DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD78011B, 78012B, 78013, 78014

8-BIT SINGLE-CHIP MICROCOMPUTER

DESCRIPTION

The uPD780118/78012B/78013/78014 are the prodcts in the uPD78014 subseries within the 78K/0 Series.
The uPD78011B/78012B/78013/78014 have 8-bitresolution A/D converter, timer, serial interface, interrupt control,
and many other peripheral hardware functions.

A one-time PROM or EPROM product uPD78P014 capable of operating in the same power supply voltage range
as of the mask ROM product and other development tools are also provided.

Functions are described in detail in the following User's Manual, which should be read when carring out design

work.
MPD78014, 78014Y Series User's Manual: IEU-1343
FEATURES
 Large on-chip ROM & RAM
Item Program Memory Data Memory Package
Internal High-
Product Name (ROM) Speed RAM Butfer RAM
uPD78011B 8K bytes 512 bytes 32 bytes ¢ 64-pin plastic shrink DIP (750 mil)
uPD78012B 16K bytes e 64-pin plastic QFP ({114 mm)
pPD78013 24K bytes 1024bytes
pPD78014 32K bytes

« External memory expansion space : 64K bytes

« Instruction execution time can be varied from high-speed (0.4 us) to ultra-low-speed (122 us)
e /O ponts: 53 (N-ch open-drain : 4)

B-bit resolution A/D converter : 8 channels

Serial interface : 2 channels

Timer : 5 channels

e Operating voltage range : 2.7t0 6.0 V

Application
Telephone, VCR, audio, camera, home appliances, etc.

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

Document No 1C-3179D

The mark % shows major revised points.
(O D No IC-8201F)
Date Published January 1995 P [ 5 po?71990 972 ] )
Pninted i Japan khavse © NEC Corporation 1992
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NEC uPD78011B, 78012B, 78013, 78014

ORDERING INFORMATION

. Ordering Code Package Quality Grade
- uPD78011BCW-xxx 64-pin piastic shrink DIP (750 mil) Standard
pPD78011BGC-xxx-AB8 64-pin plastic QFP (] 14 mm) Standard
uPD78012BCW-xxx 64-pin plastic shrink DIP {750 mil) Standard
pHPD78012GC-xxx-AB8 64-pin plastic QFP {(CJ 14 mm) Standard
uPD78013CW-xxx 64-pin plastic shrink DIP {750 mil) Standard
pPD78013GC-xxx-AB8 64-pin plastic QFP (014 mm) Standard
uPD78014CW-xxx 64-pin plastic shrink DIP {750 mil) Standard
UPD78014GC-xxx-AB8 64-pin plastic QFP (014 mm) Standard

Remarks xxx indicates ROM code No.

Please refer to "Quality grade on NEC Semiconductor Devices" {Document number 1EI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

*  78K/0 SERIES DEVELOPMENT

C) Praducts in Volume Producton oo
uPD780D78 SubSeres

e r e
\ uPD78064 SubSenes 100-pen package
l\ , Products under Development - 8-b:1 umer/event counter
S m e --——--- s 100-pin package Emd '
LCD controlleridrver. x1ernal expanson function
Y senes products are compatible with I°C bus. UART added tar enhanced

16-bit 'mer/event counter
funcuon enhanced

u#PD78098 SubSenes

80-pin package
1EBus™ controller

uPD78054 SubSenes

B0-pin package
UART, D/A converter,
Resl-tyme output port added
16-tit timer/event counter
tunction enhanced

—-—---e----

’

{ uPD78083 SubSenes |,

+4PDTE018FY SubSenes, . e e
sy TTEmEEE N ‘ A2/44-pin packege
uPD78014Y SubSeries '\ uPD78018F SubSenes, UART, AD converter,
CNecccacoea? 8-bit umer/svant counter
SRR R 64-pin package function enhanced
#POT0014 SubSetien Low-voitage, high-speed

operation possibie

64-pin package
A/D converter,
16 bit-timer/event counter function, —meccccsce
SIO with automatic transmit/recewe function
added

Muitiphcation/division instruction added

~

rd
" #PD780208 SubSenes\,

100pin package
FIP controlier/ariver
funcuon enhanced

#PD78044A SubSenes

uPD78044 SubSernes

80-pin package
Automauc transmiyrecerve function added
6-b1t up/down counter sdded

FIP controller/driver function enhanced

uPD78024 SubSenes

pPD78002Y SubSeres 64-p1n package

A/D converter,

16 bit-umer/event counter,

FIB" controlier/driver,

64-pin package Muluphcation/division instruction
added

#PD78002 SubSenes
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NEC

uPD78011B, 78012B, 78013, 78014

OVERVIEW OF FUNCTION ({1/2)

ltem p#PD78011B 4PD780128 uPD78013 uPD7B014

Product Name

ROM 8K bytes 16K bytes 24K bytes 32K bytes
Internal Internal high-

4

memory speed RAM 512 bytes 1024 bytes

Buffer RAM 32 bytes
Memory space 64K bytes

General registers

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

instruction cycle

On-chip instruction execution time cycle modification function

When main system
clock selected

0.4 us/0.8 us/1.6 us/3.2 us/6.4 us (at 10.0 MHz operation)

When subsystem
clock selected

122 us (st 32.768 kHz operation)

Instruction set

* 16-bit operation

» Multiplication/division (B bits x 8 bits, 16 bits + 8 bits)
» Bit manipulation (set, reset, test, boolean operation)
= BCD correction, etc.

/O ports

Total : 83
* CMOS input : 2
« CMOS 11O : 47

+ N-channel open-drain /O
{15 V withstand voltage) : 4

AJ/D converter

* 8-bit resolution x 8 channels
» Operable over a wide power supply voltage range: Voo = 2.7 to 6.0 V

Serial interface

» 3-wire/SBl/2-wire mode selectable: 1 channel
* 3-wire mode (on-chip max. 32 bytes automatic data transmit/receive function): 1 channel

Timer

» 16-bit timer/event counter : 1 channel

= 8-bit timer/event counter : 2 channels
« Watch timer : 1 channel
* Watchdog timer : 1 channel

Timer output

3 {(14-bit PWM output x 1)

Clock output

39.1 kHz, 78.1 kHz, 156 kHz, 313 kHz, 625 kHz, 1.25 MHz (at main system clock 10.0 MHz
operation), 32.768 kHz (at subsystem clock 32.768 kHz operation)

Buzzer output

2.4 kHz, 4.9 kHz, 9.8 kHz (at main system ciock 10.0 MHz operation)

Vectored | Maskable Internal : 8
interrupts | interrupts External: 4
.Non-maskable Internal : 1
interrupt
'Software internal : 1
interrupt

B bLu2?525 0071992 745 WE
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NEC uPD78011B, 780128, 78013, 78014

OVERVIEW OF FUNCTION (2/2)

ltem uPD780118 uPD78012B uPD78013 uPD78014

Product Name
Test input Internal : 1

External : 1
Operating voltage range Voo= 2.7t0 6.0V
Opersating temperature -40 10 +85°C
range
Package » 64-pin plastic shrink DIP (750 mil)

« 84-pin plastic QFP (O 14 mm)

4

B L427525 0071993 LAl Em
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NEC
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NEC uPD78011B, 78012B, 78013, 78014

1. PIN CONFIGURATION (Top View)

64-Pin Plastic Shrink DIP (750 mil)

P20/S11 (O=—ed 1 N 64 }——O) AVrer
P21/SO01 Qw—e{ 2 63 —O Avo
P22/SCK1 Ol 3 62 j+—eO Pr1778NI17
P23/STB Qw—ei 4 61 fs—=) P16/ANIS
P24/BUSY Q=—e{ 5 60 f=—= P15/ANIS

P25/510/S80 O=—={ 6 59 }—=O P14/ANI4
P26/500/SB1 (=l 7 58 re—= P13/ANI3
P27/5CK0 Q-] 8 57 le—=(O P12/aNI2
P30/TO0 Oe—el 9 %% 56 fe—=(C P11/ANN

P31/TO1 Ol 10 99 55 p—e() P10/ANIO
P32/T02 Ol 11 88 54 —O Avss

P33T Qe 12 8> 53 fo—O PO4/XT1

P34/T12 O=—f 13 .E 2 52 —O xT12
P3S/PCL O=—e] 14 X x 51 —O 1c
P36/BUZ O=—el 15 X X 50 f—O x1

P37 O=—ei 16 % 49 —0 x2
vss O— 17 g ) 48 b—0O Voo

P40/AD0 Qe—ei 18 2 47 = PO3/INTP3
P41/ADT O=—el 18 B8 45 le—=0O PO2/INTP2
Ps2/aD2 O=—f20 ¥ & 45 =0 POV/INTPY
P43/AD3 Ow—ef 21 X x 44 »—O POO/INTPO/TIO
P44/AD4 O=—el 22 x X 43 |[+—O RESET
P4s5/ADS (O-=—e] 23 42 pe—=() PG7/ASTB
P46/AD6 O=—ef 24 41 o= PES/WAIT
P47/AD7 (O~ 25 a0 fe—=O PBSWR

P50/A8 (O=—v] 26 39 fe—=O P64/RD

P51/A9 Qe—et 27 38 pe—() P63
P52/A10 (O=—e{ 28 37 = PB2
P53/A11 Qe 29 36 = P61}
P54/A12 (e 30 35 le—=0O Ps0
P55/A13 (O] 31 34 == P57/Aa15

vss O— 32 33 =0 Ps56/A14

Caution 1. Always connect the IC (Internally Connected) pin to Vss directly.
2. Always connect the AVoo pin to Voo.
3. Always connect the AVss pin to Vss.

6 B Ly27525 0071995 454 HA
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NEC pPD78011B, 78012B, 78013, 78014

64-Pin Plastic QFP (O 14 mm)

———(O AVoo
£ fe——= PiuaNIT
le—{) P15/ANI5
le——=) P14/ANI4
8 f—O r,iyann
g.‘s le—) P12/ANI2

2 fe—=O r27/5CK0
8 Je——=( r25/510/SB0
@ le—»{() P24/BUSY
8 fe——=) P23/578

8 f—O Pr22/5Ci
B f—=( P21501

% le——e pP20is11

8 “‘—() AVner

8 fe—+) PI16/ANIS

O 8 le——=( P26/500/SB1

55 52 51
P30/T00 Oe—l 1 fe——= Pr1/ann
p31T01 Qe— 2 47 fe——=) P10/ANIO
p32102 Oe—=ef 3 a6 —CO avss
pazm1 OQe—={ 4 45 fe———O rpoaxn
Pz Oe—el 5 EEEE a4 —O x12
pasipcL Oe-—s] 6 gggg atF—O0 «©
passuz Oe——rl 7 ecee 2 fo— x1
W N -
o0 ®®
p37 Qe—-el 8 6886 a a1 ——O x2
ves O— 9 x x 1 1 0 —C0O voo
x x X X
pao/aD0 Oe—>] 10 x x X : 39 fe—=e) PO3/INTP3
] |
pa1/aD1 Oe—ef 1 b2 ag je——= roz2/NTP2
pazan2 Oe—se] 12 @238 37 f——=(O POIANTPI
Pa3aD3 Q—=f 13 36 fe——O POGANTPO/TIO
paaaps Oe—e] 14 35 fe— RESET
pag/aDs (el 15 34 fe——e( PE7/ASTE
Pag/aADs (Oe—=f 18 33 pe——e{) PEE/WAIT
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
5g2czggfiiEebERE
s 2 e g g 3R g B e 8
hd & & a o £ & a &
Caution 1. Always connect the IC (internally Connected)} pin to Vss directly.
2. Always connect the AVoo pin to Voo.
3. Always connect the AVss pin to Vss.
B Lu27?525 0071996 390 W 7
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NEC

©PD78011B, 78012B, 78013, 78014

PO0 to P04
P10 to P17
P20 to P27
P30 to P37
P40 to P47

- P50 to P57
P60 to P67
INTPO to INTP3
TIO to TI2
TOO to TO2
SBO, SB1
SIo, Sih
SO0, SO1
SCKo, SCK1
PCL
BUZ
ST8B
BUSY

: Port0

: Port 1

: Port 2

: Port3

: Port 4

: Port5

: Porté

: Interrupt From Peripherals
: Timer Input

: Timer Output

: Serial Bus

: Serial Input

: Serial Output

: Serial Clock

. Programmable Clock
: Buzzer Clock

: Strobe

: Busy

ADO to AD7
A8 to A15
RD

WR

WAIT
ASTB

X1, X2
XT1, XT2
RESET
ANIO0 to ANI7
AVoo

AVss

AVRrer

Voo

Vss

IC

: Address/Data Bus

: Address Bus

: Read Strobe

: Write Strobe

: Wait

: Address Strobe

: Crystal (Main System Clock)
: Crystal (Subsystem Clock)
. Reset

: Analog input

: Analog Power Supply

: Analog Ground

: Analog Reference Voltage
: Power Supply

: Ground

: Internally Connected

B Lu2?525 0071997 227 W
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uPD78011B, 78012B, 78013, 78014

NEC

2. BLOCK DIAGRAM
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NEC uPD78011B, 78012B, 78013, 78014

3. PIN FUNCTIONS

3.1 PORT PINS (1/2)

Dual-
Pin Name 170 Function After Reset Y . X
Function Pin
" POO Input Port 0 Input only Input INTPO/TIO
PO1 inputy | BPItVO POt Finpitioutput can be specified bit-wise. Input INTP1
P02 output When used as an input port, pull-up resistor INTP2
can be used by software.
P03 INTP3
PO4*1 input Input only Input X7
P10 to P17 Input/ | Port 1 input ANIO to ANI?7
output | 8-bit input/output port.
input/output can be specified bit-wise.
When used as an input port, pull-up resistor can be used by
software.*2
P20 Input/ | Port 2 Input s
P21 output | 8-bit input/output port. sS01
Input/output can be specified bit-wise. —
P22 . . SCK1
When used as an input port, pull-up resistor can be used by
P23 software. STB
P24 BUSY
P25 SI10/SBo
P26 S00/SB1
P27 SCKO
P30 Input/ | Port 3 Input T00
P31 output | B-bit input/output port. T01
Input/output can be specified in 1-bit units.
P32 When used as an input port, puli-up resistor can be used by TO2
P33 software. Tit
P34 T2
P35 PCL
P36 BUZ
P37 —_
P40 to P47 | Input/ | Port 4 Input ADO to AD?
output | 8-bit input/output port.
Input/output can be specified in 8-bit unit.
When used as an input port, pull-up resistor can be used by
software.
Test input flag (KRIF) is set to 1 by falling edge detection.

* 1. When using the P04/XT1 pins as an input port, set 1 to bit 6 (REC) of the processor control register. Do
not use the on-chip feedback register of the subsystem clock oscillator.
2. When using the P10/ANIO to P17/ANI7 pins as the A/D converter analog input, pull-up resistor is auto-
matically unused.

10 B L427525 0071999 OTT WA
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NEC uPD78011B, 78012B, 78013, 78014

3.1 PORT PINS (2/2)

. Dual-
Pin N Function
in Name 1o After Reset | ¢ ction Pin
PS§0to P57 | Input/ | Port5 Input A8 to A15

output | 8-bit input/output port.

LED can be driven directly.

Input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by

software.
P60 Input/ | Port & N-ch open-drain input/output port.| IPPUt
P61 output | 8-bit input/output port. On-chip pull-up resistor can be
Pe2 input/output can be specified | gnacified by mask option.

bit-wise. LED can be driven directly.
P63
P64 . RD

When used as an input port, pull-up —

P65 resistor can be used by software. WR
P66 WAIT
P67 . ASTB

Caution When pull-up resistors are not used (specified by mask option), the low-level input leak current
increases with -200 pA (MAX.) under either of the following conditions.

@ When the external device expansion function is used and a low-level is input to the pin.
@ During the 3-clock period whan a read instruction is sxecuted on port 6 {P6) and the port mode register
(PMS6).

3.2 OTHER PORTS (1/2)

Pin Name 70 Function After Reset Dual-

: Function Pin
INTPO Input External intarrdm input by which the effective edge (rising edge, | Input P0O/TIO
INTPY : falling edge, or both rising edge and falling edge) can be PO1
INTP2 specified. P02
INTP3 Faliing edge detection external interrupt input. PO3
SlIo Input Serial interface serial data input. input P25/SB0
sh P20
SO0 Output| Serial interface serial data output. Input P26/SB1
SO1 P21
SBO input Serial interface serial data input/output. Input P25/S10
SB1 foutput P26/S00
SCKO Input Serial interface seriai clock input/output. Input P27
scKt /output P22
ST8 Output | Serial interface automatic transmit/receive strobe output. Input P23
BUSY Input Serial interface automatic transmit/receive busy input. Input P24

11
B L42?525 0072000 41T WA
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NEC uPD78011B, 78012B, 78013, 78014

3.2 OTHER PORTS (2/2)

Pin Name Vo Function Ahter Reset Fun?t?:: Pin
Tio Input External count clock input to 16-bit timer (TMO). Input POO/INTPO
™ External count clock input to 8-bit timer (TM1). P33
Ti2 External count clock input to 8-bit timer (TM2). P34
TOO Output 16-bit timer output (shared as 14-bit PWM output). Input P30
TO1 8-bit timer output. P31
TO2 P32
PCL Output Clock output (for main system clock, subsystem clock trimming). Input P35
BUZ Output | Buzzer output. Input P36
ADO to AD7 | Input Low-order address/data bus at external memory expansion. Input P40 to P47

Jfoutput

AB to A15 Qutput High-order address bus at external memory expansion. Input PS0 to P57
RD Output External memory read operation strobe signal output. Input P64

WR External memory write operation strobe signal output. P65
WAIT Input Wait insertion at external memory access. | Wnput P6e6

ASTB Output | Strobe output which latches the address information output at port 4 Input P67

and port § to access external memory.

ANIO to ANI7 | Input A/D converter analog input. Input P10 to P17
AVREF input A/D converter reference voltage input. - -—

AVoo -— A/D converter anslog power supply. Connected to Voo. - —_

AVss —_ A/D converter ground potential. Connected to Vss. -— —_—

AESET input System reset input. - -

X1 Input Main system clock oscillation crystal connection, - -

X2 - - —

XT1 Input Subsystem clock oscillation crystal connection. Input P04

XT2 -— — -

Voo —_— Positive power supply. -_— -—

Vvss -_— Ground potential. _ —_

IC —_ Internal connection. Connected to Vss directly. —_ -

12
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NEC uPD78011B, 780128, 78013, 78014

3.3 Pi! 1/O CIRCUITS AND RECOMMENDED CONNECTION OF UNUSED PINS

The :r;put/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, see Fig. 3-1.

Table 3-1 Input/Output Circuit Type of Each Pin (1/2)

Pin Name :;?:g: ::::t o Recommended Connection when Not Used

POOAANTPO/TIO 2 Input Connected to Vss.

PO1ANTP1 8-A Input/output Input : Connected to Vss.

PO2/INTP2 Output : Leave open.

PO3/INTP3

PO4/XT1 16 Input Connected to Vss.

P10/ANIO to P17/ANI7 1 Input/output Input : Connected to VDD or Vss.
Output : Leave open.

P20/S1 B-A input/output input : Connected to VDD or Vss.

P21/SO1 5-A Output : Leave open.

P22/SCK1 8-A

P23/STB 5-A

P24/BUSY 8-A

P25/S10/SB0O 10-A

P26/S00/SB1

P27/SCKO

P30/TO0 5-A input/output Input : Connected to Voo or Vss.

P31/TO1 Output : Leave open.

P32/TO2

P33/TI 8-A

P34/Ti2

P35/PCL 5-A

P36/BUZ

P37

P40/ADO to P47/AD? 5-E Input/output Input : Connected to VoD or Vss.
Output : Leave open.

P50/A8 to P57/A15 5-A input/output Input : Connected to VDD or Vss.

P60 to P63 13-B Qutput : Leave open.

P64/RD 5-A

PE5/WR

PE6/WAIT

P67/ASTB

B Luy2?525 0072002 292 WA 13
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NEC 1PD78011B, 78012B, 78013, 78014

Table 3-1 Input/Output Circuit Type of Each Pin (2/2)

Pin Name gf::{?;;z:t 170 Recommended Connection when Not Used
‘RESET 2 Input -_—
XT2 16 —_ Leave open.
AVRer - Connected to Vss.
AVDD Connected to Voo.
AVss Connected to Vss.
IC Connected to Vss directly.
4 B b427525 DO72003 129 M
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NEC uPD78011B, 78012B, 78013, 78014

Fig. 3-1 Pin Input/Output Circuits

Type 2 Type 10-A Voo
pullup b o I
enable P-ch

IN Voo
dar i——D—I pen
IN/OUT
open drain <h
Schmitt-Triggered Input with Hysteresis Characteristic output disable
Type 5-A Voo Type 11
Voo
pullup Do | pullup ‘Do—l ch
enable Pch enable Voo
Veo . data —{ )| [=P<h
data — g S | TPV é T~ —<IN/OUT
output ‘ N-ch
IN/OUT disable Pchy
output ! h Comparator,
disable
A NchT
. ‘j_ Veer (Threshold Voltage)
input
input
enable oo
Type 5-E Voo Type 13-B Voo
[honask -E-
Y] ption) 7
oD Eper o our
oo
output aisSel ——3 >—{[=n<h
data —{">{[=r<h
00
IN/OUT
output -ch popy o
disable RD —l P<ch
Middle-High Voltage input Buffer
Type 8-A Voo Type 16
feedback
puliup D” I cut-off
enable P-eh
Voo Pch
d —'W\/—]'T-l
ata —{o—{[=P<h
IN/OUT ] D |
output -ch
disable
o b
o@ XT1 XT2
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NEC uPD78011B, 78012B, 78013, 78014

4. MEMORY SPACE

The memory map of uPD78011B8/78012B/78013/78014 is shown in Fig 4-1.

Fig.4-1 Memory Map

FFFFH

FFOOH
FEFFH

FEEOH f
FEDFH

mmmmH nnnnH
mmmmH-1
Use Prohibited = Program Area -~
FAEOH )
Data FADFH 1000H
:""::” FACOH ; > : OFFFH
pe FABFH == CALLFEntry Ares =
Use Prohibited
se Prohibi 0B0H
FASOH O7FFH
FATFH - =
-_ Program Area -
Program _|
Memory == External Memory = 0080H
007FH
Space
nnnnH+1 i CALLT Table Area
nnnnH ’ ;
0040H
- 003FH
Vector Table Area
1 Y ooooH 0000H

Remarks Shaded area indicates internal memory.

* Intermal ROM and internal high-speed RAM capacities vary depending on the product (see the table

below).
internal High-Speed RAM

Product Name intenal ROM End Address StortAddress

nnnnH

mmmmH

uPD78011B 1FFFH FDOOH
uPD780128B 3FFFH
uPD78013 SFFFH FBOOH
©PD78014 TFFFH

16 B Lu4P?525 0072005 TTL WA
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5 PERIPHERAL HARDWARE FUNCTION FEATURES

5.1 PORTS
The /O port has the following three types

< CMOS input (P00, P04) T2
« CMOS input/output (P01 to P03, port 1 to port 5, P64 to P67) . 47
* N-ch open-drain input/output{15V withstand voltage) (P60 to P63) : 4

Total : 53

Table 5-1 Functions of Ports

Port Name Pin Name Function
Port 0 P00, PO4 Dedicated Input port
P01 to PO3 Input/output ports. input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Port 1 P10 to P17 Input/output ports. input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Port 2 P20 to P27 Input/output ports. input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Port 3 P30 to P37 input/output ports. Input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Port 4 P40 to P47 input/output ports. input/output can be specified in B-bit units.

When used as an input port, pull-up resistor can be used by software.

Test input flag (KRIF) is set to 1 by failling edge detection.
Pont 5 P50 to P57 input/output ports. input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.

LED can be driven directly.
Port 6 P60 to P63 N-ch open-drain input/output port. Input/output can be specified bit-wise.

On-chip pull-up resistor can be specified by mask option.

LED can be driven directly.

P64 to PS7 Input/output ports. Input/output can be specified bit-wise.
When used as an input port, pull-up resistor can be used by software.

Caution When pull-up resistors are not used (specified by mask option), iow-level input leak current increases
with = 200 mA (MAX.) under either of the following conditions.

() When the external device expansion function is used and a low-level is input to the pin.
(2 During the 3-clock period when a read instruction is executed on port 6 (P6) and the port mode register

{(PMB).

B Luy2?525 0072006 933 W 17
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5.2 CLOCK GENERATOR

There are two types of clock generator: main system clock and subsystem clock.

The instruction exection time can be changed.

* 0.4us/0.8us/1.6us/3.2us/6.4us {(Main system clock: at 10.0 MHz operation)
* 122us (Subsystem clock: at 32.768 KHz operation)

Fig. 5-1 Clock Generator Block Diagram

XT1/P04 D—=* gupneysiem |
Clock
XT2 © Osicillator
Prescaler
X1 @i gﬂain i T
ystem
Clock Prescaier
X2 @©-—— Osicillator
I LR RN NS
2 27 2? al
STOP
Standby Wait
Selector Control Control
Circuit Circuit
INTPQ
Sampling Clock

18
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§.3 TIMER/EVENT COUNTER
The following five channels are incorporated in the timer/event counter.

+ 16-bit timer/event counter ¢ 1 channel
» 8-bit timer/event counter : 2 channels
« Watch timer : 1 channel
- Watchdog timer : 1 channel

Table 5-2 Types and Festures of Timer/Event Counter

\ 16-bitc1;i:::;IrEvent ZTJZI;TQ”EWM Watch Timer Watchdog Timer
Type Interval timer 1 channel 2 channeis 1channel 1 channel
Externanal event counter 1 channel 2 channels - -
Functions | Timer output 1 output 2 outputs - -
PWM output 1 output - - -
Pulse width mesurement 1 input -~ - -
Sqare wave output 1 output 2 outputs - -
Interrupt request 2 2 2 1

B L42?525 0072008 700 A
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Fig. 5-2 16-bit Timer/Enent Counter Block Diagram

& Internal Bus S

g

16-Bit Compare o INTTMO

Register Eom_l_\
Ou
Match J c ]' Pulse Put
X Output Control |—(©) TOOP30

Control Circuit
1773 Circuit
22 - 16-Bit Timer
Selector Register (TMO)
w22 -
Edge 1—
TionNTPooo  ©|Detecton LT' : Clesr Selector .]
Circuit
- INTPO
N/
16-Bit Capture
Register (CRO1)
intemal Bus S

Fig. 5-3 8-bit Timer/Enent Counter Block Diagram

g internal Bus S

T - -

8-Bit Compare [_
Register (CR10} 8-Bit Compare ‘ )
U Register (CR20) ‘ [Ouput
MatcH Selector Control ({O) TO2/P32
_ ﬁ Circuit
x/22-$x/210 [:") . ) ! 2
8-Bit Timer | ﬁ
fxf212  ——~fSelector—1 gouister 1 TM1 8B Timer
TI/P33 ©— Clear | 2 [T Register 2 TM2)
/220 | ) o
Selector
22 — Selectort— T
TI2/P34 @ Output
Control "@ TO1/P31
" N/ Circuit
& Internal Bus S
20 B L42?525 0072009 buy? |
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Fig. 5-4 Watch Timer Block Diagram

Selector}—={  5-Bit Counter

I
™

Selector

Fig. 5-5 Watchdog Timer Block Diagram

2* ——
Selector Prescaler *
xT ——]
fw fw fw fw fw
= [F T |F T
.;.. Prescaler
fx fx fx x fx fx I
=\ E || 2w | 2T

Selector
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Control
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}—= Maskable
Interrupt Request

RESET

Circut
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" Non-Maskabie

interrupt Request

Selectorf—— INTWT
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5.4 CLOCK OUTPUT CONTROL CIRCUIT

The clock with the following frequencies can be output for clock output.

» 39.1 kHz/78.1 kHz/156 kH2/313 kH2/625 kHz/1.25 MHz (Main system clock: at 10.0 MHz operation)
+ 32.768 kHz (Subsystem clock: at 32.768 kHz operation)

Fig. 5-6 Ciock Output Control Block Diagram

T

Selector

L

5.5 BUZZER OUTPUT CONTROL CIRCUIT

Synchronization
Circuit

Qutput Control

Circurt

The clock with the following frequencies can be output for buzzer output.

* 2.4 kH2/4.9 kH2/9.8 kHz (Main system clock: at 10.0 MHz operation)

Fig. 5-7 Buzzer Output Control Block Diagram

tW2" —————=] Selector

22

Circuit

Output Control

—"J BuzP3s
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§.6 A/D CONVERTER
The A/D converter has on-chip eight 8-bit resolution channels.
There are the following two method to start A/D conversion.

- Hardware starting
« Software starting

Fig. 5-8 A/D Converter Block Diagram

ies Resistor String
ANIO/P10 @_‘ Sample & Hold Circuit ! :- | O AVeo
———————— ! AVrgr
ANIP11 (Q)—] ! \C | Vohage Comparator | ! [
ANI2/P12 (OF—= —© 1 l’r I :
ANI3P13 (O)—= ' : & '
Selector] 1 ; ! 'Selector, : 1
ANIK/P14 (O —= A I : ) |
ANISP15 (O)—=1 : : '
ANIGP16 (O Succesive Approxmation I X ! AV
ANI7/P17©—-— Register (SAR) l_ _ ’_ L_ _ ss
Faliing "
INTP3P03 ©—=] Edge Conue INTAD
i
LRetector J INTP3
N/
A/D Conversion
Resutt Register (ADCR)

O
g Intemal Bus S
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5.7 SERIAL INTERFACES

There are two on-chip clocked serial interfaces as follows.

- Serial Interface channel 0
« Serial Interface channel 1

Table 5-3 Type and Function of Serial Interface

Function

Serial interface Channel 0

Serial Interface Channel 1

3-wire serial /0 mode

© (MSB/LSB-first switchable)

O (MSB/LSB-first switchable)

/receive function

3-wire serial YO mode with automatic data transmit

O (MSB/LSB-first switchable)

SBI (Serial Bus Interface) mode

O (MSB-first)

2-wire serial /O modeC (MSB-first)

Fig. 5-9 Serial Interface Channel 0 Block Diagram

C Imernal Bus 5
SI0/SBO/P25 @_4.__@_. @
Serial VO Shift Output
Selector Register 0 (SIO0) Latch
SO0/SB1/P26 @_g T :
Busy/Acknowlede
] ~
Selector| Bus Release/Command/ Output Circur
Acknowiedge Detection
'&qﬁ_‘—_— Imerrupt
Request INTCSIO
: Serial Counter Signal
Generator

Serial Clock

l K fof20-f42°
TO2

Selector

Control Circuit

SCKOP27 @—E
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Fig. 5-10 Serial interface Channe! 1 Block Diagram

sn/P20

soipP21
STB/P23

BUSY/P24

SCKP22

internal Bus
Automatic Data Transmit/ :
Receive Address Pointer :> Buffer RAM

(ADTP)

{

o—ip>

Serial VO Shift Register 1 (SIO0) —‘

o<

o—

Handshake
Control
Circunt

Serial Counter Interrupt Request INTCSI1
Signal Generator
[ . fx/2? - fy2°
Serial Clock Control Circuit f=——Selectorf~—— TO2
B Luy2?525 0072014 TOu A
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6. INTERRUPT FUNCTIONS AND TEST FUNCTIONS

6.1 INTERRUPT FUNCTIONS
There are the 14 interrupt functions of 3 different kind as shown below.

» Non-maskable interrupt 01
« Maskable interrupt 12
« Software interrupt 01

Table 6-1 interrupt Source List

Interrupt Source internal | Vector Table Basic™2
Interrupt Type | Default Priority®1 [External Address Configuratin
Name Trigger T
ype
|Non-maskable —_— INTWDT| Watchdog timer overflow {with non- internal 0004H A
maskable interrupt selected)
Maskable 0 INTWDT| Watchdog timer overflow {(with interval B
timer selected)
1 INTPO | Pin input edge detection External 0006H C
2 INTPY 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTCSI0 | Seria!l interface channesl O transfer end internal O00EH B
6 INTCS11| Serial interface channel 1 transfer end 0010H
7 INTTM3 | Reference time interval signal from 0012H
watch timer
8 INTTMO | 18 bit timer/event counter match signal 0014H
generation
9 INTTM1 | 8-bit timer/event counter 1 match signal 0016H
generation
10 INTTM2 | 8-bit timer/event counter 2 match signal 0018H
generation
11 INTAD | A/D converter conversion end 001AH
Software —_ BRK BRK instruction execution Internal 003EH E

* 1. The default pririty is the priority applicable when more than one maskable interrupt is generated. 0 is the
highest priority and 11, the lowaest.
2. Basic configuration types A to E correspond to A to E on the next page.

2 B Ly2?525 0072015 940 W
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(A)

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

Internal Non-Maskable interrupt

g Internal Bus S
Interrupt Priority Control ng‘rm Table
Request Circuit P n;:f .
Standby Release
Signal
(B) Internal Maskable interrupt
S internal Bus s
MK IE PR Isp
o Vector Table
Interrupt F Prionity Control Address
Request Circut | Generator__|
—= Standby Release
Signal
{C) External Maskable Interrupt (INTP0O)
Internal Bus s
Sampling Clock | | External interrupt
Select Register | | Mode Register MK IE PR ISP
{SCS) {(INTMO) ] I
li i} l h - Vector Table
Pri Control
Interrupt Sampiling| Edge " ) Ci:-g;? ntr eddress
Reguest Clock Detector enerator

Il L427?525 0072016 B47 IR

Standby Release

Signal
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Fig. 6-1 Basic interrupt Function Configuration (2/2)

(D) External Maskabie interrupt (Except INTPO)

{ intenal Bus )
7 i S !
External |
Mods Fegister MK IE Pr| | ISP
(INTMO) |
l} . Vector Table
Int I-q"\ Priority Control
Reauest Devoctor I ol Circun Mdgm'gessmm ‘
Standby Release
Signal

(E) Software Interrupt

S Internal Bus S

Interrupt ____________ | Priority Controt Vector Table
Request Circutt Address

Remarks 1. IF :Interrupt request flag
2. IE :linterrupt enable flag

3. ISP :in-service priority flag
4. MK :interrupt mask flag

8. PR :Priority spcification flag

28 M Luce?525 0072017 713 WM
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6.2 TEST FUNCTIONS
There are two test functions as shown in Table 6-2.

Table 6-2 Test Source List

Test Source
Internal/External
Name Trigger
INTWT Watch timer overfiow Internal
INTPT4 Port 4 faliing edge detection External

Fig. 6-2 Test Function Basic Configuration

g internal Bus s
i
MK
T Standby Release
InepsL:t IF Signal
Remarks 1. IF :Testinputflag
2. MK :Test mask flag
Il Lu2?525 0072018 L5T HN 29
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7. EXTERNAL DEVICE EXPANS!ION FUNCTIONS

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 dissipation.

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

« STOP made : The main system clock oscillation is stopped. The whole operation by the main system clock
is stopped, so that the system operates withultra-low power consumption using only the
subsystem clock.

Fig. 8-1 Standby Functions

Main System
Clock Operation

Interrupt :::tLrIctvon
Request Interrupt

Request

STOP Mode
(Main system clock
oscillation stopped)

HALT Mode
{Clock supply to CPU is
stopped, oscillation)

HALT Mode*
(Clock supply to CPU is
stopped, oscillation)

* The power consumption can be reduced by stopping the main system clock. When the CPU is operating on the
subsystem clock, set the MCC to stop the main system clock. The STOP instruction cannot be used.

Caution When the main system clock is stopped and the system is operated by the subsystem clock, the
subsystem clock should be switched again to the main system clock after the oscillation stabilization
time is secured by the program by the program.

9. RESET FUNCTIONS

There are the following two reset methods.

« External reset input by RESET pin.
« Internal reset by watchdog timer runaway time detection.

30 BB L4P7525 0072019 59 WM
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10. INSTRUCTION SET

(1) 8-Bit Instruction
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 [HL+byte]
#byte A r sfr saddr |laddr1é PSW (DE] [HL] |[[HL+B) {Sadder16 1 None
15t Opersnd {HL+C]
A ADD MoV MOV | MOV MOV MOV MOV MOV MOV ROR
ADDC XCH XCH XCH XCH XCH XCH XCH ROL
sus ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SuB Ssus sSuB sus SuB
OR SuBC SuUBC | SuBC SUBC | SUBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP cmP
r MOV | MOV INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
r1 DBNZ
sfr MOV MOV
sadder MoV MOV DBNZ INC
ADD DEC
ADDC
sus
SUBC
AND
OR
XOR
o %14
iadder16 MOV
PSW MOV MOV PUSH
POP
[DE) MOV
[HL) MOV ROR4
ROL4
[HL+byte] MOV
[HL+B)
[HL+C)
X MuULY
C DIiVuw
*  Except r=A
B Luyc2?525 0072020 =202 WA 3
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(2) 16-Bit Instruction
MOVW, XCHW ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand sbyte AX p* strp saddrp laddr16 sP None
1st Operand
AX ADDW MOovw MOovW MOVW MOVW MOVW
' SUBW XCHW
CMPW
] MOVvW MOvwe INCW, DECW
PUSH, POP
sfrp MOVW MOVW
sadderp MOvwW MOVW
ladder16 MOVW
SP MOVW MOVW

® Only when rp=BC, DE, HL.

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

2nd Operand
A.bit sfr.bit saddr.bit PWS.bit [HL].bit Ccy $addr16 None
1st Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SETH
BF CLR1
BTCLR
saddr.bit MOV BT SETY
' BF CLR1
BTCLR
PSW.bit MOV 8T SET1
BF CLR1
BTCLR
[HLL.bit MOV1 BT SETY
BF CLR1
BTCLR
cy MOV1 MOV1 MOV1 MOV MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XORY XOR1
32 B L427525 0072021 14y N
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(4) Call Instruction/Branch Instruction
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand
AX laddr16 taddr1? {addrS) $addr16
1st Operand
Basic instruction BR CALL, BR CALLF CALLT BR, BC, BNC.
B8Z, BNZ
Compound instruction BT, BF, BTCLR,
DBNZ

(5) Other Instruction .
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP

33
B Lu42?7525 0072022 080 MW
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11. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Test Conditions Rating Unit
- Supply voltage Voo -03to+7.0 \"
AVoo -0.3 to Voo + 0.3 v
AVaer ~0.3to Voo « 0.3 v
AVss -0.3t0 + 0.3 \'4
input volitage v P00 to P04, P10 to P17, P20 to P27, P30 toP37 0.3 10 VoD + 0.3 v
P40 toP47, P50 to P57, P64 to P67, X1, X2, XT2
V2 P60 to P67 Open-drain -031to +16 \"
Output voitege Vo =0.3 to Voo + 0.3 v
Analog input ;
voltage VaN P10 to P17 Anaslog input pin AVSS 0.3 to AVREF + 0.3 v
Output 1 pin -10 mA
current high fow P10 to P17, P20 to P27, P30 to P37 total 15 mA
P01 to P03, P40 to P47, P50 to P57, P60 to PE7 total -15 mA
Output . Peak value 30 mA
current low Tein Effective value 15 mA
P40 to P47, PSO to P55 totsl Peak value 100 mA
Effective value 70 mA
oLe P01 to P03, PS6, P57, Pesk value 100 mA
P60 to P67 total Effective value 70 mA
P01 to PO3, Peak value 50 mA
P64 to P67 toral Effectiva value 20 mA
P10 to P17, P20 to P27, P30 to P37] Peak value 50 mA
total Effective value 20 mA
a'::;:tri:t?lre Tom —40to +85 *c
f;,‘,’,';f;wu Tuo 6510 +150 c

* Effective value should be calculated as follows: [Effective value] = [Peak valuel x Yduty

Caution Product quality may suffer if the absolute maximum rating is exceeded for even a single parameter or
even momentarily. That is, the absolute maximuam ratings are rated values at which the product is on
the verge of suffering physicai damage, and therefore the product must be used under conditions which
ensure that the absolute maximum ratings are not exceeded.

34 ’
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Capacitance (Ta=25°C, Voo=Vss=0V)

Parameter Symbol Test Conditions MIN, TYP. MAX. Unit
Input capacitance Civ f=1 MHz Unmeasured pins returmed to 0 V 15 pF
/O capacitance P01 to P03, P10 to P17,

f=1 MHz Unmeasured | P20 to P27, P30 toP37, 15 pF
Cio pins returned to 0 V P40 toP47, P50 to P57,
P64 to P67
P60 to P63 20 pF

Remarks The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.

Main System Clock Oscillation Circuit Characteristics ( Ta = -40 to +85 °C, Voo = 2.7 to 6.0 V)

Recommended

Resonator Circuit Parameter Test Conditions MIN. TYP. MAX. Unit
Ceramic Oscillator Voo = Oscilistor 1
resonastor frequency (fx) *1 voltage range 10 MH;
Oscillation After Voo reaches oscil-
stabilization time 2 lator voltage range MIN. ‘4 ms
Crystal Oscilistor
resonator trequency (fx) *1 ! 8.38 1o MH:
Oscillation Voo=45t060V 10
stabilization time *2 30 ms
External X1 input
clock X1 X2 o 0 *1 1.0 10.0 MHz
X1 input
H#PDT4HCUO4 | highflow level width 425 500 ns
{txn, txi)

* 1. Indicates only oscillation circuit characteristics. Refer to “AC Characteristics” for instruction execution time.
2. Time required to stabilize oscillation after reset or STOP mode release.

Caution 1. When using the main system clock oscillator, wirinin the area enclosed with the dotted line should
be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as possible.

Wiring should not cross other signal lines. )

Wiring should not be placed close to a varying high current.

The potential of the oscillator capacitor groundshould be the same as Vss.
Do not ground wiring to a ground pattern in which a high current flows.
Do not fetch a signal from the oscillator.

2. When the main system clock is stopped and the system is operated by the subsystem clock, the
subsystem clock should be switched again to the main system clock after the oscillation stabilization
time is secured by the program.

B Lye2?525 0072024 953 M 35
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Subsystem Clock Oscillation Circuit Characteristics (Ta = —40 to +85 °C, Voo = 2.7 to 6.0 V)

Resonator gierc‘::zr_:mondcd Parameter Test Conditions MIN. TYP, MAX. Unit
Crystal XT1_XT2 vs+| Osciltator 32 32.768 3s KHz
. resonstor fraquency (hm} *1
1 R2 :
1
1==C3 i Oscillstion Voo=45t060V 1.2 2
T = s
- » stabilization time *2 1
-
ernal XT1 input
Ext I P 32 100 kHz
clock XT1 XT2 frequency (fx) *1
XT1 input
high/low level width 1 15 s
(DM, tm)

* 1. Indicates only oscillation circuit characteristics. Refer to “AC Characteristics” for instruction execution time.
2. Time required to stabilize oscillation after Voo reaches oscillator voitage MIN.

Caution 1.

2.

36

When using the subsystem clock oscillator, wiring in the area enclosed with the dotted line should
be carried out as follows to avoid an adverse effect from wiring capacitance.

Wiring should be as short as possible.

Wiring shouild not cross other signal lines.

Wiring should not be placed close t0 a varying high current.

The potential of the oscillator capacitor ground should be the same as Vss.
Do not ground wiring to a ground pattern in which a high current flows.
Do not fetch a signal from the oscillator.

The subsystem clock oscillation circult is a circult with a low amplification level,more prone to
misoperation due to noise than the main system clock.
Particular care is therefore required with the wiring method when the subsystem clock is used.

M Luye?525 0072025 49T WA
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Recommended Oscillation Circuit Constant

Main system clock: Ceramic resonator (Ta = -40 to +85 °C)

pxPD78011B, 780128

A N .
Manufscture Product Name Frequency ecommended Circuit Constant Oscillator Voltage Range
(MHz)
C1 (pF) C2 (pF) R1 (k02) MIN. (V) MAX. (V)
1 1 1 X . X
Murata Mfg. CSB1000J 00 00 100 6.8 29 6.0
Co.. Ltd. CSBoomxd 1.01t0 1.25 100 100 4.7 27 6.0
CSAx. xxxMK 1.26t0 1.79 100 100 o] 2.7 6.0
CSAx, xxMG 100 100 0 27 6.0
1.80 to 2.44
CSTx. xxMG Built-in Built-in [] 27 6.0
CSAx. xxMG 30 30 [ 2.7 6.0
2.45 10 4.18
CSTx. xxMGW Built-in Built-in 0 2.7 6.0
CSAx. xxMG 30 30 0 2.7 6.0
4.19 to 6.00
CSTx. xxMGW Built-in Built-in 0 2.7 6.0
CSAx. xxMT 30 30 0 29 6.0
6.01 t0 10.0
CSTx. xxMTW Built-in Built-in 0 2.9 6.0
Kyocera KBR-4.19MWS
4.19 - - - 2.7 6.0
KBR-4.19MKS
KBR-4.19MSA
4.19 33 3 - 27 6.0
PBRC4.19A
KBR-10.0M 10.0 33 33 - 28 6.0
KBR-1000F
1.00 100 100 2.2 2.7 6.0
KBR-1000Y

pPD78013, 78014

Recommended Circuit Constant

Oscillator Voltage Range

Frequency (MHz)
Manufacture | Product Name equency C1 (o) C2 (pF) RY (k) MIN_ (V) MAX. (V)
SB1000J 1.00 1 100 6.8 .7 X
Mursta Mfg. c 00 2 6.0
Co., Ltd. CSBxxxxJ) 1.01t0 1.25 100 100 4.7 27 6.0
CSAXx. xxxMK 1.26 to 1.79 100 100 0 2.7 6.0
CSAx. xxMG 100 100 0 2.7 6.0
1.80 to 2.44
CSTx. xxMG Built-in Built-in 0 2.7 6.0
CSAx. xxMG ao 30 /] 27 6.0
2.4510 4.18
CSTx. xxMGW Built-in Built-in 0 2.7 6.0
CSAx. xxMG 30 30 1] 27 6.0
4.19 to 6.00
CSTx. xxMGW Built-in Built-in 0 2.7 6.0
CSAx. xxMT 30 30 0 27 6.0
6.01 to 10.0
CSTx. xxMTW Built-in Built-in 0 2.7 6.0

Remarks xxxx, x. xxx, X. xx indicate frequency. [ b427525 007202L 72L WA
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NEC 4PD78011B, 78012B, 78013, 78014

Subsystem clock: Cristal resonator (Ta = -40 to + 60 °C)

uPD780118B, 78012B
Recommended Oscillator
Frequency ireui
Manufacture Products MH) Circuit Constant Voitage Range
C3 (pF) C4 (pF) R2 (kD) MIN. (V} MAX. (V)

Daishinku | DT-38
{1TAE32 E00, load 32,768 8 8 100 27 6.0

capacitance 6.3 pF)

uPD78013, 78014
Recommended Oscillator
Frequency
Manufacture Product Name iz} Circuit Constant Voltage Range
C3 (pF) C4 {pF) A2 (k) MIN. (V) MAX. (V)

Daishinku DT-38
(1TAB32 £00, load 32.768 12 12 100 2.7 6.0
capacitance 6.3 pF)

a8 BN Lu2?525 0072027 LLZ2 W
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NEC uPD78011B, 78012B, 78013, 78014

DC Characteristics (Ta = -40 to +85 °C, Voo = 2.7 to 6.0 V)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Input voitage P10 to P17, P21, P23, P30 to P32, P35 to P37,
high Vun P40 to P47, P50 to P57, P64 to P67 0.7 veo Voo v
Vmz P00 to P03, P20, P22, P24 to P27, P33, P34, RESET 0.8 Voo Voo v
Vo P60 to P63 I Open-drain 0.7 Voo 15 v
Vine X1, X2 : Vo0o-0.5 Voo v
Voo = 451060V Voo-0.5 - Voo v
Vs XT1/P0a, XT2
Voo-0.3 Voo v
input voltage P10 to P17, P21, P23, P30 to P32, P35 10 P37 0
tow Vit P40 to P47, P50 to PS7, P64 to P67 0.3 Voo v
Vuz P00 to P03, P20, P22, P24 to P27, P33, P34, RESET 0 0.2 Voo v
Voo = 4.5t06.0V 0 0.3 Voo v
Vi3 P60 to P63
0 0.2 Voo v
Ve X1, X2 0 0.4 v
Voo = 45t06.0V ] 0.4 v
Vus XT1/P04, XT2
0 0.3 A"
Output voltage v VDo = 4510 6.0 V.IoN = -1 mA - Voo-1.0 v
oMY
high lon = <100 pA Voo-0.5 v
Qutput voitage Voo = 451t06.0V,
low P50 to P57, P60 to P63 IoL = 15 MA 0.4 2.0 \Y
Vour
P01 to P03, P10 to P17, P20 to P27| Voo =4.5t060V,
P30 to P37, P40 to P47, P64 to PE7| o = 1.6 mA 04 v
Voo = 451t06.0V,
Vou SBO, SB1, SCKO open-drain 0.2 Voo v
pulled-up (R = 1K )
Vous low= 400 uA 05 v
input leskage : P00 to P03, P10 to P17,
current high P20 to P27, P30 to P37,
fum Vi = Voo P40 to P47, PSO to PS7, 3 A
P60 to P67 RESET
fumz X1, X2, XT1/P04, XT2 20 uA
[T ] Ve 15V P60 10 P63 80 HA
Input leakage P00 to P03, P10 to P17,
current iow s P20 to P27, P30 to P37, 3
Ly P40 to P47, P50 to P57, - HA
Vin =0V P64 to P67 RESET
hnz X1, X2, XT1/P04, XT2 -20 nA
s P60 o P63 .’ -200 A
Other than above ~3°2 uA

® 1. When memory expansion mode is used by the memory expansion mode register (MM) with no on-chip pull-
up resistor by mask option.
2. When pull-up resistors are not used {specified by mask option), the low-level input leakage current increases
with -200 puA (MAX.) under either of the following conditions.

(@ When the external device expansion function is used and a low level is input to the pin.
(@ During the 3-clock period when a read instruction is executed on port 6 (P6) and the port mode

registor (PMB6).

Remarks The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.

M Lya2v5as DD?EDEB 5T9 WA 39
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NEC

uPD78011B, 780128, 78013, 78014

DC Characteristics (Ta = ~40 to +85 °C, Voo = 2.7 t0 6.0 V)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Outputioskege 1o | voura oo 3 vA
current high
¥ 9 row | voureov -3 A
current low
Mask option pult| g Vin =0V, P60 to P63 20 40 90 k2
up resister
Softwers put- Vv = 0V, PO1 to P03, 45VSVoos6oV 15 o 90 ™
up resister R2 P10 to P17, P20 to P27,
P30 to P37, P40 to P47,
P50 o P57, P60 to P67 27VsVoo<asv 20 500 a
8.38 MHz
P Voo=S5.0Vi10%°3 15 225 mA
ower I:I:DN ooy Crystal oscilistion
current operating mode Voo =30V 4 10% 4 08 2.4 mA
8.38 MHz Voo =S80V 10% 1.4 4.2 mA
fooz Crystal oscillstion
HALT mode Voo 30V 10% $50 1650 A
32.768 kHz Voo = B0V 10% 80 120 pA
looa Crystsl oscillstion
opersting mode Vooa30V:10% 35 70 pA
32.768 kHz VoD eSOV 10% 2% 50 pA
1004 Crystal oscillation
HALT mode Voo= 3.0V 2 0% 5 10 uA
XT1 =0V STOP mode Voo= S50V 10% 1 20 BA
loos When feedback resister
is used Voo =30V 10% 05 1 HA
XT1 =0V STOP mode Voo= 8.0V 10% 0.1 20 sA
Iooe When feedback
resister is unused Voo =30V £ 10% 0.05 10 nA

* 3. Operating in high-speed mode (when set the processor clock control register to 00H).
4. Operating in low-speed mode (when set the processor clock control register to 04H).
5. AVrer current and port current are excluded.

Remarks The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.

40 B L427525 0072029 435 EE
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NEC uPD780118B, 78012B, 78013, 78014

AC Characteristics

{1) Basic Operation (Ta = -40 to +85 °C, Voo = 2.7 to 6.0 V)

Parameter Symbol Test Conditions MIN. TYP. MAX, Unit
Cycle time Operating on main Voo=d 5t0 60V 0.4 64 us
(Min. instruction Tor system clock 0.96 64 s
sxecution time)

Operationg on subsystem clock 40 122 125 >
Ti input n Voo= 45t06.0V 0 4 MHz
frequency 0 275 kHz
Ti input high/ e Voo=45t06.0V 100 ns
low-level width
mL 18 Hs
Interrupt input INTPO 8/fsam*® us
highflow-level
N INTP1 10 INTP3 10 us
width TNTL
KRO to KR? 10 us
RESET low 0
level width msL ! s

* In combination with bits 0 (SCS0) and 1 (SCS1) of sampling clock select register, selection of fiam is possible
between fx/2N*?, fx/64 and fx/128 (when N= 0 to 4).

BN Lu27?525 0072030 157 WA 4
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NEC 4PD78011B, 78012B, 78013, 78014

MPD780118B, 78012B, 78013, 78014 MPD78P014 (Reference)
Tev vs Voo (At main system clock operation) Tcv vs Voo {At main system clock operation)
e e—

60 60 : — ﬂl
g 10 2 10
R - &
” Operation Guaranteed © Operation Guaranteed
E Range E Range
[= [
2 K
[33 o
S 20 S 20

N
[} \
1.0 1.0 =
N = L)

05 05 = -\==f“——

04 0.4 a3

09\: = = = * = = = oa; N N N ==F = ﬂr =

1 2 3 4 5 6 1 2 3 4 5 6
Supply Voltage Voo [V] Supply Voltage Voo [V]
Remarks =-~=----- indicates Ta=—40 to +40 °C
indicates Ta=—40 to +80 °C

Caution The operation guaranteed range of the 4PD78011B, 780128, 78013 and 78014 differs from that of the
uPD78P014.

- B L4y27525 0072031 093 mm
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NEC uPD78011B, 78012B, 78013, 78014

(2} Read/Write Operation (Ta = -40 to +85 °C, Voo = 2.7 to 6.0 V)

Parameter Symbol Test Conditions MIN. MAX, Unit
ASTB high-level width TASTH 0.5tcy ns
Address setup time taos 0.5tcv-30 ns
Address hold time tADH Load resistor 2 5 k2 10 ns
Dats input time from address tADOY {2+2n)tev-50 ns
tADO2 5 {(3+2n)tcv=-100 ns
Data input time from RDL tRODY (1+2n)tcy-25 ns
tRDD2 {2.5+2nitcy-100 ns
Read data hoid time tROH 0 ns
RD low-fevel width oLt (1.5+2n)tcv=20 ns
thoL2 (2.5+2n)tcy-20 ns
WAITL input time from RDL thowTt 0.5tcy ns
tROWT2 1.5tcy ns
WAITL input time from WRL TWRWT 0.5tcy ns
WAIT low-level width wn (0.5+2n)tcy +10 {2+2nitcy ns
Write data setup time twos 100 ns
Write dats hold time tWon S ns
WR low-level width twaLr {2.5+2n)tcy =20 ns
RD! delay time from ASTBL tasTRo 0.5tcv-30 ns
WR. dalay time from ASTB. TASTWR 1.5tcy -30 ns
o s - wa | -
Address h: ime from
ROT in ext:::l fetch troaow e teves0 ne
Write data output time from RDT trowp 10 ns
WFTl delay time from write data Voo=45t060V 0.5tcv-120 0.5ty ns
0.5tcv-170 0.5tcy ns
Address hold time from WRT Voo =4.5to 6.0 V tor tcv+60 ns
TWRADH
tev tev+100 ns
RDT delay time from WAITT twTRo 0.5tcy 2.51cv+80 ns
WRT delay time from WAITT tWTWR 0.5tcy 2.5tcy+80 ns

Remarks 1. tcy =Tcv/4
2. nindicates number of waits.
3. CL= 100 pF (Ct indicates load capacitance of P40/ADO to P47/AD7, P50/A8 to P57/A15, P64/ RD,
P65/WR, P66/WAIT,P67/ASTB pins).

B Lu2?525 0072032 T2T A 43
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NEC

uPD78011B, 78012B, 78013, 78014

{3) Serial Interface (Ta = -40 to +85 °C, Voo = 2.7 t0 6.0 V)

(a) 3-wire serial /0 mode (SCK... internal clock output)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK cycle time Voo = 4.510 6.0V 800 ns
txevs
3200 ns
SCK high/iow-level width o Voo = 4510 6.0V txcv1/2-50 ns
ta txev1/2-150 ns
S setup time {to SCKT) tax1 100 ns
St hold time (from SCKT) txsn 400 ns
S0 output delay time from -
txso1 C = 100 pF® Voo=45t060V 300 ns
scKki
1000 ns
* Cis the load capacitance of SO output line.
(b} 3-wire serial 1/0 mode (SCK... External clock input)
Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK cycle time Voo = 4.51t0 6.0 V 800 ns
txCcY2
3200 ns
SCK high/low-level width iz Voo=45t06.0V 400 ns
g 1600 ns
S| setup time (to SCKT) tsiK2 100 ns
SI hold time (from SCKT) s 400 ns
SO output delay time from c . Voo=45t060V 300 ns
_ txs02 = 100 pF*
Scxd 1000 ns
SCK rise, fall time When externsi device expansion function 180
ns
{When serial interface is used
channel 0 ed
is used) When 16-bit timer
2 output function is 700 ns
2 When external used
device exp.
function is not used | YWhen 16-bit timer
output function is 1000 ns
not used
SCK rise, fall time When external device expansion function 160
n
{When serial interface tR2 is used .
channel 1is used) tF2 When external device expansion function
. 1000 ns
is not used
* Cis the load capacitance of SO output line.
44 B Lyc?525 0C?2033 966 W




NEC uPD780118B, 78012B, 78013, 78014

{c) SBI mode (SCK... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit

SCK cycie time Voo=45t060V 800 ns
txcya

3200 ns

SCK highflow-level width Txns Voo = 45t0 6.0V treyy2-50 ns

o txcva/2-150 ns

SB0, SB1 setup time (to Voo = 45t0 6.0V 100 ns
SOK tsixs

SCKT) 200 s

$80, SB1 hold time {from txsn —— s

SCKT)

SB80, SB1outputdelaytime R=1ikQ2, Voo=45t060V 0 250 ns
from SCKL txsos

" C = 100 pF® 0 1000 ns

SB0, SB1l from SCKT xss txcya ns

SCK! from SBO, SB1l tsox txevs ns

SB0, SB1 high-level width oM txevs ns

SB0, SB1 iow-level width tsse e ns

* R and C are the load resistors and load capacitance of the SBO and SB1 output line.

B Lu27525 0072034 8T2 WA 45
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NEC uPD78011B, 78012B, 78013, 78014

(d) SBI mode (SCK... External clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK cycle time Voo=45to 6.0V 800 ns
txCre
3200 ns
SCK high/low-level width txns Voos 451060V 400 ns
e 1600 ns
SBO, SB1 setup time (to Voo = 4510 6.0V 100 ns
ey’ [
SCcKT) 100 ns
SBO, SB1 hold time (from txsu txevel2 ns
SCKT)
SBO0, SB1output delaytime s R=1kQ, Voo=45t0 6.0V 0 300 ns
—_— 04
from SCK!
C = 100 pF* [} 1000 ns
SBO, SB1l from SCKT txss txeve ns
SCK! from SBO, $B1l tsex =eva ns
SBO. SB1 high-level width e84 t;XCYs ns
S5B0, SB1 low-level width tseL tKcve ns
* SCK rise, fall time When external device expansion function
N 160 ns
is used
* o When 16-bit timer
4
. output function is 700 ns
e When external device 4
pansion function is
* not used When 16-bit timer
outpist function is 1000 ns
not used

* R and C are the load resistors and load capacitance of the SBO and SB1 output line.

(e) 2-wire serial 1/0 mode (SCK... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SCK cycle time trcys Voo =45t06.0V 1600 ns
3800 ns
SCK high-level width tkHS R = 1 kil C = 100 pF* txcys/2-50 ns
SCK low-level width wes ®CYs/2-50 ns
SBO, SB1Y setup time
—_— tSIKs 300 ns
{to SCKT)
SB0. SB1 hoid time
J— SIS 600 ns
(from SCKT)
SBO. SB1 output delay time R=1kQ, Voo = 4.5t0 6.0V 0 250 ns
== 1KSOS
from SCK! C = 100 pF® 0 1000 ns

* Rand C are the load resistors and load capacitance of the SCK0, SB0 and SB1 output line.

46 BB L427525 0072035 739 M
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NEC

uPD78011B, 78012B, 78013, 78014

(f) 2-wire serial /O mode (SCK... External clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX, Unit
SCK cycle time Voo = 4510 6.0V 1600 ns
treve
3800 ns
SCK high-leve! width e 650 ns
SCK low-level width e 800 ns
SB0, S81 setup time -— 100 e
(to SCKT)
$80, $81 hold ime
tecyw/2 ns
{from SCKT) e
$80, SB1 output deley time R=1k3, Voo=45t0 6.0V 0 300 ns
from SCK{ tesoe
C = 100 pF*® o 1000 ns
SCK rise, fall time When extemal device expansion 160 ns
function is used
e When 16-bit timer
When external output function is 700 ns
e device expansion | used
function is not When 16-bit timer
used output function is 1000 ns
not used
* R and C are the load resistors and load capacitance of the SCKO, SBO and SB1 output line.
M Luz2?525 D072036 75 47
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NEC uPD78011B, 78012B, 78013, 78014

(g) 3-wire serial 1/0 mode with automatic transmit/receive function (SCK...Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX. UNIT
SCK cycle time Voo = 4510 6.0V 800 ns
' txcy?
3200 ns
SCK highflow-ievel width tXH? Voo=45t06.0V : txcv/2-50 ns
txL? txcv1/2-150 ns
Sl setup time
{to SCKT) 1517 00 ns
5l hold time
(from SCKT) twsn 400 ns
SO output delay time Voo= 45t0 60V 300 ns
from SCK{ txsor | C= 100 pF*
1000 ns
STBT from SCKT tsso 400 xcv? ns
Strobe signal high-ievel
width tsew txcv?-30 trevr+30 ns
Busy signal setup time
{to busy signal detection
0! 9 tavs 100 ns
timing}
Busy signal hoid time
{from busy signal tavu 100 ns
detection timing) ’
SCKl from busy inactive tses 2tkey? ns
* Cis the load capacitance of the SO output line.
48 BN L427525 0072037 501 WW
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NEC

uPD78011B, 78012B, 78013, 78014

{h) 3-wire serial 1/0O mode with automatic transmit/receive function {SCK...External clock input)

is not used

Psrameter Symbol Test Conditions MIN. TYP. MAX. UNIT
SCK cycle time Voo=45t06.0V 800 ns
3200 ns
SCK higtviow-level width txHs Voo=4.5t0 6.0V 400 ns
s 1600 ns
Sl setup time
— 100
{to SCKT) e ns
S! hold time 00
— ns
tfrom SCKT) v
SO output delay time C = 100 pF* Voo=4.5t0 6.0V 300 ns
from SCK{ txs0e =P
1000 ns
SCK rise, fall time When external device expansion function 160 n
3
tre function is used
s When external device expansion function
1000 ns

# Cis the load capacitance of the SO output line.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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NEC uPD?78011B, 78012B, 78013, 78014

{4} A/D converter characteristics (Ta = —40 to +85 °C, AVoo = Voo = 2.7 to 6.0 V, AVss = Vss = 0 V)

Parsmeter Symbol Test Conditions MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Overall error* 0.6 %
Conversion time tconv 19.1 200 [
Sampling time tSAMP ' 24/x >
Analog input voltage Vian AVss AVaer v
Reference voltage AVrer 23 Avoo v
AVagr current Alngs 0.5 1.5 mA

* Overroll error excluding quantization error (x1/2 LSB). It is indicated as a ratio to the full-scale value.

50 I k42?525 0072039 384 EE
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NEC

uPD780118B, 78012B, 78013, 78014

AC Timing Test Point {Excluding X1, XT1 input)

X

0.8 Voo
0.2 Voo

0.8 Voo
0.2 Voo

:>Test Points <:

X

Clock Timing
i >
jg— . ot
Vopo-0.5V
X1 Input \( 0.4V
1ffxr
[————— DM
XT1 Input \
np! g
T1 Timing
1/fn >

Tio-TI2 \

tnn

| k42?525 0072040 OTE WA

51

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD78011B, 78012B, 78013, 78014

Read/Write Operation

External fetch (No wait):

l 0
AB-A15 X‘ Upper 8-Bit Address
Lower 8-Bit
Address ta—— D01 ——»-
ADO-AD7 JHiz Operatioan
k K Code y.
tADS - . =| -l TADADH
TADH tROOY
lwm

TROAST ———p

ASTB / \: ]L_\

i~ tASTRD —ta— tROLY rg-p>|
tROM
External fetch (Wait insertion):
4
AB-A15 X( Upper 8-Bit Address
Lower 8-8it
Address \: T -
ADO-AD7 [ comcananaadiZ 7[ Operation 3
N )K Code y
tans L =| j————— IRDD} ———————p TRDADH
taDH
< tADAST
X
ASTB / \
K

[@— UASTRD —pwteh——or———— (RO} ————————pn{ P tROH

WAIT
1WTRD
tROWT) ——————> WIL —— (>
52 BN L427525 DO072041 T32 WA
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NEC

uPD78011B, 78012B, 78013, 78014

External data access (No wait):

AB-A15

ADO-AD7

ASTB

AB-A15

ADO-AD7

ASTB

WAIT

X

Upper 8-Bit Address

<

Lower
8-Bit

Address\ “ oo ’
I~ ? Hiz o Hi-z <
" eresowe g Read Data Wirite Data j}"“'"
tans \ | —] taoo2
TADH thoH —p |
tasm
N
SN
\ 4
K {RowD
it tWos ———— {WOM
leg— TASTRD —otat—— (ROL2 ———
twown TWRADH —>
\\_.__J
-t tasTvh >-ra- WAL iy
External data access (Wait insertion):
4 p
) Upper 8-Bit Address 8
N, b
[14
Address ™~
r ] X Hiz
‘ Read Data Wiite Data J}---
taos >
TROH —
tAsTH >
N
_/ X
-~
\ 4
A tWon
e {ROLZ - wos ———o {—
‘RDWE twowr
\ i
N ¥,
TASTWR > tWRL) —————tpr! fag— (WRADH —1
Y
tROWT? twrap — ] H -

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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NEC uPD78011B, 78012B, 78013, 78014

Serial Transfer Timing
3-wire serial I/O m ode:

txevs2
a2 A txir.2 _
B e >l l— tF2
4 X
* SCK \
N Jz \K____
tsmy2 txsnz
Si { Input Data )
3 put £

txsor2

Y
SO x Output Data X

SBI mode (Bus release signal transfer):

SCK

SBO, SB1

SB! Mode (command signal transfer):

- TF4

* SCK '[

! txss tsex

!

SBO, SB1

54 BN Lu27525 0072043 805 W
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NEC uPD78011B, 78012B, 78013, 78014

2-wire serial /O mode:

tre
s / L
tesoss —e-t—fete -
SBO, SB1 :K(r i(

3-wire serial 170 mode with automatic transmit/receive function:

o “w W o X = X X =

D SE GERD X =

tsrs

[
txsor s [ toos e
) ) I

5CK

)]
1"

3-wire serial 1/0 mode with automatic transmit/receive function (busy processing):

— \\ ’ “ “ " ’
SCK 7 8 n 9* '~ 10* ¢ N 10+n® ¢ 1
| S 4 | S \.”.-.’
tsrs
BUSY /

(Active High)

* The signal is not actually driven low here; it is shown as such to indicate the timing.

B L4Y27525 0072044 7?41l EN 55
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NEC uPD78011B, 78012B, 78013, 78014

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 Vooor 2.0 6.0 A
supply voltage
Data retention lovon Voooa = 2.0 V 0.1 10 uA
supply current Subsystem clock stop and feed-back

resister disconnected

Release zignal set time TSAEL ] us
Oascillation twarr Release by RESET 2'%fx ms
stabilization

wait time Release by interrupt . ms

* In combination with bit 0 to bit 2 (OSTS0 to OSTS2) of oscillation stabilization time select register, selection of
2%%fx and 2'%/fx to 2'%/fx is possibie.

Data Retention Timing (STOP Mode Release by RESET)

Internal Reset Operation

]
. HALT Mode
) [
- ()I) STOP Mode > -~ »|<e— Operating Mode
|<@———— Data Retension Mode ———#~
)|
u
Voo ? Voooa
‘-g— USAEL —P
STOP Instruction Execution
JR— 4
RESET f
ra— tTWAIT =

Data Retention Timing (Standby Release Signal : STOP Mode Release by Interrupt Signal)

HALT Mode
)
- (’(‘ STOP Mode ! | Operating Mode
[<¢———— Data Retension Mode ——#
)]
[{
Voo ? Vooor
‘g~ ISREL —#
STOP Instruction Execution
Standby Release Signal 4
{Interrupt Request)
lag—  twall —pe

56 B L4Y27525 0072045 LAS ENE
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Interrupt Input Timing

RESET Input Timing

B Luy27525 0072046 514 W 57
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NEC 1780118, 78012B, 78013, 78014

12. CHARACTERISTIC CURVE (REFERENCE VALUES)

loo vs Voo {(Main System Clock: 8.38 MHz)

(Ta=25°C)
10.0
5.0 PCC=00H
-
-~ ___{pcc=02H
" " PCC=03H
/ EEE=04H
// =3(XOHO \
HALT (X1 Oscillation,
10 A AL A T Oseilation) —
7z 7
D
7 A
05 ,J"//
'/;//
= ///
£ V4
2
§
3
S 0.1
2
8 =1 PCC=BOH
[75]
0.05
< e el HALT (X1 Stop.
/ XT1 Osciliation)
> ] STOP(X1 Stop,
7 XT1 Oscillation)
/
0.01 /{)
4
77
V4
/4 fx=4.19MHz
0.005 4 fx1=32.768kHz
/,
/4
Y 1]
o.oo.o d 2 3 4 5 6 7 8
Supply Voltage Voo [V}
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NEC 1780118B, 78012B, 78013, 78014

oo vs Voo {(Main System Clock: 4.19 MH2z)

100 {Ta=25°C)
5.0 PCC=00H
= PCC=01H
Lo
1 __{pcc-o2+
P 7 PCC=03H
PCC=04H
/ // PEE=30H
A / HALT (X1 Oscillation,
1.0 ,/ - — XT1 Oscillation) -
PV
7| L A
05 ,)/ gy
,/://
£ rd
8
&
3
S o1
8
3 e PCC=B0H
0.05
L T HALT (X1 Stop, ____
XT1 Oscillation)
< — ~~} STOP(X1 Stop,
> / XT1 Oscilation)
0.0% /4
7 7
77
;/
tx=4.19MHz
0.00 4 fx1=32.768kHz
7
0.001 A
0 2 3 4 5 6 7 8

Supply Voltage Voo [V]
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NEC 1i78011B, 780128, 78013, 78014

foo vs fx
(Voo =3V, Ta = 256 °C)
5
/ PCC = 00H
.
- 4 /
2 e
3 //
3 / - PCC = O1H
-
I3 L~
3 2
/ L PCC = 02H
Lo
1 /! e = HALT (X1
/g_é/g,.—{—.—-—-::-——“ Oscillation)
0
o 1+ 2 3 4 S5 6 171 8 98 10 1 12

Clock Oscillator Frequency fx (MHz]

loo vs fx
Moo =5V, Ta=25°C)
12
1
10
° PCC = O0H
— B //
<
E
3 7
® 6 <
S / PCC = O1H
Z 5 v
S /
w
4 = _—PCC=0zH
3 g /‘/ = PCC = 03H
g PCC = 04H
2 / /// T HALT X1
v :///:_—g’:;—- Osciliation)
. |

0 1 2 3 4 5 6 7 g 9 1w 1 12
Clock Oscillator Frequency x [MHz]
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NEC 478011B, 78012B, 78013, 78014

VoL vs loL (Port 0, 2 to 5, P64 to P67)

(Ta=25°C)
Voo=5 V
Voo=6 V| Voo=4 V Voo=3 V
30 /
2 //
2 2 A
pas |
€
o
5
O
S
=
a8 1
0
0 0.5 1.0
Output Voltage Low Vo [V]
Vo vs lov {Port 1)
(Ta=25°C)
30 Voo=6 VVoo=5 V
bo=4 V VD°=3 v
<
_§_ /
3 /
2 2
pa |
€
e
5 /
O
s /
a
8 10
0
4] 0.5 1.0

Output Voltage Low Vo [V]
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NEC 4780118, 78012B, 78013, 78014

Vou vs lou (P60 to P63)

(Ta=25°C)

30 Voo=6 V }DD=5 V Voo=4V
3 / Voo=3 V
2 20 —
2 / /
(=]
-
13
o
5 /
o
5 /
s
=1
(=] 10

/
0
0 0.5 1.0
Output Voitage Low Vou [V]
Vort vs lon (Port O to 5, P64 to P67)
(Ta=25°C)

E 10 Voo=6 V| Voo=d V
3 Voo=6V //V  / Voo=3V
£
=]
I
§
5
O
3
g s
(¢)

0

0 0.5 1.0

Output Voltage High Voo ~ Vo [Vi
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NEC uPD78011B, 78012B, 78013, 78014

13. PACKAGE INFORMATION

DRAWINGS OF MASS-PRODUCTION PRODUCT PACKAGES {1/2)

64 PIN PLASTIC SHRINK DIP (750 mil)

33
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

?
| =
1

A

UUUI..IUUUUUUUUUUUUUUUUUUUUUUUUU
32’
—f

L
1
-
F —
(G I M R
Di$| N @ [c]s
NOTE ITEM MILLIMETERS INCHES
1) Each lead centerline is 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) ltem "K" 0 center of leads when formed parailel. c 1778 (T.P.) 0.070(T.P.
0.004
D 0.50:0.10  0.020+J-394
F 0.9 MIN, 0.035 MIN.
G 3.210.3 0.12640.012
N 0.51 MIN. 0.020 MIN.
1 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 18.06 (T.P.)  0.750 (T.P.)
L 17.0 0.669
0.1 0.004
Mo 0252008 0.010%9:394
N 0.17 0.007
R 0-~15° 0~15°
P84C-70-750A,C-1

Caution Dimensions and materials of ES products are different from those of mass-production products. Refer
to DRAWINGS OF ES PRODUCT PACKAGES (1/2).
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NEC

uPD78011B, 78012B, 78013, 78014

DRAWINGS OF MASS-PRODUCTION PRODUCT PACKAGES (2/2)

64 PIN PLASTIC QFP ((0J14)

8
a8 | 33
) - ‘3 112 ) - =
| e | - o — ] .
=" J = detail of lead end
c—x ==
—= =
—= e -
= o ——]
| e o = = o e -
—rx = d
—== = o b
—=) ! T
s [N} 17—
w 1 -
S
K
l
[- 9
i yaviliishiiimihiniirg -
L
PBAGC-80-ABS-3
NOTE o ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.15
mm (0.006 inch) of its true position (T.P.) at A 17.620.4 0.693:0.016
maximum matenal condition. B 14.020.2 0.551:89%
o 14.020.2 0.551:5.362
D 17.620.4 0.69320.016
E 1.0 0.039
G 1.0 0.039
H 0.3520.10 0.014°3%%
| 0.18 0.006
J 0.8 (T.P} 0.031 (T.P.)
K 1.820.2 0.07120.008
L 0.820.2 0.031:398%
M 0.15°582 0.006:3%3
N 0.10 0.004
P 2.55 0.100
Q 0.120.1 0.00410.004
s 2.85 MAX. 0.112 MAX.

Caution Dimensions and materials of ES products are different from those of mass-production products. Refer

to DRAWINGS OF ES PRODUCT PACKAGES (2/2).
64
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NEC

uPD78011B, 78012B, 78013, 78014

DRAWINGS OF ES PRODUCT PACKAGES (1/2)

64PIN CERAMIC SHRINK DIP {SEAM WELD) (750 mil)

4
J

NOTES

1) Each lead centerline is located within 0.25
mm (0.01 inch) of its true position (T.P.} at
maximum material condition.

2} Item °K® to center of leads when formed
parallel.

0-~-15°

P64D-70-750A1

ITEM| MILLIMETERS INCHES
A 58.16 MAX. 2.290 MAX.
B 1.521 MAX. 0.060 MAX.
c 1.778 (T.P) 0.070 (T.P.)
D 0.4610.05 0.01820.002
F 0.8 MIN. 0.031 MIN.
G 3.520.3 0.13840.012
H 1.02 MIN. 0.040 MIN.
| 3.14 0.124
J 5.08 MAX. 0.200 MAX.
K 19.05 (T.P.) 0.750 (T.P.)
L 18.8 0.740
M 0.25£0.05 0.010:5:8%3
N 0.25 0.01

B Lu27525 0072054 B90 W
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NEC uPD78011B, 78012B, 78013, 78014

DRAWINGS OF ES PRODUCT PACKAGES (2/2)

64 PIN CERAMIC QFP (14 x 14) (FOR ES)

A
B
. Kz 3,
— |
. )
—
—
.+_ (8] [a]
—
| e————
| e—
| — ]
| emene— — |
—l ] | ——
w 1
- ~H-
o
K

n o
(Bottom View) o : = e —w:
[ITEM!  MILLIMETERS | INCHES
A ' 220504 | 0.86620.016 |
e . 1a0 T Tossr |
"= ¢ w0 D ess1
D | 220%04 | 086620016 |
o The s
TS S R s A
Y H L N S . N
j-tv | . J i 08(TP) | 0.031(T.P)
K 402015 | 015788
M . o0z oor
. Q  30MAX. | 0.119MAX.
1 oss ¢ 0022
u 10 | o0
v 12 ooer
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NEC

uPD78011B, 78012B, 78013, 78014

14. RECOMMENDED SOLDERING CONDITIONS

The uPD78011B/78012B/78013/78014 should be soldered and mounted under the conditions recommended in the

table below.

For detail of recommended soldering conditions, refer to the information document “Semiconductor Device
Mounting Technology Manual” (IE-1207).
For soldering methods and conditions other than those recommended below, contact our salespersonnel.

Table 14-1 Surface Mounting Type Soldering Conditions

(1) pPD78011BGC-xxx-AB8: 64-Pin Plastic QFP (CJ 14 mm)
pPD78012BGC-xxx-AB8: 64-Pin Plastic QFP {{J 14 mm)

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

Infrared reflow

Package peak temperature: 235°C, Duration: 30 sec. max. (at 210°C or above),

Number of times: Twice max.

< Points to note >

(1) Start the second reflow after the device temprature by the first reflow returns
to normal.

{2) Flux washing by the water after the first reflow should be avoided.

IR35-00-2

VPS

Package peak temperature: 215°C, Duration: 40 sec. max. {at 200°C or above)

Number of times: Twice max.

< Points to note >

(1) Start the second reflow after the device temprature by the first reflow returns
to normal.

{2) Flux washing by the water after the first reflow should be avoided.

VP15-00-2

Pin part heating

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

(2) uPD78013GC-xxx-AB8 : 64-Pin Plastic QFP ((J 14 mm)
uPD78014GC-xxx-AB8 : 64-Pin Plastic QFP ((J 14 mm)

Soldering Method

Soldering Conditions

Recommended
Condition Symbo!

Infrared reflow

Package peak temperature; 235*C, Duration: 30 sec. max. {at 210°C or above),

Number of times: Twice

< Points to note >

(1) Start the second reflow after the device temprature by the first reflow returns
to normal.

(2) Flux washing by the water after the first reflow should be avoided.

IR35-00-2

VPS

Package peak temperature: 215°C, Duration: 40 sec. max. {at 200°C or above),

Number of times: Twice

< Points to note >

(1) Start the second reflow after the device temprature by the first reflow returns
to normal.

{2) Flux washing by the water after the first reflow should be avoided.

VP15-00-2

Wave soldering

Solder bath temperature: 260°C max. Duration: 10 sec. max.
Number of times: Once
Preliminary heat temperature: 120°C max. (Package surface temperature)

WS60-00-1

Pin part heating

Pin temperature: 300°C max., Duration: 3 sec. max. {per device side)

Caution

M Ly2?525 0072056 463 WM
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Use more than one soldering method should be avoided (except in the case of pin part heating).
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NEC uPD78011B, 78012B, 78013, 78014

Table 14-2 Insertion Type Soldering Conditions

uPD78011BCW-xcx : 64-Pin Plastic Shrink DIP {750 mil)
uPD78012BCW-x0¢ : 64-Pin Plastic Shrink DIP (750 mil)
#PD78013CW-x00¢ : 64-Pin Plastic Shrink DIP (750 mil)
HPD78014CW-00¢ : 64-Pin Plastic Shrink DIP (750 mil)

Soldering Method Soldering Conditions
Wave soidering Solder bath temperature: 260°C max.,
{pin only) Ouration: 10 sec. max.
Pin part heating Pin temperature: 300°C max.,
Durastion: 3 sec. max. {per pin)

Caution Wave soldering is only for the lead part in order that jet solder can not contact with the chip directly.

€8 B LY2?525 NO72057 37T
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NEC uPD780118B, 78012B, 78013, 78014

APPENDIX A. DEVEROPMENT TOOLS

The following development tools are available for system development using the uPD780118B, 78012B, 78013,
78014.

Language Processing Software

RA78K/0°\. 23 78K/0 series common assembler package

CC78K/0"1- 2.3 78K/0 series common C compiler package

DF78014°%.23 #PD78014 subseries device file *
CC78K/0-L°V-23 78K/0 series common C compiler library source file

PROM Writting Tools

PG-1500 PROM programmer
PA-78P014CW Programmer adapter connected to PG-1500
PA-78P014GC

PG-1500 controller®)-2 PG-1500 control program

Debugging Tool

IE-78000-R 78K/0 series common in-circuit emuiator

1E-78000-R-BK 78K/0 series common break board

{E-78014-R-EM uPD78002/78014 subseries evaluation emulation board

EP-78240CW-R Emulation probe common to uPD78244 subseries

EP-78240GC-R

EV-9200GC-64 Socket to be mounted on user system board created for the 64-pin plastic QFP

SD78K/0°" 2 IE-78000-R screen debugger

SM78K/0% 5 ¢ 78K/0 series common system simulator *
DF78014°%.2.4.% #PD78014 subseries device file

Real-Time OS
RX78K/0"% 23 78K/0 series common real-time OS

MX78K/0™). 2.3.8 78K/0 series common OS *

Fuzzy Inference Devieopment Support System

FES000°/FE9200"% Fuzzy knowledge data creation tool
FT9080°/FT9085°2 Translator
FI178K0*Y- 2 Fuzzy inference moduie
FD78K0"'2 Fuzzy inference debugger
* 1. PC-9800 series (MS-DOS™) based
2. IBM PC/AT™ (PC DOS™) based
3. HP9000 series 300™, HP90O0O series 700™ (HP-UX™) based, SPARCstation™, (SunOS™) based, EWS-4800

series (EWS-UX/V) based

B L427525 0072058 23L MW 69
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4. PC-9800 series (MS-DOS + Windows™) based
5. IBM PC/AT (PC DOS + Windows) based
6. Under development

Remarks 1. For development tools manufactured by a third party, see the "78K/0 Series Selection Guide"” (IF-

1185).
* 2. RA78K/0, CC78BK/0, SD78K/0, and SM78K/0 are used in combination with DF78014.

70 M Lu2?525 0072059 172 W
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uPD78011B, 78012B, 78013, 78014

APPENDIX B. RELATED DOCUMENTS

Device Related Documents

Document Name

Document No.

Document No.

(Japanese) (English)
User's Manual IEV-780 IEU-1314
78K/0 Series User's Manual - instruction IEU-849 IEU-1372
Application Note Basic | IEA-715 IEA-1288
Basic I IEA-740 IEA-1299

Floating-Point Arithmetic
Program IEA-718 IEA-1289
Electronic Notebook IEA-744 IEA-1301

Development Tools Documents {User's Man

ual)

Document Name

Document No.

Document No.

(Japaness) (English)

RA78K Series Assembler Package Operation EEU-809 EEU-1399
Language EEU-815 EEU-1404

RA78K Series Structured Assembler Preprocessor EEVL-817 EEU-1402
CC78K Series C Compiler Operation EEU-656 EEU-1280
Language EEU-655 EEU-1284

PG-1500 PROM Programmer EEV-651 EEU-1335
PG-1500 Controlier EEU-704 EEU-1291
|IE-78000-R EEU-810 EEU-1398
IE-78000-R-BK EEU-867 EEU-1427
IE-78014-R-EM EEU-805 EEU-1400
SD78K/0 Screen Debugger Basic EEU-852 EEU-1414
Reference EEU-816 EEU-1413

Caution The contents of the above related documents are subject to change without notice. The latest
documents should be used for design, etc.
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NEC uPD78011B, 78012B, 78013, 78014

Embedded Software Documents (User's Manual)

Document No. Documsnt No.
Document Name (Japanese) (English)
Fuzzy Knowledge Data Creation Tool EEU-829 EEU-1438
-78K/0, 78K/I, 8TAD Series EEU-B62 EEU-1444
Fuzzy Inference Development Support System - Translator
Other Documents
Document No. Document No.
Document Name {Japanese) (English)
Package Manual IEI-635 {E1-1213
Semiconductor Device Mounting Technology Manual IEI-616 1E1-1207
Quality Grade on NEC Semiconductor Devices 1EI1-620 |IE1-1209
Semiconductor Devices Quality Guarantee Guide MEI-603 MEI-1202

Caution The contents of the above related documents are subject to change without notice. The latest
documents should be used for design, etc.
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