DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD78011F, 78012F, 78013F, 78014F, 78015F, 78016F

8-BIT SINGLE-CHIP MICROCONTROLLER

DESCRIPTION

The uPD78011F, 78012F, 78013F, 78014F, 78015F, and 78016F are the products in the yPD78018F subseries within
the 78K/0 series.

Compared with the older uPD78014 subseries, this subseries operates at lower voltage and provides a fuller set of ROM
and RAM variations.

A one-time PROM or EPROM product uPD78P018FNO' capabie of operating in the same power supply voltage range
as of the mask ROM product and other development tools are also provided.

Note Under development

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

work.
uPD78018F, 78018FY Subseries User's Manual: IEU-1397
78K/0 Series Users Manual — Instruction: IEU-1372
FEATURES
« Large on-chip ROM & RAM
ltem Program Data Memary
Memory Iinternai Migh- Internat Buffer RAM Package
Product Name {ROM) Speed RAM  |Expanded RAM
«PD78011F 8K bytes 512 bytes - 32 bytes » 64-pin plastic shrink DIP (750 mil)
uPD78012F 16K bytes « 64-pin plastic QFP {14 »x 14 mm)
uPD78013F 24K bytes 1024 bytes « 64-pin plastic LQFP (12 x 12 mm}
uPD78014F 32K bytes
uPD78015F 40K bytes 512 bytes
uPD7B0t6F 48K bytes

» External memory expansion space : 64K bytes

» [nstruction execution time can be varied from high-speed (0.4 us) tc ultra-low-speed (122 us)
s /O ports: £3 {N-ch open-drain : 4)

« 8-bit resolution A/D converter : 8 channels

» Serial interlace : 2 channels

s Timer : 5 channels

» Supply voltage : Voo = 1.810 55V

Application
Cellular phone, pager, VCR, audio, camera, home appliances, etc

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

Document No. U10280EJ1VODS00 (1st edition)
(Previous No. IP-33098)
Date Published November 1995 P @ NEC Corporation 1994
Printed in Japan
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Part Number

ORDERING INFORMATION

Package

LPD78011FCW-xxx
#PD78011FGC-xxx-AB8
HPO7B011FGK-xxx-8BA8
HPDT78012FCW-xxx

#PD78012FGC-xxx-AB8
#PD78012FGK-xxx-8A8
HPD78013FCW-xxx

uPD78013FGC-xxx-AB8
uPD78013F GK-xxx-8A8
HPD78014F CW-xxx

uPD78014FGC-xxx-AB8
HPD7BO14FGK-xxx-BAB
HPBT78015F CW-xxx

#PD78015FGC-xxx-AB8
HPD78015FGK-xxx-8A8
HPD78016FCW-xxx

#PO78016FGC- xxx-AB8
uPD78016FGK-xxx-8A8

84-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm}
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
84-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mit)
64-pin plastic QFP (14 » 14 mm)
64-pin plastic LQFP (12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm)
64-pin plastic LQFP {12 x 12 mm)
64-pin plastic shrink DIP (750 mil)
64-pin plastic QFP (14 x 14 mm}
64-pin plastic LQFP {12 x 12 mm)
64-pin plastic shrink DIP (750 mit)
64-pin plastic QFF (14 x 14 mm)
64-pin plastic LQFP (12 x 12 mm)

Remark xxx indicates ROM code No.

DEVELOPMENT OF 78K/0 SERIES PRODUCT

[ Maroronen

' Under development

-t
Y subseries supports 12C bus.

For control
100 pins WPD78076 J nPD78076Y / Qfdﬁcpkg; ;(; gi{ner to and improvement of extarnat interface function
100 pins ;' uPD78070AS 1PD78070AY:  ROM-fess model of 4 PD78078
sopins / pPD78054 Y POTE054Y Addition of UART and D/A 1o and improvemant of /O of uPD78014
64 pi Low-voltage (1.8 V) model of 1 PD78014 with many variations of
pins ROMs and RAMs
64 pins Addition of A/D and 16-bit imer to #PD78002
64 pins Addition of A/D to uPD78002
64 pins Basic subseries for control applications

For FIP®driving

Internat UART and low-voltage operation (1.8 V)

- The 1/O and FIP C/D of the uPD78044 have been enhanced.
loopins  /uPD780208 Total indication output pins. 53
780} | | 80 pins PI750447 A B-bit U/D counter has beén added to the xPD78024.
series 64 pi Total indication output Fpin;:_ 34 o
|64 pins »PD78024 Basic subseries for FIF driving. Total indication output pins: 26
For LCD drive
|- 100pins  /uPD78064 J/ uPD78064Y / Subseries for LCD driving. These products include an UART.
IEBus™ support
-~ 80 pins uPD78098 An IEBus controller has been added to the y PD78054.
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The table below shows the main differences between subseries.

T Functions | aom Timer 8-bit | 8-bit Serial o 'XS: External
Subseries \\\ Capacity a-bit | 16-bit |Watch| wOT AD | DiA Interface Value Expansion
For Control | uPD78078 |32 k-60 K | den | 1oh | ton | 1en [ st | 2en |3ohuaRT:1eny | 88 | 18V o

1PD78070A | — 81 | 27V
uPD78054 |16 K-60 K | 2ch 63 | 20V
4PD78018F |8 K-48 K — |ach 53 | 18V
4PD78014 |8 K32 K 27V
4PD780001 |8 K — | — 1ch 39 .
LPD78002 |BK-16 K 1ch - 53 | [s)
4PD78083 |8 K-16 K — 8ch 1ch (UART: 1ch) | 33 | 18V .
For FIP 4PD780208 |32 K-60 K | 2ch | tch | tch | 1ch | Beh | — |2ch 74 | 27V .
drive 4PD78044A |16 K-40 K 68
1PD78024 |24 K32 K (54 |
ForLCD | 4PD78064 |16K-32K | 2ch | tch | tch | tch | Bch | — |2ch (UART: 1chy | 57 | 20V —
drive
IEBUS uPD78098 |32 K-60 K | 2ch | fch | fch | fch | Bch | 2ch |3ch (UART: 1ch) | 68 | 2.7V [9)
Support
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OVERVIEW OF FUNCTION (1/2)

Item
uPD78011F HPD78012F uPD78013F HPDTBO14F uPO78015F uPD78016F

Product Name

I'ROoM 8K bytes 16K bytes 24K bytes 32K bytes 40K bytes 48K bytes

Internal high- 512 byt 1024 b
Internal speed RAM vies ytes
memory  ° Internat

; — 12

. expanded RAM §12 bytes

! Butfer RAM 32 bytes
Memory space 64K bytes

General-purpose registers

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

Instruction cycie

On-chip instruction execution time cycle modification function

When main system
tlock seiected

0.4 us/0.8 us/1.6 us/3.2 usi6.4 ps (at 10.0 MHz operation)

When subsystem
clock selected

122 us (at 32.768 kHz operation)

Instruction set

» 16-bit operation

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

170 ports

Total 153
* CMOS input : 2
» CMOS 110 47
+ N-channel open-drain /O

(15 V withstand voitage) : 4

A/D converter

* 8-bit resolution x 8 channels
» Operable over a wide power supply voltage range: Voo = 181055 V

Serial interface

+ 3-wire/SB1/2-wire mode selectable: 1 channel
« 3-wire mode (on-chip max. 32 bytes automatic data transmit/receive function): 1 channel

Timer » 16-bit imer/event counter : 1 channel
« 8-bit timer/event counter  : 2 channels
» Watch timer : 1 channe!
+ Watchdog timer : 1 channel
Timer outpuf 3 (14-bit PWM output x 1)
Clock outpul 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 kiHz operation)

Buzzer output

2.4 kHz, 4.9 kHz, 9.8 kHz {at main system clock 10.0 MHz operation)

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

552



NEC uPD78011F, 78012F, 78013F, 78014F, 78015F, 78016F

OVERVIEW OF FUNCTION (2/2)

tem
P 11F D7 PD78013F PD7

Product Name HPD780 uPD78012F | pPD78013 uPD78014F | uPD78015F | uPD78016F
Test input internat © 1

External : 1
Supply voltage Voo=1Bto 55V
Operating ambient .

Ta = -40 10 +85°C
temperature
Package * 64-pin plastic shrink DIP (750 mit)

« 64-pin plastic QFP (14 x 14 mm)

* B4-pin plastic LQFP (12 x 12 mm)
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1. PiIN CONFIGURATION (Top View)

+ 64-Pin Plastic Shrink DIP (750 mil)
uPD78011FCW-xxx, 78012FCW-xxx, 78013FCW-xxx,
#PD78014FCW-xxx, 78015FCW-xxx, 78016FCW-xxx

P2O/SIT . =e] 1 ~ 64 [« - AVeer
P21/S0O1 = = 2 63 S AV
P22/SCK1 : ==l 3 62 [e-e © P17/ANI7
P23/STB = ol 4 61 [=-="  P16/ANIE
P24/BUSY . »l 5 80 |u = P15/ANIS
P25/SI0/SB0 o~ = 6 59 [~ = . P14/ANI4
P26/SO0/SB1 = »f 7 58 |e = Pt3/ANI3
P27/SCKO =~ = 8 57 |=-» P12/ANI2
P30/TO0 = el 9 56 |« =  P11/ANI1
P3UTOL =m0 55 f= = PI0/ANIO
P32/TO2 - | 11 54 AVss
P33T = 12 53 |« PO4/XT1
P34/TI2 = »f 13 52 XT2
P3SPCL = = 14 51 BT
Pa6/BUZ - = » 15 50 |= X1
P37 | =~ =l 18 a9 | X2
Vss 17 48 + Voo
P40/ADO - == 18 47 |« =  PO3/INTP3
P41/AD1 = »| 19 46 |« = . PO2/ANTP2
P42/AD2 T = = 20 45 |=-»= » POVINTP1
PA3/AD3 ¢ - =] 21 44 |- POOANTPO/TIO
P44/ADA ¢ = w22 43 | RESET
P45/ADS = = 23 42 |« = P67/ASTB
P46/ADE = el 24 41 |« = PE6/WAIT
P47/AD7 |~ - 25 40 |« -»  PB5/WR
p50/as = | 26 39 |-+ PB4/RD
P51/A9 = o 27 38 | = - P63
P52/A10 = = 28 37 fe = . PB2
P53/At1 - = 29 36 |« = P61
P54/A12 = = 30 35 e = - P60
PSS5IAIG - = = 31 34 |- =  P57/A15
Vs 32 33 | =  P5é/Ata

Cautions 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.
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* 64-Pin Plastic QFP (14 x 14 mm)
uPD78011FGC-xxx-AB8, 78012FGC-xxx-AB8, 78013FGC-xxx-ABS,
4PD78014FGC-xxx-ABB, 78015FGC-xxx-AB8, 78016FGC-x~xx-ABS
* 64-Pin Plastic LQFP {12 x 12 mm)
#PD78011FGK-xxx-8A8, 78012FGK-xxx-8AB, 78013FG K-xxx-8A8,
HPD78014FGK-xxx-8A8, 78015FGK-xxx-8AB, 78016FGK-xxx-8A8
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PEYYYYY [Py
' ! ! P4
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b ] H
(B IR Y ov oy i l ' vy
64 63 62 61 60 59 58 55 §4 53 52 51 S0 49
P30/T00 (e 1 48 fe——>(3 P11/ANI
P31/T01 (et 2 O 47 P10/ANID
P32/T02 (e——n] 3 46 AVss
P3aTy (sl a 45 PO4/XTY
P32 (Je——w 5 44 XT2
P3spCL (Je——» 6 a3 Ic
P3emUZ (re——wl 7 42 X1
par (s 8 41 X2
vss O——1 9 40 |—— Voo
P40/AD0 (e——>] 10 39 [e-——+=() POIINTP3
Pa1/AD1 (Ore——e] 11 38 [¢-—-»{) P0O2/INTP2
P4z/aD2 (el 12 37 (e = POV/INTPY
Pa3/aDd (e——» 13 36 [¢——{3 POOANTPO/TIO
Paa/aps (re——-of 14 35 |-~ RESET
P45/ADS (}@wv] 34 [e-—»{) P67/ASTB
PAG/ADE (e 33 fe-——) PeEWAIT
19 20 21 24 25 26 27 28 29 31 32
[}

]
ey
»f

e
~
L

¢

Pa7/AD7 (e 3@ @
PSs/A13
P56/A14
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P62
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O
C
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Ore— B
N
e ——
e -
R
O
o
(yt——ol
P63 (De—n 8
/;%4* -
]

P51/A9
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Cautions 1. Always connect the IC {Internally Connected) pin to Vss directly.
2. Always connect the AVoo pin to Vpoo.
3. Always connect the AVss pin to Vss.
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P00 to P04
P10 to P17
P20 1o P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67

TIO to T12
TOO to TO2
B0, SB1
S0, St
$00, SOt
5CKo, SCK1
PCL

BUZ

STB

556

. Port 0
: Port 1
: Port2
: Port3
: Port4
: Port b
. Port§
INTPO to INTP3 :

Interrupt tfrom Peripherals

» Timer input

: Timer Output

: Serial Bus

: Sernial Input

1 Serial Output

1 Serial Clock

. Programmable Clock
1 Buzzer Clock

. Strobe

BUSY

ADO to AD7
A8 to A15
RD

WR

WAIT
ASTB

X1, X2
XT1, XT2
RESET
ANIO to ANI7
AVop

AVss

AVger

. Busy

: Address/Data Bus

: Address Bus

1 Read Strobe

. Write Strobe

: Wait

: Address Strobe

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

. Analog Input

. Analog Power Supply

© Analog Ground

: Analog Reference Voltage
1 Power Supply

© Ground

. Internally Connected
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2. BLOCK DIAGRAM

TOO/P30 =
TIINTPO/POD -

TO1P3T =
TH/P3E ——

TO2/P3I2 =——| a4t TIMER/

TI2/P34 —

M,
WATCHDOG TMERK

N

A
WATCHTIMERK )

SI0/SBO/P25 =~
SO0/SB1/P26 <]
SCKO/P27 =1

SI/P20 =

S01PR1 = |

SCKi/P22 =1
STB/P23 =
BUSY/P24 —]

ANIO/P1Q-
ANI7Z/P17 E/
AVop —-
AVss — =
AVRgp —

- A
A/D CONVERTER

16-bit TIMER/
EVENT COUNTER [~

8bit TIMER/
EVENT COUNTER 1|,

AP,

EVENT COUNTER 2

SERIAL
INTERFACE O[N\—v

N

SERIAL 4MJ>;
INTERFACE 1[N~

N

INTPO/POO- ——~] INTERRUPT
INTP3/P03 ——.] CONTROL —Jﬂ>

BUZ/P36

—_tcLock outeut| A —
PCL/PSS CONTROL -

l

BuzzER OUTPUTK

78K/0
CPU CORE

ROM

{1

RAM

i P
- PORTO
.
o
o PORT1
R
K, pomAt2 K
A n
, porTs K p3o-par
N N—
- A
1 PoRTa [ > P4o-pa7
A
] PorTs
1. A N,
4 ,,J\ PORT6 [ > P60-P67
Y Nt
A, ADO/P4O-
" ADTIP47
~, A8IP50-
. A15/P57
] EXTERNAL ,,
] ACCESs |- AD/P8&4
5 <o WRIPES
| o= - WAIT/P66
| e ASTBIPE7
i e . HESET
e X1
SYSTEM |
CONTROL x2
[ - XT1
—

Remarks 1. internal ROM & RAM capacity varies depending on the product.
2. { )} uPD78P0O18F
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3. PIN FUNCTIONS

3.1 PORT PINS (1/2)

’ Dual-
Pin Name o Function On Reset ¢ . .
Function Pin
P00 lnput [ Port0 Input only input INTPO/TIO
POt inpuy | 5Bt VO port Inputioutput can be specified bit-wise. Input INTP1
G2 output When used as an input port, pull-up resistor can INTP2
be used by software
PO3 INTP3
PQ4Note 1 input tnput only fnput XTt
P10 1to P17 input/ Port 1 Input ANIO to ANI7
output | 8-bit input/output por
Input/output can be specified bit-wise.
When used as an input port, pull-up resistor can be used by
softwarg Note 2
P20 lnput | Port2 input St
P34 output | 8-bit inputfoutput port. 501
input/output can be specified bit-wise. —~———
P22 When used as an input port, puli-up resistor can be used by SCK1
P23 software. sTB
P24 BUSY
P25 $10/SB0
P26 S00/SB1
P27 SCKO
P30 input/ | Port 3 Input TOO
P31 output | B-bit input/output port. TO1
Inputoutput can be specified in 1-bit units,
P32 When used as an input port, pull-up resistor can be used by TO2
P33 software. ™
P34 T2
P35 PCL
P36 BUZ
P37 —
P40 to P47 Input/ | Port 4 fnput ADO to AD7
output | 8-bit input/output port.
Input/autput 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.

Notes 1. When using the PO4/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, puil-up resistor is automati-
cally unused.
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3.1 PORT PINS (2/2)

Pin Name [Tls} Function On Reset Dua"_ _
Function Pin
P50 to P57 | Input/ Port 5 Input AB to A15
output 8-bit input/output port.

LED can be driven directly.

input/output can be specified bit-wise.

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

software.
Peo Input/ Port & N-ch apen-drain input/output port, Input
P61 output | 8-bit input/output port. On-chip pull-up resistor can be
P62 Inputioutput can be specified | spacified by mask option.

bit-wise. LED can be driven diractly.
P63
P64 ﬁB

When used as an input port, pufi-up
P65 resistor can be used by software. WR
P66 WAIT
P67 ASTB
3.2 OTHER PORTS (1/2)
-
Pin Name (] Function On Aeset Pual X X
Function Pin

INTPO Input | Extemal interrupt input by which the effective edge (rising edge, Input Poe/TIo
INTP1 talling edge, or both rising edge and falling edge) can be specified. PO1
INTP2 Po2
INTP3 Falling edge detection external imterrupt input. P03
Sio input Serial interface serial data input. Input P25/SB0
S P20
SO0 Output | Serial interface serial data output. input P26/S81
S01 P21
580 Input Serial interface serial data input/output, input P25/8I0
SB1 foutput P26/S00
S5CKO0 Input Sernial interface seriat clock input/output. input P27
scK foutput pa2
STB Output | Serial interface automatic transmit/receive strobe output. Input P23
BUSY Input Serial interface automatic transmit/receive busy input. Input P24
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3.2 OTHER PORTS (2/2)

Pin Name 10 Function On Reset Funcﬂgil.Pin
TIo tnput External count clock input to 16-bit timer (TMO}. Input POO/INTPO
™ External count clock input to 8-bit timer (TM1) P33
TI2 Externai count clock input to 8-bit timer {(TM2). P34
TOO QOutput 16-bit timer cutput (shared as 14-bit PWM output). input P30
TO1 8-bit timer output. P31
TO2 Paz
PCL Output Clock output (for main system clock, subsystem clock trimming). nput Pas
BUZ Qutput Buzzer output. tnput Pag
ADO to AD7 | Input Low-order address/data bus at external memory expansion. Input P40 to P47

foutput

A8 to A1S Output High-order address bus at external memory expansion. Input P50 to P57
AD Quiput External memory read operation strobe signal output. Input Pé4

WR Externai memory write operation strobe signal output. P65
WAIT tnput Wait insertion at external memory access. input P86

ASTB Qutput Strobe output which latches the address information output at port 4 and Input P&7

port 5 to access external memaory.

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

AVpD e AJD converter analog power supply. Connected to Voo, — —

AVss —-— A/D converter ground potentiat. Connected to Vss. -~ —
RESET input System reset input. — —

X1 Input Main system clock oscillation crystal connection. - -

X2 — — —

XT1 Input Subsystem clock oscillation crystal connection. Input P0O4

XT2 — — —

Vot — Positive power supply. -~ -

Vss — Ground potential. — —

1C — internal connection. Connected to Vss directly. — —
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3.3 PIN VO CIRCUITS AND RECOMMENDED CONNECTION 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, see Figure 3-1.

Table 3-1. Input/Output Circuit Type of Each Pin

Pin Name g?;z;m;tf:; {ie] Recommended Connection when Not Used
POO/INTPO/TIO 2 input Connected to Vss.
PO1/INTP1 8-A Input/output Individually connected to Vss via resistor
PO2/INTP2
PO3/NTP3
PO4/XT1 16 Input Cannected to Voo of Vss.
P10/ANIO to P17/ANI7 11 input/output Individuaily connected to Von or Vssvia resisitor.
P20/511 8-A
P21/S01 5-A
P22/SCK1 8-A
P23/STB 5-A
P24/BUSY 8-A
P25/510/S80 10-A
P26/S00/5B1
P27/SCKO
P33/TO0 5-A
P31/TO1
P32/T02
P33T 8-A
P34/Ti2
P35/PCL 5-A
P36/BUZ
P37
P40/ADO to P47/AD7 5-E Individually connected to Voo via resistor.
P50/AB to P57/A15 5-A Individually connected to Vor or Vss via resistor.
P60 10 P63 13-8 L individually connected to Voo via resistor.
P64/RD 5-A individually connected to Vic or Vau via resistor.
PE5AWR
PE6/WAIT
P67/ASTB |
ES—‘E? 2 Input —
XT2 16 - Leave open.
AVREF — Connected to Vss .
AVoD i Connected to Voo .
AVss [ Connected to Vss .
IC i Connected to Vss directly.
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Figure 3-1. Pin Input/Output Circuits

Type 2 Type 10-A I Voo
pulflup . Y
enable D ” P-ch

IN c»v—fu@omﬂ i Vou .

data - -+ N e pen
.

open drain ¥
. - outpue disable ‘ D - ”"\“f”'
Schmitt-Triggered Input with Hysteresis Characleristic A
Type S-A Voo Type 11 |
oy Voo

3 %
pulup ’"V 15 P-ch puilup D‘ | I ~P-ch
anable | enable Voo

Voo | data I | )
T | L
data g g A 4+ SINJOUT
- "‘-v“D’ 'lE'P ch : output .. . D { I— N-ch
~—t-o N/ QUT disable P- ch .
output _H;%JENCA Comparator .
disable ’; j q
i
PO T Vaer Thveshold Voltage)
input =) - - d .
enable g‘ uéle
Type 5-E I Voo Type 13-B Voo
Mas}t 1,
pullp [ Option: - wrout
V-:),D |‘ outputdisadgllea S D . ”' N-ch
dam 7“/1”: ’:DD—-AI E P.Ch i - Vl")
gk o IN/OUT 1
output = | EN-cn I | ey
disable = © ] AD 11~ p-ch

— ] - <J- -

Middle-High Vollage input Butfer

Type 8-A | Voo Type 16 I

feedback

pup y cut-off
enable Do f=P-cn

V[)n : F’-c:hﬁ

A e Y S — S
gata————r o | [. P-ch = e A * {>
,-rL —o IN/QUT . ) > hi

output L ﬁ > ol : 1
disable —l EN

& L
PO _o@_—% XT1 XT2
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4. MEMORY SPACE
The memory map of the uPD78011F, 78012F, 78013F, 78014F, 78015F and 78016F is shown in Figure 4-1.

Figure 4-1. Memory Map

T FFFFH i’“F'A?FH
X{ Special Function Registers | Use Prohibited
(SFR) 256 x 8 Bits
| FFOOH | FeooH
! | F7FFH
FEFFH| General-Purpose Registers | Internal Expanded RAM ot
i FEEQH 32 x 8 Bits / 512 x 8 Bits
{ FEDFH ! Fﬁ:’”
I = = i F&FFH
) ] External Memory
| Internal High-Spaed RAMNe2 I nnnH + 1
! , el
i L
I mmmmi nnnnH
mmmmH-—-1
: Use Prohibited _~ Program Area =
| FAEQH
Data FADFH 1000H
M Butfer RAM 32 x 8 Bits F
STV EACOH OFFFH
Space FABFH T CALLF Entry Ara ==
J Use Prohibited 0800H
___ FA8OH o O7FFH
1 Fazen . =
| - Program Area -+
Program _] ~L
- External Memory ~ 0080H
Memory
007FH
Space
! b nnnnH+1 CALLT Table Area
i i mnnnk
| 0040H
t = "  FoN :L 003FH
; [~ ntern:
i i ermal Vector Tabie Area
o <+ _ DOGOH e DOGOH

Notes 1. uPD78015F and 78016F only.
2. Interrnal ROM and internal high-speed RAM capacities vary depending on the product (see the table below}.

Internal High-Speed RAM
Product Name | 'Mtenal ROM End Address Start Address

nnnnH mmmmk
uPD78011F 1FFFH FDOOH
PPD78012F 3FFFH
uPD78013F S5FFFH FBOOH
uPD78014F 7FFFH
HPD78015F 9FFFH
uPDTBO16F BFFFH
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5. PERIPHERAL HARDWARE FUNCTION FEATURES

5.1 PORTS
The I/O port has the following three types

« CMOS input (P00, P04} D2
* CMOS inputioutput (P01 to P03, port 1 to port 5, P64 to P67) 1 47
» N-ch open-drain input/output{15V withstand voltage) (P60 to P63) 4

Total 1 83

Table 5-1. Functions of Ports

Port Name Pin Name Function
Port 0 POO, PO4 Dedicated (nput port
P01 to PO3 inpuVoutput ports. input/output can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Port 1 P10to P17 input/output ports. Input/output can be specified bit-wise.

When used as an input port, puli-up resistor can be used by software.
Port 2 P20 10 P27 Input/output ports. Inputoutput can be specified bit-wise.

When used as an input port, pull-up resistor can be used by software.
Pont 3 P30 1o 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 ¢an be specified in 8-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 falling edge detection.

Port 5 P50 to P57 Input/output ports. Input/output can be specified bit-wise.
When used as an input port, puli-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 P67 Input/output ports. Input/output can be specified bit-wise.
When used as an input port, pull-up resistor can be used by software.
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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.

* 0.44s/0.8us/1.6us/3.2us/6.4us (Main system clock: at 10.0 MHz operation)
* 122us (Subsystem clock: at 32.768 KHz operation}

Figure 5-1. Clock Generator Block Diagram

XT1/P04 & Watch Timer
N Subsystem
C|°ckys L g e e e — ,,,{ Clock Qutput
XT2 @& — Osiciliator Function
o - - et Prescaler
X1 e Main o — Clock 1
System X : 3 N ock to
c Qc!il * ‘v - Prescaler ] ’ Peripheral
X2 (- -] Osicillator i : : 7" Hardware
T ; ; H
; H i f_x x fx
2 2 2*
STOP ;
| -]
. -
i i
; ! -] Standby Wait CPU Clock
Selector " Control *= Control [ = ey
i Circuit ! | Gircuit 7
‘ -
i -l
'
INTPQ

Sampling Clock
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5.3 TIMER/EVENT COUNTER
The following five channels are incorporated in the timer/event counter,

* 16-bit timer/event counter . 1 channel
« B-bit timer/event counter : 2 channels
* Watch timer : 1 channel
« Watchdog timer : 1 channet

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

16-bit Timer/Event | 8-bit Timer/Event .
Counter Counter Watch Timer Watchdog Timer

Type Interval timer 1 channel 2 channets 1 channei 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 1 1

Test input - - 1 -

Figure 5-2. 16-bit Timer/Enent Counter Block Diagram

g intemnal Bus S

x,

16-8it Compare ) - INTTMO
Register (CROD) ! vy
T ~ RN
! .1 pwm =
P Puise ; Output .
Match Output - -« Control | <% TOOP3I0
- ’ . ~] Control b Circuit
w2 1 Circutt [
22 " setector | o 16-Bit Timer
R -Seecor Register (TMO)
fw2?
iy gdge oo ' ‘Ct Selector
“Z-{ Detection | * ear -
TIO/INTPO/POO Circutt i
. . . . e ~ INTPO
N 16-Bit Capture
Register (CRO1)

g intemal Bus S

566



NEC 1PD78011F, 78012F, 78013F, 78014F, 78015F, 78016F

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

g intemal Bus S

T
P E, PP e = INTIM1
!

8-Bit Compare D
Ragister (CR20)
gister (( ) Gupt|
tl Selector |9+ Control |-C) TO2P32
[ Circutt
Ff22fxf2 0 P . e INTTM2
w22 :
| _|8-Bit Timer
TiH/P33 | Register 2 (TM2)
Clear
fx/2%-fx/20
22 B i
it s o
2/P34 . e Ot
- | Control {2, TO1/P31
N Z Cirout
g intemai Bus S
Figure 5-4. Watch Timer Block Diagram
- S—— fw
— i
PP Selector}—~1  5-Bit Counter |-
Selector"+ Prescaler - T S INTWT
fxT —— I
fw
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Figure 5-6. Watchdog Timer Block Diagram

]

L INTWDT
O [ N ~ Maskable
Interrupt Request

|
ISR

Control

Selector | -~ 8-Bit Counter [~ o0 |-~ RESET

L]

i
(1

INTWDT
- Non-Maskabie
Interrupt Request

i
i
i
'

5.4 CLOCK OUTPUT CONTROL CIRCUIT
The clock with the following frequencies can be output for clock output.

* 39.1 kHZ/78.1 kH2/156 kHz/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)

Figure 5-6. Clock Output Control Block Diagram

fxf2? e
[ ¥ R——
tw2s e
I Synchronization | Output Control e B

[ ¥ Setector | - - et o G 'O1 PCLP35
2!
fx2d -

fXY . —

5.5 BUZZER OUTPUT CONTROL CIRCUIT
The clock with the following frequencies can be output for buzzer output.

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

Figure 5-7. Buzzer Qutput Control Block Diagram

[ LI
s . QutputControt | &

Y — Selector IR (o BUZP36

/21 R
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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 method to start A/D conversion.

« Hardware starting
« Software starting

Figure 5-8. A/D Converter Block Diagram

Sernes Hesistor String

Sampie & Hold Circuit AV
| ~ o | i T - AVrer
) \O i Voltage Cornparator i
e ; ; i
T Tap
Selector —_— v 'Selactor
ANIS/P15 (D)~ —» ‘ §
ANIB/P1E (T - Succesive Approxmation |_ | ; ' ‘ .
ANI7/P17 Register (SAR) o - T AVss
\ T — ;
, T
. Faling »| Control P - PO R . - INTAD
Edge * Cireuit :
Detector | | ircuil ;
' - i - - =~ INTP3
A/D Conversion
Resull Register (ADCR)

T
L

A

g Intemal Bus ‘S

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 Channe! 0 Serial interface Channel 1
3-wire serial /O mode O (MSB/LSB-first switchable) O (MSB/LSB-first switchable)
3-wire serial /0 mode with automatic data transmit/ - O (MSB/LSB-first switchable)
receive function
SBt (Serial Bus Interface) mode O (MSB-first) -
2-wire serial 1/O mode O (MSB-first) I
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Figure 5-9. Serial Interface Channei 0 Block Diagram

g Intermai Bus —S

g

SIO/SBO/P2S (5)—9- {D . N
| . Seriat O Shift .} ouput
3

ke Ragister 0 (SI00) Latch
T '

- B 5 :
- : G | Busy/Acknowiede
QOutput Circuit

|
!
13
i
N
Selector] ¢--i- ~ Bus HeleaselCcmmgnd/

SOU/SBI/P2E (3t—e ]

) q i P Acknowledge Detection |-
| Circult i Interrupt

Fotnn, 5 N N gﬁ:‘:{s‘ = INTCSIO
SCKO/P27 (5 * e ‘f ] rial Ciock Counter -~~~ ator

| A i Sy

| e | sermcow o

\ ! e . - b TO2

L < e Controt Circutt '

| —

Figure 5-10. Serial Interface Channel 1 Block Diagram

g internal Bus S

b 7 o
i e D
Automatic Data Transmit/ | . i
Receive Address Poimter | Buffer RAM i
(ADTP)
SH/P20 »~<D e Serial 1O Shit Rogstr 1 (S100)
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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 B |
* Mashable interrupt : 12
* Software interrupt o1

Table 6-1. Interrupt Source List

Default Interrupt Source Internal/ | Vector Table Basic
interrupt Type Priority Note 1 | External Address Configuratin
Name Trigger Type Note 2
Non-maskable —_ INTWDT | Watchdog timer overflow (with watchdog internal 0004H (A)
timer mode 1 selected)
Maskable Q INTWDT | Watchdog timer ovarflow (with interval (8)
timer mode selected)
1 INTPO | Pin input edge detection External 0006H (C)
2 INTP1 0008H (D)
3 INTP2 000AH
4 INTP3 000CH
S INTCSI0 | Serial interface channet 0 transfer end Intarnat 000EH {B)
6 INTCSI1 | Serial interface channei 1 transfer and 0010H
7 INTTM3 | Reference time interval signal from 0012H
watch timer
8 INTTMO | 16 bit timer/event countar match signal 0014H
generation
9 INTTM1 | 8-bit timer/event counter 1 match signat 0016H
generation
10 INTTM2 | 8-bit timer/event counter 2 match signal 0018H
generation
11 INTAD | A/D converter conversion end O01AH
Sottware — BRK BRK instruction execution internal O03EH (E)

Notes 1. The detault pririty is the priority applicable when more than one maskable interrupt is generated. 0 is the highest
priority and 11, the lowest.
2. Basic configuration types (A) to (E) correspond to (A) to (E) on the next page.
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Figure 6-1. Basic Interrupt Function Configuration (1/2)

{A} Internal Non-Maskable interrupt

g Intenal Bus >

4
|

|
fnterrupt ) Priority Controf] _____ | Vector Table
Request 1 7] Circuit Address
Generator
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Signai

{B) Internal Maskable interrupt

S‘ intemal Bus 5
!

[ 'RRN ] i
L Vector Table
= Priority Control|
Interrupt l )—?— e Address
Request — ‘ Circuit Generalor
i
b
b — Standby Release
Signal
(C) External Maskable interrupt (INTPO)
g Intemal Bus S
— o | ? i
Sampling Ciock| | Extemal interrupt
Selegt‘ﬁegisier Mode Register | ﬂ
SCS) (NTMD) | : |
T | — |
Ve i L —, Ve
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Figure 6-1, Basic Interrupt Function Configuration (2/2)

(D) External Maskable Interrupt (Except INTPO)

g internal Bus S
i 0 i T
A
External interrupt
Mode Registor E
(INTMO) -

$ 11t

~ o Vector Table
Interrupt B | Eoge | i (DR g‘r‘c’:f{ Contra Address
Request Detector ner

. Standby Release
Signal

(E) Software Interrupt

g Intemal Bus S

e e

- Vector Table
Interrupt ____ | Priority Contral]
Request | Circuit - Ad?";zs .

iF  :Interrupt request flag
IE : Interrupt enable flag
ISP : In-service priority flag
MK : Interrupt mask flag
PR Priority spcification flag
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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 falling edge detection External

Figure 6-2. Test Function Basic Configuration

S internal Bus 5

0]
A

i
|
| ‘

‘ - .. » Standby Aelease
t
e L

Input

i
|
|
i

tF : Test input flag
MK : Test mask flag
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7. EXTERNAL DEVICE EXPANSION FUNCTIONS
The external device expansion function is used to connect externai devices to areas other than the internai ROM, RAM

and SFR.
Ports 4 to & are used for connection with external devices.

8. STANDBY FUNCTIONS
There are the foliowing two standby functions to reduce the current dissipation.

*HALT mode : The CPU operatingclockis stopped. The average consumption current can be reduced by intermittent
operation in combination with the normal operat ing 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 withuitra-low power consumption using only the subsystem
clock.

Figure 8-1. Standby Functions

Subsystem Clock
Operation®***

lock Operation T

@m\ C88=1
c

CS88=0
STOP HALT HALT
irtemupt Instniction Instruction Instruction
Requaest interrupt Interrupt
Request Request
—
STOP Mode HALT Mode HALT Modg'e

(Main system clock
oscillation stopped)

{Ctock supply to CPU is
stopped, oscillation)

(Clock supply to CPU is
stopped, oscillation}

Note The power consumption can be reduced by stopping the main system clock. When the CPU is operating on the
subsystern clock, set the MCC to stop the main system clack. The STOP instruction cannot be usecl.

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 osciliation 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.
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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 {Hi+byte)
oo | #byte A r Note sir saddr |laddri8| PSW [DE] [HL] | [HL+B] {$adder1s 1 None
151 Operand‘\ [HL+C}
A ADD MOV | MOV | MOV MOV | MOV MOV | MOV | MOV ROR
ADDC XCH [ XCH | XCH XCH XCH | XCH XCH ROL
sue ADD ADD ADD ADD ADD RORC
suBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND SuB suB suB sSuB SuB
OR SuBC SUBC | SUBC SUBC | SUBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
C™MP CMP CcMmP cmpP cmpP
t MOV | MOV INC
ADD DEC
ADDC
SuB
SuBC
AND
OR
XOR
CMP
r1 DBNZ
sir MOV | MOV
sadder MOV | MOV DBNZ INC
ADD DEC
ADDC
suB
SUBC
AND
OR
XOR
CMP
ladder16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
{HL] MoV AOR4
ROLA
[HL+byte] MOV
[HL+B]
[HL+C)
X MULY
C DIvuw

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

\m #byte AX rp Note saddrp taddr16 spP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOV et INCW, DECWM
PUSH, POP
sfrp MOvwW MOVW
sadderp MOVW MOVW
ladder16 MOVW
SP MOVW MOVW
Note Only when rp=8C, DE, HL.
(3) Bit Manipulation Instruction
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
\2nd Operand |
S A bit sfr.bit saddr.bit PWS bit [HL].bit cY $addr16 None
1st Operand™,
A bit MOV1 BT SET1
BF CLRY
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SETY
BF CLR1
BTCLR
PSW.bit MOV1 BT SETH
BF CLR1
BTCLR
[HL] bit MOV1 BT SET1
; BF CLR1
} BTCLR
cy MOV MOV MOV MOV MOV1 SETY
AND1 AND1 AND1 AND1 AND1 CLR1
[ol2)] OR1 ORt OR1 OR1 NOTH
XORt XOR1 XOR1 XOR1 XOR1
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{4) Call Instruction/Branch Instruction
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

. 2nd Operand
R s AX laddr16 faddri1 {addr5] $addri16
15t Operand ™\
Basic instruction BR CALL, BR CALLF CALLT BR, BC, BNC
8Z, BNZ
Compound instruction B8T,BF BTCLR;
DBNZ

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

Absalute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Test Conditions Rating Unit
Supply voltage Voo ~0310+7.0 v
AVop -0.3 1o Voo + 0.3 v
AVaer -0.3 to Voo + 0.3 v
AVss ~0.310+ 0.3 v
input voltage Vi P00 to P04, P10 to P17, P20 to P27, P30 to P37 0310 Vop + 0.3 v
P40 toP47, P50 to P57, PB4 1o P67, X1, X2, XT2|
Vi P60 to P67 Open-drain -0.31t0 +16
Output voltage Vo -0.3to Voo + 0.3
Anaiog input Van P10 10 P17 Analog input pin AVss ~0.3 to AVeer + 0.3 v
voltage
Qutput 1 pin -10 mA
current high low P10 to P17. P20 to P27, P30 to P37 total -15 mA
P01 1o P03, P40 1o P47, P50 to P57, PBO to PE7 total -1 mA
Qutput ) Peak value 30 mA
current low 1 pin s 15 mA
P40 to P47, P50 to P55 total Peak value 100 mA
™ms 70 mA
P01 to PO3, P56, P57, Peak value 100 mA
foutore P60 to P67 total rms 70 mA
PO1 to PQ3, Peak valua 50 mA
P64 to P67 fotal ms 20 mA
P10 1o P17, P20 to P27, P30 to P37| Peak value 50 mA
total ms 20 mA
rating ambient
::p::ure Ta -40 to +85 °C
f;:"::;we Tao -65 10 +150 c

Note rms should be calculated as foltows: [rms] = {peak vatue] x Vduty

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 vaiues at which the product is on
the verge of suffering physicat damage, and therefore the product must be used under conditions which
ensure that the absolute maximum ratings are not exceeded.
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Capacitance ( Ta=25°C, Voo = Vss =0V )

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
input capacitance Cin { = 1 MHz Unmeasured pins retumed to 0 V 15 pF
1/O capacitance P01 to P03, P10 to P17,

=1 MHz Unmeasured| P20 to P27, P30 toP37, 15 pF
Cio pins returned to O V | P40 toP47, P50 to P57,
Pé4 to P67
P60 to P63 20 pF

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

Main System Clock Oscillation Circuit Characteristics { Ta = —40to +85 °C, Voo = 1.8t0 5.5 V)

R
Resonator Cﬁggir!nmended Parameter Test Conditions MIN. TYP. MAX. Unit
Ceramic 27V<Vos 55V 1 10
resonator X1 X2 Vey :)scﬂlator f) Note 1 Mhz
U e |frequency (h) 1BYSVoo <27V 1 5
+ ER
r‘-,-(:’y’;CZi Oscillation After Voo reaches oscil- ms
“mdt | stabilization time Note 2 | fator voitage range MIN. 4
Crystal i 27V <Voog55V 1 10
resonator XL_X2 Vs 2:;2:,::; (1x) Note 1 - MHz
o 1.8V<Veo=27V 1 5
Db
i +
C1 =c2), | Oscillation Voo =4.5105.5V 10
LT j; stabilization time Note 2 ms
30
External X1 input
clock l X1 X2 | frequency (fx) Note 1 1.0 10.0 MHz
.|
X1 input
#PD74HGUO4 [ high/low level width 45 500 ns
¢ (e, txe)

Notes 1. Indicates only oscifiation circuit characteristics. Refer to AC Characteristics for instruction execution time.
2. Time required to stabitize oscillation after reset or STOP mode release.

Cautions 1. When using the main system clock oscillator, wirinin the area enclosed with the dotted line should
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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 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.

. 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 oscitlation stabilization
time is secured by the program.
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Subsystem Clock Oscillation Circuit Characteristics (Ta = —40 10 +85 °C, Voo = 1.8 t0 5.5 V)

Resonator gﬁzﬂrme"ded Parameter Test Conditions MIN. TYP. | MAX Unit
Oscill
Crystal scillator a2 32768 | 35 kHz
resonator frequency (fxr) Note 1
Oscillation Voo =45t0 60V 12 2 .
stabilization time Note 2 10
External XT1 input a2 100 "
clock xT1  x1o| [frequency (fxr) Nete 1 z
;__DO__! XT1 input
A highsiow lavel width 5 15 us
] {tsree, txre)

Notes 1. indicates oniy oscillation circuit characteristics. Refer to AC Characteristics for instruction execution time.

2. Time required to stabilize oscillation after Voo reaches oscillator voltage MIN.

Cautions 1. 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 should not cross other signal lines.
Wiring should not be placed close to 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 osciitator.

misoperation due to noise than the main system ciock.
Particular care is therefore required with the wiring method when the subsystem clock is used.

. The subsystem clock oscillation circuit is a circuit with a low amplification level,more prone to
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DC Characteristics (Ta = 40 to +85 °C, Voo = 1,810 5.5 V)

Parameter Symbot Test Conditions MIN, TYP MAX. Unit
Input voltage | Vs P10-P17, P21, P23, P30-P32. Vou=271055V 0.7 Vo Voo v
high P35-P37, P40-P47, P50-P57,

PE4-67 0.8 Vo Vou Vv
Ving PO0-PO3, P20, P22, P24-P27, P33,| Vou =27 t0 55V 0.8 Voo Voo Vv
Pa4, RESET 085 Vo Vao v
Viky PE0-PE3 Voin=271055V 0.7 Voo 15 v
{N-ch open-drain} 0.8 Veo 15 v
Viris X1, X2 Voo =2.7t055V Voo -0.5 Vou v
Von-0.2 Vuo ]
Virs XT1/P04, XT2 45V <Vop<s55V 0.8 Voo Voo \
27V <Voo<d45V 0.9 Voo Ve 1
1.8V < Vop < 2.7 V Note 0.9 Voo Voo v
Input voitage | Viu: P10-P17, P21, P23, P30-P32, Voo = 271065 V 0 C3Voo| V
iow P35-P37, P40-P47, P50-P57,
P64-67 0 0.2 Vae Vv
Vi POO-PO3, P20, P22, P24-P27, P33,{ Voo =271t055V Q 0.2 Voo v
P34, RESET 0 015 Voo|  V
Vi P80-PE3 45VesVoos55V 0 €¢.3 Voo 3
27VsVop<4bV il 0.2 Veo v
0 ¢4 Voo v
Vite X1, X2 Voo =27t055V 0 0.4 Vv
0 0.2 Vv
Vs XT1/P04, XT2 45V<sVoo<b5V 4] 0.2 Voo v
27V<sVon<45V 0 ¢.1 Voo v
1.8V < Voo < 2.7 v Note 0 0.1 Voo Vv
Output Vom Voo =451055V, fon=~1mA Voo- 1.0 v
voltage high low = —100 pA Voo - 0.5 v
Qutput Vous P50 to P57, P60 to P63 Voo=45t055V, G.4 2.0 v
voltage low o = 15 mA
P01 1o P03, P10to P17, P20to P27 | Voo =45t055V, 0.4 v
P30 to P37, P40 to P47, P64 to P67 | o = 1.6 MA
Voiz $BO, $B1, SCKO Voo = 4.5 to 5.5 V, open-drain 02Von| V
pulted-up (R = 1 KQ}
Voua lou = 400 pA 0.5 Vv

Note When using XT1/P04 as P04, input the inverse of P04 to XT2 using an inverter.

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




NEC 4PD78011F, 78012F, 78013F, 78014F, 78015F, 78016F

DC Characteristics (Ta=-40to +85°C, Voo = 1.8t0 5.5 V)

Parameter Symbot Test Conditions MIN. TYP. | MAX. Unit
input leakage | lur Vin = Voo P00 to P03, P10 to P17, 3 HA
current high P20 to P27, P30 to P37,

P40 to P47, P50 to P57,
P80 to P67, RESET

fumz X1, X2, XT1/P04, XT2 20 HA

luma Vin=15V P60 to P63 80 HA
Input leakege | leit Vis=0V POO to P03, P10 to P17, ~3 HA
current low P20 to P27, P30 to P37,

P40 to P47, P50 to P57,
P60 to P67, RESET

= X1, X2, XT1/P04, XT2 -20 HA
fu_a P60 to P63 -3 Note uA
QOutput leakage| fLom Vour = Voo 3 HA
current high
Output leakage| .o Vour=0V -3 uh
current low
Mask option | R1 Vin=0V, P80 to P63 20 40 90 kQ
pub-up resister
Software R2 Vi = 0V, P01 to P03, P10 to P17, P20 to P27, P30 to P37, 15 40 90 k)
pull-up resister P40 to P47, P50 to P57, P60 to P67 L

Note For P60-P63, if pull-up resistor is not provided (specifiable by mask option) a low-level input leak current of ~200
uA (MAX.) flows only during the 3 clocks (no-wait time) after an instruction has been executed to read out port 6 (P6)
or port mode register 6 (PM8&). Outside the period of 3 clocks following execution a read-out instruction, the current
is =3 uA {MAX.).

Remark The characteristics of a dual-function pin and a port pin are the same unless specified otherwise.
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DC Characteristics {Ta = —40 to +85 “C, Voo = 1.8 ta 5.5 V)

Parameter Symbol Test Conditions MIN. TYP. | MAX. Unit
Supply oo 10.00 MHz crystal Voo = 5.0 V £ 10 % Note2 9.0 18.0 mA
current Note 1 oscillation operation mode Voo = 3.0 V £ 10 % Note 3 13 2.6 mA

looz 10.00 MHz crystal Voo = 5.0 V + 10 % Note 2 24 48 mA
oscillation HALT mode Voo = 3.0 V + 10 % Note 3 t.2 2.4 mA

lop3 32.768 kHz crystal Voo =50V +10% 60 120 HA
oscillation operation mode Note 4 Voo =30V +10% 35 70 A

Voo =20V+10% 24 48 HA

1ooe 32.768 kHz crystal Veo=50V+10% 25 50 uA
oscillation HALT mode Note 4 Voo =3.0V+10% 5 15 HA
Voo=20V+10% 2 10 HA

loos XT1 = Voo Voo =50V 10 % 1 30 HA
STOP mode when using feedback | Voo=3.0V £ 10 % 0.5 10 A

resistor Voo =20V 10 % 03 10 HA

fove XT1 = Voo Voo =50V 10% 0.4 30 BA
STOP mode when not using Voo =30V +10% 0.05 10 HA

teedback resistor Vop =20V +10% 0.05 10 BA

Notes 1. This current excludes the AVrer current, port current, and current which flows in the buiit-in puli-down resistor.
2. When operating at high-speed mode (when the processor clock control register is set to 00H)
3. When operating at low-speed mode (when the processor clock control register is set to 04H)
4. When main system clock stopped.
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AC Characteristics

(1) Basic Operation (Ta = -40 to +85 °C, Voo = 1.8 to 5.5 V)

Parameter Symbol Test Conditions MIN. TYP MAX Unit
Cycle time Ter Operating on main system clock } 35V« VppsS5V 0.4 64 P
{Min. instruction| ‘» 27V iVoe<35V 08 64 us
execution time) : 18V<Voec27V 2.0 £4 us

Operating on subsystem clock 40 122 125 us
TIO input trivo 35VeVop<55Y 2/fsam+0_1 Note s
frequency trie 27V <V <35V 2/f:am+0).2 Note - s
18V <Voo<27V 2/fam+0.5 Note HS
TH, TI2 input | fr Vou=45t055V 0 4 MHz
frequency o 275 kHz
T TiZinput |y, Voo = 4510 5.5 V 100 ns
high/low-level
width tres 1.8 s
interrupt input |t INTPO 35V<Vo<55V 2/fsam+0.1 Note us
highiow-level | tmm 27ViVoo<35V 2/fsam+0.2 Note us
width 18V <V <27V | 2ffams0 5 Note us
INTP1-INTP3, KRO-KR7 Voe=27t055V 10 [s
20 us
RESET low |t Voo = 2.710 5.5 V 10 us
level width 20 us

Note In combination with bits 0 (SCS0) and 1 (SCS1) of sampling clock select register, selection of fsam is possible
between §X/2N*" 1X/64 and tx/128 (when N= 0 to 4).
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Tey vs Voo (At main system clock operation)

60.0 [
ek eef :
Operation Guaranteed
i Range

10.0 +
& -
3,
< 50
kg - T
@
E
i
2
S, :
3 1 \

1.0 : N - -

N ‘ ‘\
0.5 \\
oo a
0.1 ‘ i i ! |
0 10 /20 /303540 505560
1.8 2.7

Supply voltage Voo [V]
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(2) Read/Write Operation (Ta = —40 to +85 °C, Voo = 2.7 to 5.5 V)

Parameter Symbol Test Conditions MIN. MAX. Unit
ASTB high-level width tasth 0.5tcy ns
Address setup time tans 0.5tcy-30 ns
Address hoid time tapH 50 ns
Data input time from address DDt {2.5+2m)tcy-50 ns
tanoz {3+2njtcy-100 ns
Data input time from RD{ tro! (1+2n)tov-25 ns
tRoD2 (2.5+2n)tcv—100 ns
Read data hold time tRoH [ ns
RD low-leve! width tRoLt (1.5+2m)tcy-20 ns
trot2 (2.5+2n) tev-20 ns
WAIT L input time from AD4 tROWTs 0.5ty ns
trowtz 1.5tcy ns
WAIT{ input time from WRL twawT 0.5tcv ns
WAIT low-ievel width twn, (0.5+2n)tov+10 (2+2n)tcv ns
Write data setup time twos 100 ns
Write data hold time twor Load resistor 2 5 k2 20 ns
WR low-level width twaLt (2.5+2n) tov—20 ns
RD! detay time from AST8L tastao 0.5tcv-30 ns
WRL delay time from ASTB tstwa 1.5tev-30 ns
ASTBT delay time from tRoasT tov-10 tov+40 ns
RDT in external fetch
A_ddress hold time from tADADH oy tev+50 ns
RDT in external fetch
Write data output time from ROT tRowD Voo=45t055V 0.51cv+5 0.51tcv+30 ns
0.51cv+15 0.51cv+80 ns
Write data output time from WAL | twrwo | Voo =45t055V 5 30 ns
15 90 ns
Addrass hold time from WRT twraoh | Voo =4.51055V tev tcv+60 ns
tev tev+100 ns
AD? delay time from WAITT twrrRp 0.5ty 2 5tev+80 ns
WRT delay time from WAITT twiwh 0.5tcy 2.5tcv+80 ns

Remarks 1. tcy = Tcv/4
2. ningicates number of waits.
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(3) Serial Interface (Ta = —40t0 +85 °C, Voo = 1.8 10 5.5 V)
(a) Serial Interface Channel 0
(i) 3-wire serial VO mode (SCKO... Internal cinck output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKG cycle time teors 45V <Vons55V 800 ns
27V <Vop<cd45V 1600 ns
20V sVope27V 3200 ns
4800 ns
SCKD high/fow-tevei T Voo =451055V kevi/2-50 ns
width et tkoyi/2-100 ns
$10 setup time tsikt 45V<Voos55V 100 ns
(to SCKOT) 27V<Vooc4d5V 150 ns
20V <Voo<27V 300 ns
400 ns
Si0 hold timae tKsit 400 ns
{from SCK0 ")
SO0 output delay time | tsor C = 100 pF Note 300 ns
from SCKOL

Note C is the load capacitance of SCK0 and SO0 output fine.

(i) 3-wire serial /O mode (SCKO... External ¢clock input)

Parameter Symbol Test Conditions MIN. TYP. MAX Unit
SCKO cycle time tova 45V <Voo<55V 800 ns
27V<Voo<d5V 1600 ns
20V < V<27V 3200 ns
4800 ns
SCKO high/low-levet threz 45V<Vons55V 400 ns
width triz 27V<Vooc45V 800 ns
20V <Vooc27V 1600 ns
2400 ns
510 setup time oz Voo=201t0 55V 100 ns
{to SCKOT) 150 ns
510 hold time sz 400 ns
{from WT)
SO0 output delay time | tksoz C =100 pF Note |y - 201055V 300 ns
from SCKO. 500 ns
SCKGO rise, fall time tr2 When external device 160 ns
tr2 expansion function is used
When external | When 16-bit timer 700 ns
device expansion| output function is
function is not |used
used When 16-bit timer 1000 ns
output function is
not used

Note C is the load capacitance of SO0 output line.
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(iii) SB1 mode (SCKO... Internal clock output)

Parameter Symbol Test Conditions MIN. TYP. MAX Unit
SCKO cycle time txors 45V <Vop<55Y 800 ns
20V <Vonedq4 5V 3200 ns
4800 ns
SCKO highflow-leve!l | to Voo=4.5106.0 V tecva/2-50 ns
width s tkeva/2-150 ns
SBO, SB1 setup time tsika 45V <Voos55V 100 ns
(to SCKOT) 20V<Voocd5VY 300 ns
400 ns
$80, $B1 hold time stz tkery/2 ns
(from SCKo™)
SBO, SBioutput delay | txsoa A= 1kQ, Voo =45t055V Q 250 ns
time from SCKO4 C = 100 pF Note [ 1000 ns
B0, 5814 from SCKOT| tesa tkeva ns
SCKOL from SBO, SB1Y tsex treva ns
SB0O, SB1 high-level sBH keys ns
width
$B0, SB1 low-leval 1s8L tkevs ns
width

Note R and C are the load resistors and load capacitance of the SBO, SB1 and SCKO output line.
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{iv) SBi mode (SCKO... External clock input)

Paramaeter Symbol Test Conditions MIN. TYP. MAX. Unit
SCKO cycle time tecve 45V <Voog55V 800 ns
20V<Vop<c45V 3200 ns
4800 ns
SCKO highflow-level | tns 45V <Voos55V 400 ns
width trea 20V<VoocdsvV 1600 ns
2400 ns
SB0, $81 setup time | tsix« 45V <Voos55V 100 ns
(to SCKO™) 20V<Voocd5V 300 ns
400 ns
SB80, SB1 hold time s keva/2 ns
(trom SCKo™)
SBO, SB1 output delay | tsos R =1k, Veo=45105.5V 0 300 ns
time from SCKOL C = 100 pF Note) 0 1000 ns
SB0, $814 from SCKOT| txee [ ns
SCKOL from SBO, SB1Y| tsex trcva ns
SBO. SB1 high-iave! tsaH treva ns
width
SBO, SB1 iow-ievel tsaL tkCva ns
width
SCKO rise, fall time Ra When external device 160 ns
tes expansion function is used
When external [When 16-bit timer 700 ns
device expansion{output function is
function is not  |used
used When 16-bit timer 1000 ns
output function is
not used

Note R and C are the load resistors and load capacitance of the $B0 and SB1 output line.
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(v) 2-wire serial VO mode (SCKO... Internal clock output)

Parameter Symbal - Test Conditions MIN. TYP. MAX. Unit

SCKO cycle time tevs A=1kQ, 27VsvVo<55V] 1600 ns

C =100 pF No®l2 gV << 27V 3200 ns

4800 ns

SCKo high-level width | tes Voo= 2.7 10 5.5 V] trcys/2-160 ns

txcysf2-190 ns

SCKU low-level width | tas Voo= 451055 V| tevw2-50 ns

trcvs/2-100 ns

SHO, SB1 setup time tsis 45V<Voos55V 300 ns

{to SCKOT) 27VsV<4asy| 350 ns

20VsVon<27V 400 ns

500 ns

SBO, 581 hoid time trsis 600 ns

(from SCKoT)

SBO, SB1 output delay | txsos 0 300 ns

time from SCKOL

Note R and C are the load resistors and load capacitance of the SCKO, SBO and SB1 output line.
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{vi) 2-wire serial I/O mode (SCKO... External clock input)

Parameter Symbol Test Conditions MiN. TYP. MAX. Unit
SCKQ cycle time trovs 27V<Voog55V 1600 ns
20V <Voo<27V 3200 ns
4800 ns
SCKe high-level width | tkue 27V<Vops55V 850 ns
20V <Voe<27V 1300 ns
2100 ns
SCKO low-level width | tus 27V<Voos55V 800 ns
20V<Vooc2?7V 1600 ns
2400 ns
SBO, SB1 setup time tsixe Voo =2.0t0 55V 100 ns
{to SCKO™ 150 ns
SBO, S81 hold time trsis tkeve/2 ns
(irom SCKOT)
SBO, $B81 output delay | tksos R=1 kil 4.5V <Von<55V 0 300 ns
time from SCKOL C =100 pFNot® 120V < Vip < 4.5V 0 500 ns
3] 800 ns
SCKO rise, fall time the When external device 160 ns
tre expansion function is used
When external |When 16-bit timer 700 ns
device expansionjoutput function is
function is not  |used
used When 16-bit timer 1000 ns
output function is
not used

Note R and C are the load resistors and load capacitance of the SB0 and SB1 output line.
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(b) Seriaf Interface Channel 1
{i} 3-wire serial VO mode (SCK1... internal clock output)

Parameter Symbol Test Conditions MiN. TYP. MAX. Unit

SCKT cycle time tevr 45V <Voos55V 800 ns

27V <Von< 45V 1600 ns

20V<Vop< 27V 3200 ns

4800 ns

SCK1 high/low-level tem7 Voo = 45t055V teov/2-50 ns

width 7 tcy7/2-100 ns

Si1 setup time tsin7 45V s Voos55V 100 ns

(to SCK11) 27V <Voo<d5V 150 ns

20V < Vonc27V 300 ns

400 ns

Si1 hold time trsir 400 ns
(from SCK11)

SO1 output delay time | tksor C = 100 pF Note 300 ns

from WJ,

Note C is the load capacitance of SCK1 and SO1 output line.

(ii} 3-wire serial VO mode (SCK1... External clock input)

Parameter Symbot Test Conditions MIN. TYP MAX. Unit
SCK1 cycle time s 45V Vors 55V 800 ns
27V<Von<45V 1600 ns
20V<Vone27V 3200 ns
4800 ns
SCK1 highflow-level | txs 45V <Voos65V 400 ns
width ke 27V<Vmw<45V 800 ns
20VsVonc 27V 1600 ns
2400 ns
Si1 setup time tsike Vop=20t0 55V 100 ns
(to SCKIT) 150 ns
SI1 hold time sts 400 ns
(from SCK17)
SO0 output delay time | tksos C = 100 pF Note|ypo = 201055V 300 ns
from SCK14 500 ns
§CK1 rise, fall time tre When external device 160 ns
trs expansion function is used
When external | When 16-bit timer 700 ns
device expansiorw output function is
tfunction is not {used
used When 16-bit timer 1000 ns
output function is
not used

Note C is the load capacitance of SO1 output line.
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(iii} 3-wire serial O mode with automatic transmit/receive function (§a(—1... Internal clock output)

Parametsr Symbol Test Conditions MiN. TYP. MAX. Unit
5CK1 cycle time trcve 45V <Vop<s5V 800 ns
27V<sVomncd sV 1600 ns
20VsVooc27V 3200 ns
4800 ns
SCK1 highflow-level | tee Vor = 451055V Ixcve/2-50 ns
width tris teeve/2-100 ns
Si1 satup time tsike 45V<sVoos55V 100 ns
{to SCK1T) 27V<Voo<cd5V 150 ns
20V <$Vooe27V 300 ns
400 ns
Si1 hold time ks 400 ns
{from SCK1 1)
SO1 output delay time | ksos C = 100 pF Note 300 ns
from SCK14
STBY from SCK11 tsep Iecvs/2-100 trcve/2+100 ns
Strobe signal tsew 27V<Vopsb5V xeye—30 txcy«+30 ns
high-level wizith 20V<Vooc27V xcye~60 tecve+60 ns
tkcre—90 txcve+90 ns
Busy signat setup time | tevs 100 ns
{to busy signat
detection timing)
Busy signal hold time | tev 45V<Voos55V 100 ns
{from busy signal 27V <Vop<45V 150 ns
detection timing) 20V Vo< 27V 200 ns
300 ns
SCK1l from busy tses 2txcrs ns
inactive

Note C is the load capacitance of SCK1 and SO1 output line.
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(iv) 3-wire serial VO mode with a1 ic tr it/receive function (557(—1 ... External clock input)
Parameter Symbot Test Conditions MiN. TYP. MAX. Unit
SCK1 cycte time txcrio 45V < Voos55V 800 ns
27V<Voocd5V 1600 ns
20V<Vo<27V 3200 ns
4800 ns
SCKA highfiow-ievet | o, 45V<SVons55V 400 ns
width Ko 27V<Voo<d4 5V 800 ns
20V<Vooc27V 1600 ns
2400 ns
SI1 setup time tsik1o Vop=20to 55V 100 ns
{to SCK1T) 150 ns
SI1 hold time txsio 400 ns
{trom SCK1T)
SO1 output delay time | ixsore C = 100 pF Not®|ypn = 20to 5.5 V 300 ns
from SCK14 500 ns
SCK{ rise, tall time thro, teto When extemal device expansion 160 ns
function is used
When external device expansion 1000 ns
function is not used

Note C is the load capacitance of the SO1 output line.
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AC Timing Test Point (Excluding X1, XT1 Input)

0.8 Voo ~-
0.2 Voo -

> Test Points

/\

0.8 Voo
0.2 Voo

Clock Timing

X1 nput \

XT1 tnput \

Ti Timing

TiO

Voo-0.5V
K 04V

Voo- 05V
0.4V

Lo = ] trise

T,TI2 \

i 1 T ——" rﬁ—-‘ tTIHY
S

— 1 — —~
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Read/Write Operation

External fetch (No wait):

AB-A15 X Higher 8-Bit Address X

|
i
- tanD1

AD7 Lower &B»l ________ { X X
ADO m Operation Code
f
DS - ot b tapH - - lpos - 1RDADH J

hsm

- - {ROAST -
ASTH 7ARY ; : /_\

RD ;

External fetch (Wait insertion):

AB-A15 X Higher 8-Bit Address j

|

S R—— e ) R
. — X
ADO-AD7 -——>< ---------------------------------- < Operation Cod§<
- k " >
ASTB ﬂ

JEE———

mx

Lower 8-Bit
Address

el s R I———

=t~ thoasT——-=}

——1ROADH —— -
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External data access (No wait):

s .
A8-A15 >§‘ Higher 8-Bit Address x

taoo2
N >Z > . v X - < X HZ
ADO-AD7 Lowhmw‘s P Hez..... 4 Read Data B Write Data ) SRS ]L
taos -’—P—HE o -] {roD2 : i

tAsTH =l ¢
il H trDH
ASTB i

RD \

p—— lasTRO tRot2

External data access (Wait insertion):

\
AB-A15 X Higher 8-Bit Address ;
tano2
- - N HZ F -
ADO-AD7 g HZ ... { ReadDaa pHE.L Write Data b B C
tans :
[ !
TASTH rtmamy b IRBD2 e e tRow i
ASTB ¥ !
{astro
RD f
wR
WAIT
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Serial Transfer Timing
3-wire serial VO mode:

[ tkeym
b
|

556, 5EK \ / \

slosH — (l Input Data

xsom
—
|
$00.501 >¢ Output Data ><
m=1,2728
n=228

SBI mode (Bus release signal transfer):

trs
SCKo
six3, 4 st o _.{
se0 oo 4 K
txsos. 4

SBI Mode (command signal transfer):

[ L

SCKo

SBO, 581

Ks03. 4
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2-wire serial /O mode:

SCKo

1

tksos6 —4 ~;L‘4<‘§"916 :

SB0, 881

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

$01 D2 )( D1 X Do X RS X 07
st D2 X D1 X Do X ) X o

tsia 1o !\— *ksia10
fKs0s 10 kHg.10
et 110 ; N
I 1}
SCK1 iI/ | { \__/_
i
taisto | o i 1sB1

,,,,,,, _.‘ D ~o-fe-15BW
cye10
sTB

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

JL
ey 5 Note / \ Nols N, m'l
SCK1 7 8 ogey ‘oo™ MO+ a7 1
\‘ I \I N \‘ 9?- . _I

toyS —arf——ta——- 1BYH e f5io5

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

BUSY
(Active High}
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A/D converter characteristics (Ta = —40 to-+85 °C, AVoo = Vob = 1.8 to 5.5 V, AVss = Vss = 0 V)

Parameter Symbot Test Conditions MIN. TYP. MAX Unit
Resolution 8 8 8 bit
Overall error Note 2.7 V < AVaer < AVop 06 Yo

18V <AVRr <27V 14 %
Conversion time foon 20V < AVor <55V 19.1 200 us

1.8V <AVp<20V 38.2 200 } us
Sampling time tsame 241 : us
Analog input voltage | Vi AVss AViee 0V
Reference voitage AVaer 18 AVor \
AVrer resistance Ramer 4 14 : k(2

Note Overall error excluding quantization error (+1/2 LSB). 1t is indicated as a ratio to the full-scale value.

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (T» = —40 10 +85 °C)

Parameter Symbol Test Conditions MIN, TYP. MAX. Unit
Data refention supply | Voros 1.8 5.5 Vv
voltage
Data retention supply | focor Vooor = 1.8 V 0.1 10 HA
current Subsystem ciack stop and feed-

back resister disconnected

Release signal set time | tsrew 0 us
Oscillation stabilization | twar Release by RESET 29fx ms
wait time Release by interrupt Note ms

Note In combination with bit O to bit 2 (OSTS0 to OSTS2) of oscillation stabilization time select register, seiection of 2'%/
fx and 25/ to 2'%/x is possible.

Data Retention Timing (STOP Mode Release by RESET)

Internal Reset Operation
HALT Mode

ol e STOP Mode ——— i ] : Operating Mode

i

|
iw—————Data Retension Mode ———— ] !
| |

3 ‘
it

Voo ’ \ Vooos tsrel

STOP Instruction Execution ' '

i

3}

10 b ’7 T
REsEr \U/ |
|
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Data Retention Timing (Standby Release Signal : STOP Mode Release by Interrupt Signal)

HALT Mode
pe—— = STOP Mode —————~— i %v—ﬂ-v Operating Mode
--——Data Retension Mode ~———-e-| i
—_ S :
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12. CHARACTERISTIC CURVE (REFERENCE VALUES)

loo vs Voo (Main Systemn Clock: 10.0 MHz)
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13. PACKAGE DRAWINGS

64 PIN PLASTIC SHRINK DIP (750 mil)

NOTE ITEM_MILLIMETERS  INCHES
1) Each lead centeriine is located within 0.17 mm (0.007 inch) of A SBBBMAX. 2311 MAX
its true position (T.P.) at maximum material condition. 8 0.070 MAX,
2) Item "K* to center of leads when tormed parallet. _c J. 0870y
0.004
] D Wc’).sorxo 10 0 020:0_005
F 09MIN
G

o aet01n
0251348
Lo e
0-15° 0-15"

P§4C-70-T50A,C-1

Remark Dimensions and materials of ES products are the same as those of mass-production products.
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64 PIN PLASTIC QFP ((114)

g

PBAGC-B0-ABE2

::::Elud centerline is located within 0.15 : ITEMi MI-LUMETE*RS' ‘
mm {0.006 inch) of its true position{TP)ar = A - 176204
maximum material condition. ‘s i 14.0%0.2
¢ T a0s02
o i76e04 7 oeoa0016
F . 1o C ooz
6 . 10 T o039
A | g3s000 | potaly
Toee T covs
S0 osaer C0031TR)
Lx 02 | oo71=0008
‘ L [ ,0,871072 h < 710031" we
Mo 0.15% of : 0.0068 833
N are i oava
b 2885 C oo
o Ton=01 000420004
U 2eswAx | onizmax

Remark Dimensions and materials of ES products are the same as those of mass-production products.
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64 PIN PLASTIC LQFP ([112)

NOTE

Each lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.

detail of lead end

ITEM MILLIMETERS INCHES

AL 148204 058320016
; +0.009
B 12.040.2 0.472+3-98¢
; +0.009
c 12,040 2 0.472+8-988
) 0.583:0.016
F 0044
G 3 0 O§4 o
o +0.004
H 0.30£0.10 0.012_0_005
) 0.3 0.005
J 065(T.P)  0.026(TP)
K 14202 0.05520.008
; +£.008
L 0.6£0.2 0.02475-938
0.10 +0.004
M .15:9¢8  o00s:fgRL
N ¢ 10 0004 _
P 14 0085 )
o} 0.125:0.075  0.00520 003
R 525 545
s 1.7 MAX 0.067 MAX.
PEAGK-65-848-1

Remark Dimensions and materials of ES products are the same as those of mass-production products.
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14. RECOMMENDED SOLDERING CONDITIONS

The yPD78011F/78012F/78013F/78014F/78015F/78016F shouid be soldered and mounted under the conditions
recommended in the table below.
For detail of recommended soidering 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 (1/2}

(1) uPD78011FGC-xxx-AB8: 64-Pin Plastic QFP (14 x 14 mm)
uPDTBO12FGC-xxx-AB8: 64-Pin Plastic QFP (14 x 14 mm}
pPD78013FGC-xxx-AB8: 64-Pin Plastic QFP (14 x 14 mm)
uPD78014FGC-xxx-ABB: 64-Pin Plastic QFP (14 x 14 mm)
HPDT78015FGC-xxx-AB8: 64-Pin Plastic QFP (14 x 14 mm)
1PD78016FGC-xxx-AB8: 64-Pin Plastic QFP (14 x 14 mm)

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

Infrared reftow

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

Numbser 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 shouid be avoided.

IR35-00-2

vPsS

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 refiow after the device ltemprature by the first reflow returns to
normat.

(2) Flux washing by the water after the first refiow shouid be avoided.

VP15-00-2

Wave soidering

Solder bath temperature: 260 °C max. Duration: 10 sec. max.
Number of times: Once
Preliminary heat tempsrature: 120 °C max. {Package surface temperaturse}

WS60-00-1

Pin part heating

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

Caution Use move than one soldering method should be avoided (except in the case of pin part heating).
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Table 14-1.

Surface Mounting Type Soldering Conditions (2/2)

(2) uPD78011FGK-xxx-8A8 : 64-Pin Plastic LOFP (12 x 12 mm)
UPD78012FGK-xxx-8AB : 64-Pin Plastic LOFP (12 x 12 mm)
JiPD7B013FGK-xxx-8A8 : 64-Pin Plastic LQFP (12 x 12 mm)
1PD78014FGK-xxx-8A8 : 64-Pin Plastic LOFP (12 x 12 mm)
UPD78015FGK-xxx-8A8 : 64-Pin Plastic LOFP (12 x 12 mm})
LPD78016FGK-xxx-8A8 : 64-Pin Plastic LQFP (12 x 12 mm)

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

< Points to note >

normal.

Infrared reflow Package peak temperature: 235 °C, Duration: 30 sec¢. max. {at 210 °C or above),
Number of times: Twice max., Number of days: 7 days Nt (after that, 125 °C prebaking
for 10 hours is necessary.)

(1) Start the second reflow after the device temprature by the first reflow retums to

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

IR35-107-2

< Points to note >

normal.

VPS Package peak temperature: 215 °C, Duration: 40 sec. max. {(at 200 "C or above),
Number of times: Twice max., Number of days: 7 days Not® (after that, 125 °C prebaking
for 10 hours is necessary.)

{1) Start the second reflow after the device temprature by the first reflow retumns to

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

VP15-107-2

necessary )

Wave soidering Solder bath temperature: 260 °C max. Duration: 10 sec. max.
Number of times: Once, Preliminary heat temperature: 120 °C max. (Package surface
temperatura), Number of days: 7 days Nete (after that. 125 °C prebaking for 10 hours is

WS60-107-1

Pin part heatirg Pin temperature: 30!

0 °C max., Duration: 3 sec. max. {per device side)

Note The number of days the device can be stored at 25 °C, 65% RH MAX. after the dry pack has been opend.

Caution Use more than one soldering method should be avoided (except in the case of pin part heating).

Table 14-2. Insertion Type Soldering Conditions

pPD7BO11FCW-xxx :
uPD78012FCWexxx :
uPD78013FCW-xxx :
HPD78014FCW-xxx :
#PD78015FCW-xxx :
HPDT8016FCW-xxx !

64-Pin Plastic Shrink DIP (750 mil)
64-Pin Plastic Shrink DIP (750 mil)
64-Pin Plastic Shrink DIP (750 mil)
64-Pin Plastic Shrink DIP (750 mil)
64-Pin Plastic Shrink DIP (750 mil)
64-Pin Plastic Shrink DIP {750 mil)

Soldering Method

Soldering Conditions

Wave soldering
{pin only)

Solder bath temperature: 260°C max., Duration: 10 sec. max.

Pin pant heating

Pin ternperature: 300°C max., Duration: 3 sec. max. {per pin)

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




