voo +0.3 v
AVngr ~0.3 to Voo +0.3 v
AVss -0310 +0.3 4
Input voitage Wi P01-P03, P20-P24, P30-P37, P40-P47, ~0.3 1o Voo +0.3 v
PS0-P53, P55-P57, PBO-PE7, X1, X2
Output voitage Vo ~0.3 to Voo +0.3 \
Analog input voltage Van ANIO-ANI7 i Analog input pins AVss — 0.3 t0 AVrer + 0.3 v
Output current, high fom Per pin -10 mA
Totat for P20-P24, P30-P37 -15 mA
Total for PO1-P03, P40-P47, P50-P53, PS5-P57, [ ~15 mA
P§4-PE7
Output current, low lop N Per pin Peak vatuse| 30 mA
r.ms. value | 15 mA
Total for P40-P47, P50-P53, PS5 | Peak valua| 100 mA
r.m.s. vaiue | 70 mA
Total for P01-P03, P56, P57, Peak value| 100 mA
P64-P67 r.m.s, vae | 70 mA
Total for PO1-P03, P64-P67 Peak value| 50 mA
r.m.s. valus | 20 mA
Total for P20-P24, P30-P37 Peak value| 50 mA
r.m.s. value | 20 mA
Operating ambient temperature | Ta -40 to +85 °C
Storage temperature Topt ~65 to +150 °C

Note The r.m.s. value should be calculated as follows: [r.m.s. value] = [Peak value} xfﬁ[x?g
Caution  Exposure to Absolute Maximum Ratings for extended perlods may affect device reliability; exceeding
the ratings could cause permanent damage. The parameters apply independently. The device shouid

be operated within the limits specified.

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

Parameter Symbot | Test Conditions MIN. TYP. MAX. | Unit
input capacitance Cin f = 1 MHz, unmeasured pins returned to 0 V. 15 pF
/O capacitance Cio f=1 MHz, PO1-P0O3, P20-P24, P30-P37, 15 pF
unmeasured pins P40-P47, P50-P53, P55-P57,
returned to O V. P64-P67

Remark Unless otherwise specified, dual-function pin characteristics are the same as port pin characteristics.
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Main System Clock Oscillator Characteristics (Ta = ~40 to +85 °C, Vob = 2.7 10 5.5 V)
Resonator Recommended Parameter Test Conditions MIN. TYP MAX, Unit
Circuit
Caramic Xt X2 V:l Osciltation frequency Voo = Osciltation voltage 1 10 MHz
resonator (fx) om? range
Oscillation stabilization | After Voo came to MiN. 4 ms
time Mot 2 of oscillation voltage range
Crystal Oscillation frequency 1 8.38 10 MHz
resonator (fxy ot
Oscillation stabilization Voo =45t085V 10 ms
' r; time Moted 30
External clock X1 input frequency 1.0 10.0 MHz
X1 X2
bo_j (f)() Mo §
X1 input high- and 425 500 ns
g HPDTAHCUOL | o0 tavel widths (e, b

Notes 1. Only the oscillator characteristics are shown. For the instruction execution time, refer to AC Characteristics.

2. Time required for oscillation to stabilize after a reset or the STOP mode has been released.

Caution

in the figures as follows to avoid adverse influences on the wiring capacitance:

1256

Keep the wiring length as short as possible.
Do not cross the wiring over other signal lines.
Do not route the wiring in the vicinity of lines through which a high fluctuating current flows.

Do not extract signals from the oscillation circuit.

When using the oscillation circuit of the main system clock, wire the portion enclosed in dotted lines

Always keep the ground point of the capacitor of the oscillation circuit at the same potential as Vss.
Do not connect the power source to a ground pattern through which a high current flows.
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DC Characteristics (Ta = —40 to +85 °C, Vob = 2.7t0 5.5 V)

Parameter Symbol | Test Conditions MIN. TYP. MAX. Unit
Input voltage, high Vik P21, P23, P30-P32, P35-P37, P40-P47, 0.7Voo Voe v
P50-P53, P55-57, PEO-P67
Vi P01-P03, P20, P22, P24, P33, P34, RESET 0.8Voo Voo v
Vinz X1, X2 Voo~0.5 Voo \%
Input voitage, low Vit P21, P23, P30-P32, P35-P37, P40-P47, 0 0.3Voo | V
P50-P53, P55-P57, P60-PE7 ,
Vi P01-P03, P20, P22, P24, P33, P34, RESET 0 0.2Voo | V
Vi X1, X2 0 04 vV
Output valtage, high | Vou Voo =45t 55V, lon=—1 mA Voo-1.0 v
lon = ~100 pA Voo-0.5 HAY
Qutput voltage, low Ve P50-P53, P55-P57 Vi =451 55V, lon=15mA 0.4 2.0 A
P01-PO3, P20-24, Voo =4.51055 VY, len =16 mA 0.4 v
P30-P37. P40-P47,
P64-P67
Vo2 low = 400 pA : 0.5 v
Input leakage fome Vin = Voo P01-P03, P20-24, P30-P37, 3 LA
current, high P40-P47, P50-P53, P55-P57, !
P60-P67, ANIO-ANI7, RESET
T2 X1, X2 20 HA
Input leakage Tuns V=0V PG1-PO3, P20-24. P30-P37, -3 HA
current, low P40-P47, P50-P53, P55-P57,
P60-P&7, ANIO-ANI7, RESET
[ X1, X2 -20 uA
Output leakage lLow Vour = Voo | 3 uA
current, high
Qutput leakage tol Vour =0V -3 HA
current. low |
Saftware pull-up R Vn=0V, 45<Von 55V 15 40 90 L kQ
resistance P20-P24, P30-P37. :
P40-P47, P50-P53. 27<Von <45V 20 500 KQ
P55-P57, P64-PE7 f

Remark Unless otherwise specified, dual-function pin characteristics are the same as port pin characteristics.
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DC Characteristics (Ta = —40 to +85 °C, Voo = 2.7 10 5.5 V)

Parameter Symbol | Test Conditions MIN, TYP. MAX. | Unit
Supply currantiets? foo1 8.38-MHz crystal oscil- | Voo = 5.0 V & 10% Mow2 6.5 19.5 mA
lation operating mode | Voo = 3.0 V 1 10% Nee? 0.7 2.1 mA

lopz 8.38-MHz crystal oscil- | Voo = 5.0V 1 10% 1.4 4.2 mA

iation HALT mode Voo = 3.0 V 1+ 10% 550 1650 HA

fopa STOP mode Voo =5.0V 1 10% 0.1 20 HA

Voo =3.0V+10% 0.05 10 uA

Notes 1. Not including AVaer current and port current.
2. High-speed mode operation (when processor clock control register (PCC) is set to O0H).
3. Low-speed mode operation (when PCC is set to D4H).

Remark Unless otherwise specified, dual-function pin characteristics are the same as port pin characteristics.
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AC Characteristics (Ta = —40 to +85 °C, Vop = 2.7 t0 5.5 V)

(1) Basic Operation

Parameter Symbol | Test Conditions MiN. TYP. MAX. Unit
Cycle time Tey Voo =45t055V 0.4 64 Hs
{minimum instruction execution 0.96 64 Hs
time}
TH, TI2 input frequency n Vor=45t055YV 0 4 MHz
0 275 kHz
TH, TI2 input triv, Vep=451055V 100 ns
high-/low-level width trie 1.8 us
Interrupt input tNTH, INTP1-INTP3 10 us
high-fiow-level width N KRO-KR7 10 us
RESET low-level width thst 10 us
#PD780001 1PD78P018F (Reference)

Tcy vs Voo (Main System Clock Operation) Tcv vs Voo (Main System Clock Operation)

T = =
80 | : 60
,,,,, L e i ’ - e N
- } ; !
) i .
T T 3 T ” T
€ 10 g 10} - +
el Operation  +—f—+—— b ! O d
ﬁ Gi };) Gu
g ‘ Range E S Range 1
- =
Q 2
g 20 13 20
Q o \
10 1.0 pmo A fen
hY
X
05 — 0.5 N\
0.4 0.4 AN
S T " AV S | L x4 o
1 L T T [ I T !
[} 1 2 3 4 5 6 0 1 2 3 4 5 ]
Power Supply Voitage Voo [V} Power Supply Voltage Voo [V]

Caution  The operation guaranteed range of the .PD780001 Is different from that of the uPD78P018F.
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(2) Serial Interface (Ta = ~40 to +85 'C, Voo = 2.7 to 5.5 V)
(a) 3-wire serial VO mode (SCK1 ... internal ciock output)
Parameter Symbol | Test Conditions MIN. TYP. MAX. Unit
'SCKA cycte lime ey Voo = 4.5t0 5.5V 800 ns
1600 ns

BCKT high-/iow-level width thut, Voo=45t055V trev1/2-50 ns
txLr 100 ns

Sit setup time tsix1 Voo =45t1055V 100 ns

(to SCK1 1) 150 ns

Si1 hold tims tisn 400 ns

(from SCK1 1)

SCK1 | - SO1 tksor C = 100 pFhew 300 ns

output delay time

Note Cis the SO1 output line load capacitance.
(b) 3-wire serial VO mode (SCK1 ... external ciock input)
Parameter Symbol | Test Conditions MIN. TYP. MAX. Unit
SCK1 cycle time treve Vop=451055V 800 ns
1600 ns

SCK1 high-/low-leve! width trHa, Voo = 4.510 5.5V 400 ns
thz 800 ns

SH setup time tsixz 100 ns

to SCK1 1) ns

S hold time (from SCKT 1) | tese 400 ns

S§CK1 { - $01 oz G = 100 pF¥e* 300 ns

output delay time

SCK1 rise, fail time tR, te Voo =450 55V 1000 ns

Note Cis the SO1 output line load capacitance.
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AC Timing Test Point (Excluding X1 Input)

- 0.8 Voo ‘> Test points <r 0.8 Voo
X_0.2Vop - & 0.2 Voo

Clock Timing
- - My - - = -
X1 Input
TI Timing
- e e
|
- T 54 - tTiM - ><, :
| | P
TH, T2

Serial Transfer Timing

3-wire serial YO mode:

. tomiz txsin2
PP -
; H
SH .———.——-—( Input Data >
tisor. 2
|

801 X Output Data X
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A/D Converter Characteristics (Ta = -40 to +85 °C, AVoo = Vpp = 4.210 5.5 V, AVss = Vss = 0 V)
{Ta=-1010 +85 °C, AVop = Voo = 4.0t0 5.5 V, AVss = Vss = 0 V)

Parameter Symbol | Test Conditions MIN. TYP. MAX. Unit
Rasolution 8 8 8 bit
Total error Mot 0.6 %
Conversion time tconv 19.1 200 HS
Sampling time tsame 24/ us
Analog input voitage Vian AVss AVrgr A
Referance voltage AVhzr 2.7 AVoo \
AVres-AVss rasistance Ramer 4 14 KQ

Note Excluding quantization error (+1/2 LSB). Shown as a percentage of the fuil scale vaiue.

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85 °C)

Parameter Symbol | Test Conditions MIN. TYP. MAX. Unit
Data retention supply voltage | Vooor 20 55 A
Oata retantion supply current | foopr Voopr = 2.0 V 0.1 10 A
Release signal setup time 1sREL 0 us
Osciliation stabilization wait | twarr Release by RESET 2'8/f ms
time Release by interrupt Note ms

Note 2'%fx or 2'5/1-2'8/fx can be selected by bit 0-bit 2 (OSTS0-OSTS2) of oscillation stabilization time selection register
(OSTS).

Data Retention Timing (STOP mode released by RESET)

internal Reset Operation

! HALT Mode
|
!4.~ - ’Ie_ff_m._. —— STOP Mode ,A,_.M_,,____._w,.H’ g~ -l Operating Mode
1 i
| |
| ~4———— Data Retention Mode -~ |
1 JL
| U ‘
Voo A Vooor ‘ |
| - {SREC

STOP instruction Execution

S ! i
RESET \Jf

b AT )
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Data Retention Timing (Standby release signal: STOP mode released by interrupt signat)

HALT Mode
- {8 B . STOP Made S .- w4 - Operating Mode

- —— Data Retention Mode -~~~ »
)) .
[{4 h
Voo '\ Vonos
STOP instruction Execution
Standby Release Signal
{interrupt Request)

-t WAt -

- SREL -8

Interrupt Input Timing

e INTL o g

o tNTH —— o}

i
, i ;
INTP1. INTP2 _\_—,’/—\_

RESET input Timing
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11. PACKAGE DRAWINGS

64 PIN PLASTIC SHRINK DIP (750 mil)

64 33

. | i
-]
il
i e -~
o I M R
NOTE ITEM_MILLIMETERS __INCHES
1} Each lead centerline is tocated 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 parallel. < 1778 (TP) 0070(TP)
0.004
D 0.5020.10 0.02075°605
_F 0.9 MIN 0.035 MIN,
G 3.2:0.3 0.126:0012
_H 0.51 MIN 0.020 MIN.
i 4.31 MAX. 0.170 MAX
J 5.08 MAX, 0.200 MAX.
K 18.05(T.P.}  0.750(T.P)
L 170 0669
0.10 +0.004
M o.zsﬁp_os 0.01028°663
N 017 0.007
R 0-15° 0-15°

P64C-70-750A,C-1

Remark  The shape and material of the ES product is the same as those of the mass-produced product.
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64 PIN PLASTIC QFP ((114)

48 33
LTl49 T
— | r— )
—rr ! e detail of lead end
=] =
—r br—
=] rr— —
[——- \ ———
e i == — < [ ®
=T . T 1
=] rr— 1 }
=] Fr— o] w0
=== O i b A
—r—] T
===, 17—
T s ‘ 16 " !
i i Il i
‘ e

P64GC-80-AB8-3

NOTE

lTEMl' MILLI
| 17.6%0.4 : 9320.016 |
14.020.2 0.551°55% ;

o
! 0.551'93%%

Each lead centerline is located within 0.15
mm (0.006 inch) of its true position (T.P.) at
maximum material condition.

i 0.693x0.016
0.039
T 0.039 o
0.35£0.10 0.014:5:5%4
I 0.15 0006
0 os(TR) . 0.031 (T.P)
K | 1.8:02 0.071£0.008
LT om0z ooarsSE
M 01558 | 0.006%%!
N o0 N Y
P | 258 T 00
Q 0.1%0.1 0.004%0.004
s 2.85 MAX. : 0112 MAX.

|

Remark The shape and material of the ES product is the same as those of the mass-produced product.
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12. RECOMMENDED SOLDERING CONDITIONS

It is recommended that the uPD780001 be soidered under the following conditions,
For details on the recommended soldering conditions, refer to information document "Semiconductor Device Mounting
Technology Manuai® (JEI-1207).

For soldering methods and conditions other than those recommended, please contact an NEC sales representative.

Table 12-1. Surface Mount Type Soldering Conditions

#PD780001GC-XXX-AB8: 64-pin plastic QFP (14 x 14 mm)

Soldering Method
Infrared ray reflow ! Package peak temperature: 235'C, Time: 30 seconds max. (210°C min.), IR35-00-2

Soldering Conditions Symbot

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 fiux cleaning with water after the first refiow. !
VPS | Package peak temperature: 215°C, Time: 40 seconds max. (200°C min.), | VP15-00-2

Number of times: 2 max. i

< Cautions >
i {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 aftar the first reflow.

Wave soldering Solder temperature: 260°C max., Time: 10 seconds max., ‘ WS60-00-1
Number of times: 1, Preheating tamperature: 120 “C max. {package surface i
temperature) ‘

Partial heating Pin temperature: 300°C max. Time: 3 seconds max. (per device sida) } -

Caution Do not use different soldering methods together {(except for partial heating method).
Table 12-2. Through-Hole Type Soldering Conditions

#PD780001CW-XXX: 64-pin plastic shrink DIP (750 mil)

Soldering Mathod Saldering Conditions

Wave soldering Solder temperature: 260°C max., Time: 10 seconds max.

{pin only)

Partial heating Pin tamperatura: 300'C max., Time: 3 seconds max. (per pin)

Caution Apply wave scidering only to the pins and be careful so as not to bring solder into direct contact with
the package.
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