DATA SHEET

NEC MOS INTEGRATED CIRCUIT
ELECTRON DEVICE uP D 7 8 P 1 3 8

8 BIT SINGLE-CHIP MICROCOMPUTER

The uPD78P138 is produced by replacing the mask ROM of the uPD78138 with PROM. *

There are two types of internal PROM: one-time PROM in which data can be written once, and EPROM to
which programs can be re-written after previously wriiten programs have been erased.

One-time PROM products are suited for system evaluation in development, manufacture of small quantities

of multiple products, and early stage start-up of applications.

The EPROM versions of the uPD78P138 are not intended for use in mass-produced products; they do
not have reliability high enough for such purposes. Their use should be restricted to functional

evaluation in experiment or trial manufacture.

The reader should also refer to the publications on the ;PD78134A, uPD78136, and uPD78138.

FEATURES
* The pins are compatible with the uPD78134A, uPD78136, or uPD78138.

« Internal PROM: 32768 x 8 bits
* Size of the internal memory can be changed.

» PROM programming characteristics: compatible with the uPD27C256A

*
ORDERING INFORMATION
Part number Package internal ROM Quality grade
uPD78P138GF-3BS 80-pin plastic QFP One-time PROM Standard
£PD78P138K 80-pin LCC with a window EPROM Not applied
Please refer to “Quality grade on NEC Semiconductor Devices” {Document number [EI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
In this manual, the description of the PROM is for both a one-time PROM and EPROM.
The information in this document is subject to change without notice.
Document No. 1C—2960A The mark W shows major revised point.
(0.0 No. 1G—8051A)
Date Publshed January 1993P ® NEC Corporation 1991

Printed in Japan



NEC uPD78P138

PIN CONFIGURATION (TOP VIEW)

80-pin plastic QFP

{1} Normal operation mode
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P0OO-PO7 Port 0
P10-P17 Port 1
P20-P27 Port 2
P30-P37 Port 3
P40-P47 Port 4
P50-P57 Port 5
P60-P&7 Port 6
P70, P71 Port 7
PWMO, PWM1: Pulse width modulation cutput
CLO Clock output
ANIO-ANI7 Analog input
AVREF Reference voltage
AVss Analog Vss
X1, X2 Crystal
RESET Reset

CTloo, CTI10, CTIM1:
CLRO, CLR1
PTO00-PTOO0Z,
PTO10, PTON
NMI
INTPO-INTP2
Si

S0

SBO

SCK

ADQ-AD7
AB-A15

RD

WR

ASTB
EA

Capture trigger input
Timer clear input
Programmable timer input

Nonmaskable interrupt
Imterrupt from peripherals
Serial input

Serial output

Serial bus

Serial clock

Address data

Address

Read

Write

Address strobe
External access
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{2) PROM programming mode
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AQ-A14: Address CE: Chip enable
D0-D7 : Data OE: Output enable
PROG : Program
Cautions 1. L : Connect these pins separately to the Vss pins through pull-down resistors.
2. Vss : To be connacted to the ground.

3. Open: Nothing should be connected on these pins.
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1. PIN FUNCTIONS

1.1 PORT PINS

(Phase-out/

ﬂ@@mﬁﬂm@@ 4PD78P138

. Dual-function .
Pin name 1o pin{ } Nate Function
POO-PO7 0 (AQ-AT7} Part 0 (PO} :
Can be specified to output or high impedance 8 bits by 8 bits.
Also function as a real-time output port.
P10-P17 1fQ - Port 1 (P1}):
Can be specified ta input or output bit by bit.
Can directly drive LED.
Software pull-up resistor (P10-P17) can be built in.
P20 | NMI{PROG) | Port 2 (P2} :
Pa1 INTPOIAG] Also function as external interrupt pins or various trigger pins.
Software pull-up resistor (P22-P27} can be buiil in.
P22 INTP1
P23 INTP2
P24 CTho
P25 CTIOO
P26 CTI
P27 CLR1
P30 O PTO0Q Port 3 (P3}
P31 PTOO1 P20-P33, P36, P37: /O port (Can be specified to input or autput bit by bit.)
P34, P35: Input port
P32 PTO02 Also function as various control pins.
P33 PTON Software pull-up resistor {P30-P37) can be built in.
P34 CLRO
P35 Sl
P36 110 s0/sBo
P37 SCK
P40-P47 110 ADO-AD7Y Port 4 {(P4) ;
(DO-DN Can be specified to input or cutput 8 bits by 8 bits.
Also function as address/data bus for when external memory is connected.
Software pull-up resistor {P40-P47} can be builtin.
P50 11O AB(AB} Port b (PB) :
P51 A9 Can be specified to input or output bit by bit.
Also function as address output bus for when external memory is connected.
P52-P56 A10-A14 | g hvare pull-up resistor {P50-P57) can be built in.
{tA10-A14)
P57 A15

Note Pins in parentheses indicate the pins used in the PROM programming mode.
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- Dual-function )
Pin name 10 pini } Note Function
PE0-P&3 0 - Port 6 {PB) :
PG4 /0 RDIOE) Also function as control signal pin for when external memeory is connected.
—— Software pull-up resistor (P64-P87} can be built in.
P&5 WRICE}
PE&-P&7 -
P70-P71 1/O - Port 7 {P7) :
Can be specified to input or output 2 bits by 2 bits.
Software pull-up resistor (P70, P71} can be buslt in.

Note Pins in parentheses indicate the pins used in the PROM programming mode.
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Discontinued)

1PD78P138

1.2 NON-PORT PINS ({IN NORMAL OPERATION MODE)

Pin name 110 :iL:]z:I-;uNnoit.ion Function
PWMO, 0 - Super timer unit PWM output
PWM1
ANIO-ANI7 | - Analog voltage input to A/D converter
AVngr - Reference voltage input to A/D converter
AVss - Ground potential of A/D converter
NMI P20 Neon-maskable interrupt request input.
IPROG) Either rising edge or falling edge can he selected via mode register (INTMQ).
INTPC P21 External interrupt request input . Rising edge, falling edge, or rising and
(A9} falling edges can be selected via mode register (INTMO).
- INTP1 P22 External interrupt request input. Rising edge or rising and falling edges
I-NTP2 P23 can be selected via mode register (INTMQ)
Sl | P35 Serial data input {3-wire serial /O mode) a
SO O P36/SB0 Serial data outpul {3-wire serial I/O mode}
SBO le; P36/S0 Serial data input (SBI mode}
SCK [I{®] P37 Seriai clock input/output
CTI00 | P25 Super timer unit capture trigger input
cTno P24
CTI P26
CLRO P34 Super timer unit timer clear signal input
CLR1 p27
PTO00 110 P30 Super timer unit timer output
PTC01 P31
PTO02 P32
PTC10 o -
PTO11 le] P33
ADO-AD7Y [I{e] P40-P47 Time muitiplexing address/data bus for when external memory is con-
(DO-D7} necled
A8 [I{e] P5O(AB) Address output port for when ext’ernal memory is connected
A9 P51
Al0-A14 P52-P56
{AT10-A14)
A15 P57
RD Pe4(OE) Strobe signal output for reading external memory
WR P66(CE) Strobe signal output for writing external memory
ASTB 0 cLo Timing signal output that externally latches address data for accessing
external memaory
Note Pins in parentheses indicate the pins used in the PROM programming mode.
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Pin name /0 D.ua;‘f::unchon Function
pin
CLO O ASTB Clock cutput
EA | Ver External expansion function control input
X1 | - Crystal connection for system clock signal oscillation,
Input the externally supplied clock signal to X1 and input its inverted phase
X2 - to X2.
RESET - System reset inpul.
Contains an analog delay noise reduction circuit.
Voo - Positive power supply
Vss - GND potential

Note Ping in parentheses indicate the pins used in the PROM programming mode.

1.3 NON-PORT PINS (PROM PROGRAMMING MODE)

Pin name 110 D.ual—function Function
pin
AQ-A7 | P00-PO7 Address input
A8 P50/A8
AS P21UINTPO
A10-A14 P52-P56/
Al1G-A14
D0-D7 110 P40-P47/ Data 110
| ADO-AD7
e
TE : i P65/ WR Program pulse input
OF | PE4/RD Output enadble input
PROG P20/NMI High-voitage application for writing or verifying a program
Vep EA High-voltage application for writing or verifying a program.
Normally, Tunclions as EA pin.
Voo : - Power supply
Vs - GND potential

10
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1.4 INPUT/OUTPUT CIRCUITS AND CONNECTION OF UNUSED PINS
Table 1-1 and Fig. 1-1 show simplified pin input/output circuits. Table 1-1 also shows how unused pins

are to be handled in normal operation mode. See Section 3.2 for the connection of the pins unused in the

PROM pregramming mode.

Table 1-1

1/Q Circuit Type of Each Pin and Connection of Unused Pins in Normal Operation Mede

Pin name { ) Note

/0 circuit type

Recommended connection of unused pins

POQ-PO7{AQ-AT) 4 Open

P10-P17 5-A ‘ Input : Connected to Voo via pull-up resistor
Qutput: Open

P20/NMI{PROG) 2 Connected to Voo

P2 1/INTPO{AS)

P22-P23/INTP1-INTP2 2-A

P24/CTIN0

P25/CTIO0

P26/CTIN

P27/CLR1

P30-P32/PTO00-PTO02 B-A laput :; Connected to Voo via puil-up resistor

P33/PTO11 Output: Open

P34/CLRO 2-A Connected to Voo

P35/S1

P36/S0/SB0O 10-A Connected to Voo via pull-up resistor

P37/5CK 8-A

P40-P47/AD0-AD7{D0-D7) 5-A Input : Cennected to Voo via pull-up resistor

P50/ABIAS) Qutput: Open

P51/A9

P52-PE6/A10-A14{A10-A14)

P51/A15 -

P60-P63 3 Cpen ]

PG4/RD(OE) S-A Input : Connected to Voo via puli-up resistor

P65/ WRICE) Output: Open ‘

P66, P67

P70, P71

PWMO, PWMI1 3 Open

PTO10

ANIO-ANIT 7 Connected to Vss

EAN®r 1 —

ASTB/CLO 3 Open

RESET 2 —

AV ner - Connected to Vss

AVss

Note Pins in parentheses indicate the pins used in the PROM programming mode.

11
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1PD78P138

Fig. 1-1 Pin Input/Output Circuits
Type 1 Voo Type 2-A
o
Pull-up
IN & enable
e,
IN
Type 2
Schmitt trigger input with hysterisis characteristics
IN © V)
Type 5-A Voo
Schmutt trigger input with hysternsis characteristics Pull-up
anable
Type 3 Voo
Data
p INFOUT
Output
Data © OUT disable
| N Input
enable
Voo
Type 4 Voo Type B-A
Dat Puil-up
ate :D:)—{ P enable
ouT Data
Pulf-up N INJOUT
enable Output
disable
Push-pull output that can output high impedance
{Positive and negative channels are both off.)
Type 7 Type 10-A
Voo
Comparator Pull-up
P ; enable
IN © ' +
v |
T I p Data
INFOUT
Open
drain
Vrer O_utput
disable

(Threshold voltage}

12
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2. DIFFERENCES BETWEEN PROM PRODUCTS AND MASK ROM PRODUCTS

2.1 DIFFERENCES BETWEEN THE yPD78P138 AND :PD78134A/uPD78136/:PD78138
Table 2-1 shows the differences hetween these products.
For the details of the CPU function and built-in hardware, referto the publications onthe uPD78134A, uPD78136,

and pPD78138.

Tablae 2-1 Differences between uPD78P138 and uPD78134A/uPD78136/uPD78138

ltem uPD78P138 pPD78134A uPD78136 uPD78138
Program memory + PROM + Mask ROM » Mask ROM » Mask ROM
+ 32768 bytes » 16384 bytes « 24576 bytes » 32768 bhytes
Internal memory size change | Provided (Fig. 2-1
register {IMS) shows the format Not provided
of IMS.}
Pin connection 'n the uPD78P138, the functions to read/write the PROM are added to the pins.

Fig. 2-1 Format of the internal Memory Size Change Register {IMS)

7 6 5 4 3 2 i 0 Address When reset R/wW
s -[romz [ romz | romt [ Romo [ Ram3 | Ramz | rami | Ramo | FFCFH FOH W
I [ [ | ]
RaM3 | RAM2 | RAMT | Ramo | [jrereal RAM size
1 1 0 1 640 byles
0 1 1 1 384 bytes

Caution No values other than above shall be set.

Internal ROM size

ROM3 [ ROMZ | ROMI | ROMO

change
1 1 1 1 32768 bytes
1 1 1 0 24576 bytes
0 1 ¢ 1 16384 bytes

Caution No values other than above shall be set.

13
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2.2 DIFFERENCES BETWEEN THE »PD78138 SERIES AND PD78134
The differences between the uPD78138 series (uPD78134A, uPD78136, xPD78138, and uPD78P138) and

#PD78134 are as follows:

(1) ROM/RAM size

ltem uPD78134 uPD7B124A uPD78136 uPD78138 uPD78P138
ROM 16K bytes 24K bytes 32K bytes 32K bytes
(Mask ROM) {Mask ROM} (Mask ROM) (PROM)
RAM 384 bytes 640 bytes
(@) Added instructions
The following 15 instructions are added in the uPD78138 series.
Signed multiply instruction . MULSW r
8-bit data transfer instruction : MOV A, [HL+!
MOV [HL+], A
MOV A, [DE]
MOV [DE] A
MOV A, [DE+]
MOV [DE+], A
MOV A, laddr16
MOV laddr16, A
XCH A, [HL]
XCH A, [DE]
XCH A, word [r1]
8-bit arithmetic/logical instruction: ALU A, [DE]
ALU A, word [r1]
Call instruction : CALL rp
Remark Legend
A : Register A
rp . AX, BC, DE, or HL
r A, X,B,C,D,E,H erL
ri  AorB
word : 1B-bit immediate data or tabel
laddr16: 0000H-FFFFH immediate data or label
HL . Register pair
DE : Register pair
ALU . Generic for all the mnemonics of the 8-bit arithmetic/logical instructions

{ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP)

14



NEC

4PD78P138

Operation when a value is written in an event counter compare register (ECCO or ECCt}

- uPD78134 : Clears the event counter {EC).

» 1PD78138 series: Clears the event counter {EC) when OxxxxxxxB is written. Does not clear event
counter {(EC} when TxooooxxB is written,

Threshold width for pulse elimination for the digital noise sliminator
« uPD78134 ¢ 40/fe
» uPD78138 series: 32/fcx or 72/fc selectable

PWM carrier frequency
+ uPD78134 ; 23.4 kHz
{4PD78138 series: 23.4 kHz or 46.9 kHz selectable

Restrictions are lifted for the real-time output port control mode in macro service

In the uPD78138 series, the restriction that the output timing data must be stored in ROM in the real-time

output control mode in macro service in the uPD78134 is lifted.

15
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3. PROM PROGRAMMING

The program memory in the uPD78P138 is an electrically writable PROM of 32768 x 8 bits. When pro-
gramming this PROM, use the PROG and RESET pins to set the uPD78P 138 to the PROM programming mode.

Table 3-1 lists the pins to be used in this mode.
The 4PD78P138 provides programming characteristics compatibility with the uPD27C256A.

Table 3-1 Pin Functions in PROM Programming Mode

Pin Function

PROG High-voltage input to set the uPD78P 138 to the PROM program-
ming mode

RESET Low level pulse input 1o set the uPD78P138 to the PROM pro-
gramming mode

Ve PROM programming voltage input

Ad-AT4 Address input

Do-D7 Datainput{when writing), data output (whenverifying or reading)
CE Chip enable input
OF Output enable input
Voo Power supply input
Vss GND potential

3.1 PROM PROGRAMMING OPERATING MODE

When +6 V is applied to the Voo pin and when +12.5 V is applied to the Ver pin, the uPD78P138 enters the
program write/verify mode. This mode varies to each operating mode shown in Table 3-2 according to how
to set the CE and OFE pins.

Setting the uPD78P138 to the read mode enables it to read the contents of PROM.

Table 3-2 Operating Modes for Programming on PROM

Hk"“‘*-“_,_n Pin ArerT cE o

Mode «-_“‘\‘\\ PROG RESET CE 0t Vep Voo Do-D7

Program write L H Data input

Program verify H L +125 V +6 V Data output

Program inhibit H H High impedance
+125V L

Read L L Data output

Output disable L H +5V +5V High impedance

Standby H L/H High impedance

Caution Do not set both CE and OE to L when Ve is set to +12.5 V and Voo to +6 V.

16
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3.2 CONNECTION OF UNUSED PINS IN THE PROM PROGRAMMING MODE
Table 3-3 lists the connections of the pins not to be used in the PROM programming mode.

Table 3-3 Connection of Unused Pins in the PROM Programming Mode

Pin

Recommended connection of unused pins

F10-P17

Cpen

p22-P27

Connected to Vss

P30-P33

Open

P34-P37

P51, P57

P&0-P&3

P86, P67

Connected to Vss via pull-down resistor

P70, P71

PWMO, PWM1

Open

ANIQ-ANIT

AVrer, AVss

Connected to Vss via pull-down resistor

ASTB/CLO

PTO10

Open

X1

Connected to Vss

X2

Open

17
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3.2 PROCEDURE FOR WRITING ON PROM

{1

{2)
{3)
{4)
(5}
(6}

{7)
(8)

{9

The following is a procedure for writing on PROM. Data can be written at high speed.

Always set the RESET pin to low. Apply +12.5 V to the PROG pin. Handle other unused pins as shown
in Table 3-3.

Apply +6 V to the Vop pin and +12.5 V to the Vep pin.

Set an initial address.

Input write data.

Input a 1 ms program pulse {active low) to the CE pin.

Verify mode: If data are written, go to step (8); if not, repeats steps {4} to (6). If no data are written yet
after they are repeated 25 times, go to step (7).

Assume the device to be defective and stop write operation.

Input write data and a program pulse of {number of times steps (4} to (6} were repeated: X) x 3 ms
{additional writing).

Increment the address.

(10} Repeat steps (4) to {9) until the address exceeds the last address.

18

Fig. 3-1is a timing chart of these steps (2} to (8}.

Fig. 3-1 PROM Write/Verify Timing Chart

Repeats X times

A

Write Verify - Additional ——
AQ-AT4 Address input
1125V
Voo
+6V
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3.4 PROCEDURE FOR READING FROM PROM
The contents of PROM can be read out to the external data bus (DO to D7) in the following steps:
{1) Always set the RESET pin to low. Apply +12.5 V to the PROG pin. Handle other unused pins as shown
in Table 3-3.
{2) Apply +5 V to the Voo and Ver pins.
{3) Input the address of data to be read into the A0 to A14 pins.
{4) Read mode
{5} Output the data on the DO to D7 pins.
Fig. 3-2 is a timing chart of these steps (2) to (b).

Fig. 3-2 PROM Read Timing Chart

AC-Al14 X Address input X
= T\ /
- T\ /

Da-D7 < Data output >—

4. ERASURE CHARACTERISTICS ONLY FOR THE HUPD78P138K

The programmed data of the uPD78P138K can be erased by exposure to light with a wavelength less than
approx. 400 nm {all of the EPROM data are set to FFH}.

To erase the contents of program memory in the uPD78P138K, expose the erasure window to ultraviolet
light with the wavelength of 264 nm. The amount of light required to completely erase the contents of program
memory is a minimum of 15 Wes/cm? (intensity of ultraviolet light x erasing time). It takes about 15 to 20
minutes to expose the erasure window to a 12000 wWicm? ultraviolet lamp. It may, however, take more time
due to the fallen performance of this ultraviolet lamp, dirt on the package window, or suchlike. Note that the
uPD78P138K should be placed less than 2.5 ¢m from the uitraviolet lamp during erasure. In addition, if a filter
is attached to the ultraviclet lamp, remove the filter before erasure.

5. PROTECTIVE FILM COVERING THE ERASURE WINDOW ONLY FOR THE pPD78P138K

The erasure window should be covered with a protective film when not erasing the contents of EPROM.
This is to prevent the contents of memory from being erased erroneously by exposure to light other than the
EPROM-contents erasing lamp. This is also to prevent any malfunction of the internal circuits other than the
EPROM due to the light.

19
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6. ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS (Ts = 25 °C)
Parameter Symbol Conditions Rating Unit
Supply voltage Voo -0.510 +7.0 \Y
AVrer -0.5 to Voo v
AVss -0.510 405 A
Input voltage Vi -0.51c Voo + 0.5 Vv
Cutput voltage Vo -0.5te Voo + 0.5 A
Low output current lov 1 pin 15 mA
Total of all cutput pins 100 ma
High output current lon 1 pin -10 mAm_—
Total of all cutput pins -50 mA
Operating temperature Torr - ) -10 to +70 °C
Storage temperature Tsre -65 to +150 °C

OPERATING CONDITIONS

Clock freguency

Operating temperature (Ta)

Supply voltage {Voo!

4 MHz < fxx € 12 MHz -10 10 +70 °C +5.0V 10 %
CAPACITANCE (Ta = 25 °C, Voo = Vss = 0 V)
Parameter Symbol Min. Typ Max. Unit Conditions
Input capacitance C 20 pF fc = 1 MHz
Quiput capacitance Ce 20 pF 0Vonpins _other than
measured pins
/0 capacitance Ce 20 pF
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OSCILLATOR CHARACTERISTICS (Ts = -10 to +70 °C, Voo = +5.0 V £10 %, Vss = 0 V)

Resonator Recommended circuit Parameter Min. Max. Unit
Ceramic or crystal Qscillation frequency (fxx) 4 or ¢ Note 12 MHz
resonator

External clock X1 input frequency (fx} 4 or § Note 12 MHz

X1 X2

o

X1 input rising (falling) time 0 30 ns
HCMOS {txa, txr)
inverter X1 input high-level (low-level) 30 130 ns

width {twxd, twxd)

Cautions 1. The oscillation circuit must be as near pins X1 and X2 as possible.
2. No signals are allowed in the shaded portion.

Note When an A/D converter is used : B MH:z
When an A/D converter is not used: 4 MHz
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DC CHARACTERISTICS (Ts = -10 to +70 °C, Voo = +5.0 V 210 %, Vss = 0 V)

Parameter Symbol Min. Typ. Max. Unit Conditions
Low-level input voltage Vi 0 0.8 v
High-level input voltage Vil 2.2 Voo v Pins aotherthanthose shownin
Note 1
Vinz 0.8Voo Voo v Pins shown in Note 1
Low-level output voltage Vou 0.45 v loL = 2.0 mA, except for Note 2
Vo 1.0 v lov = 8.0 mA Note 2
High-level output voltage Voni Voo - 1.0 v lon = -1.0 mA, except for Note 3
Vouz Vee - 0.6 \' lon = =100 uA, except for Note 3
Vora 20 v lon = ~5.0 mA Note 3
Input leakage current Iu 10 uA 0V <Vi<Voo
Output leakage current lo +10 LA 0V sVos Voo
AVrer current Alaer 1.5 5.0 mA Operation mode, fic = 12 MHz
Voo supply current loo 20 40 mA QOperation mode, fxx = 12 MHz
Data retention voltage VoooR 2.0 55 v STOP mode
Data retention current looze 1 10 uA STop | Voeor =20V
2 20 pA mode | Voooa =5V 10 %
Pull-up resistor RL 15 40 80 k2 Vi=0V

Notes 1. Pins X1, X2, RESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2, P24/CT110, P25/CTI00, P26/CTI11,
P27/CLR1, P34/CLRO, P35/SI, P36/SO/SBO, P37/SCK, and EA
2. Pins P10-P17
3. Pins P0O-PO7
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AC CHARACTERISTICS (Ts =-10 to +70 °C, Voo = +5 V £10 %, Vss = 0 V)
Head/Write Operation

Parameter Symbol Min. Max. Unit Conditions
X1 input clock cycle time tovx 82 250 ns
Address setup time (to ASTBl) teast * 52 ns
Address hold time {to ASTBJ) thaTA 25 ns Ri = 5 k0, CL = 50 pF
Address — RDJ delay time toar  * 129 ns
Address float time (to RD4) tran  * 1 ns
Address — data input time toar  * 228 ns
ASTBl — data input time tostn  * 181 ns
RD. — data input time toas  * 99 ns
ASTBL — RD! delay time tostn " 52 ns
Data hole time {to RDT} tHAID 0 ns
RDT — address active time toas  ° 124 ns
RDT — ASTBT delay time toast ¥ 124 ns
RD low-level width twa, ¥ 124 ns
ASTB high-level width twsth ¥ 52 ns
Address —» WRJY delay time toaw * 129 ns
ASTBl — data output time tostoo  * 142 ns
WR. 5 data output time towoo 60 ns
ASTBl - WRL delay time tosTw  * 52 ns
Data setup time {to WRT) tscown * 146  ns
Data hold time {to WRT) Nots tawon % 22 ns
WRT o ASTBT delay time towsr ¥ 42 ns
WR low-level width twwe T 196 ns

Note The hold time includes the time for holding Von and Vot on the load conditions of CL = 100 pF and

RL =2 k.

Remarks 1. The values listed in the above table are obtained when xx = 12 MHz and C. = 100 pF.

2. See tcxr-Dependent Bus Timing Definition for additional information about the parameters

with an asterisk {*} in the symbol column.
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1PD78P138

tcyx-Dependent Bus Timing Definition
Parameter Symbol Calculation formula Min/Max.| 12 MHz Unit
X1 input clock cycle time toyx Min, 82 ns
Address setup time {to ASTB!} TsasT tevx — 30 Min. 52 ns
Address — RDI1 delay time toar 2tcwex — 35 Min. 129 ns
Address float time (1o RDL} teAR tevx/2 - 30 Min. 11 ns
Address — data input time toan (4 + 2nltevx — 100 Max. 228 ns
ASTBLl — data input time losTIn (3 + 2nltevx — 65 Max. 181 ns
RD.l — data input time torio {2 + 2ZnMtevx - 65 Max. 99 ns
ASTBL — RD! delay time tosTA tovx — 30 Min. 52 ns
DT — address active time toRA 2tevx - 40 Min. 124 ns
RDT — ASTBT delay time torst | 2tcvx 40 | Min. 124 ns
RD low level width TwhL } {2 + 2nitcvx - 40 Min. 124 ns
ASTB high-level width twsTH i tevx — 30 Min. 52 n-s
Address — WR. delay time toaw Zicvx - 35 Min 129 ns
ASTBl — data output time LDSTOD tcvx + 60 Max 142 ns
bA-Sﬁ.:["igl- -» WRJ. delay time tosTw tevx — 30 Min. 52 ns
Data setup time {to WRT) tsoDwA {3+ 2nitcyx — 100 Min. 146 ns
Data setup time ito WRL) [SODWF teyx — B0 Min. 22 ns
WRT — ASTBRT delay time towsT tevx — 40 Min. 42 ns
WR low-level width Tl {3 + 2nitevx - 5O Min. 196 ns

Remarks 1. nrepresents the number of wait cycles inserted according to the specification of the memory

mapping register (MM},
2. The standard values for 12 MHz are obtained when n is 0.

3. The items that are not listed in the above table do not depend on the clock frequency (fxx).
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Serial Operation

Parameter Symbol Min. Max. Unit Conditions
Serial ctock cycle time tevsk 1.0 us Input External clock
1.3 us Qutput | fax divided by 8
5.3 us fak divided by 32
Serial clock low-level width twsi 420 ns Input External clock
556 ns Qutput | fck divided by B
25 us few divided by 32
Serial clock high-level width twskh 420 ns Input External clock
556 ns Output | fax divided by 8
25 us foe divided by 32
Si, $B0 setup time (1o SCKT) tsssk 150 ns
SI, SBO hold time {to SCKT) thssk 400 ns
S0/SBO output delay time (to SCKL) tosask1 0 ébo ns CMOS push-pull cutpul
{three-wire senal I/Q mode]
tosesk2 0 800 ns QOpen-drain output ISBI
model, RL = 1k
SBO high hold time (to SCKT) THSBSK 4 teyx SBl mode
SBO low setup time {to SCK!] tssesk 4 tovx
SB0 low-level width twsal 4 tevx
SBO high-level width twsan 4 tovx

Remarks 1. The values listed in the above table are obtained when fxx = 12 MHz and C. = 100 pF.
2. fcux indicates the internal system clock (fx or fxx divided by 2).
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Other Operations

Parameter Symbol Min. Max. Linit Conditions
CTIpO, CT110, CTI11 low-leve! width twere 4 L7
CTI00, CTI110, CTIN1 high-level width tweTh 4 tovx
CLR1 low-level width tweRTL 4 tovx Digital noise eliminator not used
40 tevx | Digital noise ICR.4 = 0 Note
80 tevx eliminator used | |pg 4 - { Note
CLR1 high-ievel width TWCRTH 4 tovx Digital noise eliminator not used
40 tevx Digital noise ICR.4 = o Note
80 tevx eliminator used ICR.4 = 1 Note
Digital noise | Removed pulse width twsep 32 tovx ICR.4 = O Note
eliminator Passed pulse width 40 tevx .
Removed pulse width 72 tova ICR.4 = 1 Note
Passed pulse width 80 ) terx
NMI low-level width twniL 10 us
NMI high-level width TWRIH 10 us
INTPO-INTP2 |ow-level width twniPL 4 Tevx
| INTPO-INTP2 high-fevel width i s ter
RESET low-level width TwhRSL 10 us ]
RESET high-level width twhsH 10 us

Note Bit 4 of the input control register {{CR}
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Parameter Symbol Calculation formula Min. Max. Unit
CLO cycle time tevel 333 2667 ns
CLO low-level width teiL tevel/2 £50 116 138 ns
CLO high-level width tom teve/2 50 116 138 ns
CLO rising time tein 50 ns
CLO failing time tolF 50 ns

Remark The values in the table are obtained when fxx = 12 MHz and C. = 100 pF.
External Clock Timing

Parameter Symbol Min. Max. Unit Conditions
X1 input fow-level width twx, 30 130 ns
X1 inpul high-teve!l width twxH 30 130 ns
X1 input rising time 1xR 0 30 ns
X1 input falling time 1xF 0 30 ns
X1 input cleck cycle time tevx 82 250 ns
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A/D CONVERTER CHARACTERISTICS {Ta = -10 to +70 °C, Voo = +5.0 V10 %, 3.8 V < AVrer < Voo, AVss = Ves = 0 V)

Parameter Symbol Min. Typ. Max. Unit Conditions
Resclution 8 bit
Total error 0.4 %% 4.0 V £ AVaer < Voo
0.8 % 3.8V < AVrer £ Voo
Quantization error +1/2 LSB
Conversion t1ime tcony 360 tovx 83 ns <tevx £ 125 ns
240 tevx 125 ns < tevx < 250 ns
Sampling time tsamp 72 tevx 83 ns <tevx < 125 ns
48 tevx 125 ns € tcvx £ 280 ns
Analog input voltage Vian -0.3 AVuer + 03 vV
Analog input impedance Ran 1060 MG
Reference voltage AVacr 38 Voo \Y
AVrer current Alrer 1.5 5.0 mA - Normal operation mode,
fxx = 12 MHz
l 0.7 i 1.5 mA STOP mode

DATA MEMORY LOW-VOLTAGE DATA RETENTION CHARACTERISTICS (Ta=-10to +70 °C)

Parameter Symbol Min, Typ. Max Unit Conditions
Data retention vollage Vooopa 20 ! 55 v STOP mode
Daia retention current loooA h i 1 10 LA Vooor = 2.0 WV
1!— 2 20 uA Vooor = 5V £10 %
T/T;a rising time {rvD 200 us
Voo falling time tevD 200 HS
STOP release signal input time 1oREL 0 ms
Low-leve! input voltage Vi 0 0.1Vou v Specified pins Note
High-level input veitage Vin 0.9Voo ‘L Voo

Note PinsRESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2, P24/CTI10, P25/CTI00, P26/CTI11, P27/CLR1,
P34/CLRO, P35/Si, P36/SO/SBO, P37/SCK, and EA
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AC Timing Test Points

Voo -1V

0BVooor2.2V Test 0.8Vopor22V
08V > points < 08V

045V

Timing Waveform

Read operation:

tewx

S S\ S S\ S
ol O | X

tbaz
toan
ADC-AD? —( ) ] ( ( x
K K ¥, X
THRID
tsasT THSTA TFAR
[———— tDRA ————
tosnie
ASTS \ / \
3 3
[ws ' —— +—— 105TA ——= InAs
10RID
~ wia, —————=
= s /

Write operation:

ot

NN\ S
AB-A15
P60-P63
1Daw
ADQC-AD7 —(
{Hwop
tostoo tsonwr

f 5 towon f \
twsth _— Fe—— towsT ——'

—Pel
-

[5a51 THSTA

ASTB

L

— DsTWw ——
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Serial Operation

Three-wire serial 1/O mode;

fwsky | lwwseH

S S A\

tsssk | | Lhssx
fersk I
10585K1
—
SO X )K Output data X

SBl Mode

Bus release signal transfer:

SCK
14585 —-l LTV T p—— twsBi f—— tssaSK

X X

Command signal transfer:

[s<, tevs<m
Sex T\_J—m_\—/—
ta545 15505+« i i [Crsk 1 | 455«
LDSAS< lssse
SBO 1 / X data X
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Super Timer Unit Input Timing

twemy

TwCTH
CTI00, CTIO 0.8Vuo
cTim ¢ 0.2Voo 1
1 TwCR1H tWCRIL
0.8Voo
CLR1
¢ 0.2Vop %

Interrupt Input Timing

ALY
0.8Vop
NMY
0.2Voo
|{RVINTTR Twwn P,
0.BVno
INTPQ-INTP2
0.2Voo 7

1

fwni

g,

1
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Reset Input Timing

TWASH | | twasL
. 0.8Voo
RESET
G.2Von

Clock Output Timing

et ———-——

0.8voo £
CLO /

08V A ¥
JEER R T r te.:
‘ (i
€8 {of]
External Clock Timing

fvx J—

0.8V £ y

X1 / \(
0.8Y 7 7

—— Pe— [xR —r I‘h

i twixt
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Data Retention Timing

Sets STOP mode.

-
—

Vooor

tDAEL

Tweat

thvD trvD tavD

ACSET \ /m \
NM| 0.8Voo
{Released by a falling edgel \

YOSV

08V
\

0.8Von L
NMI /
0.8V

(Released by a nsing edge! 7

e T
—_r—
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DC PROGRAMMING CHARACTERISTICS (Ta =25+ 5°C, Vi = 125 £0.5 V, Vss = 0 V)

Item Symbol ﬁthbOI Min. Typ. Max. Unit Condition
High-leve! input voltage Vin Vin 2.4 Voor+0.3 v
Low-level input voltage Vi Vi -0.3 0.8 v
input leakage current M tu 10 nA 0 £ VI £ Voor
High-level output voltage Vor Von 2.4 v lon = —400 pA
Low-level output voltage Vo VoL 0.45 lo. = 2.0 mA
Output leakage current lwa 10 LA 0 < Vo s Voor, OE = Vi
NMI pin high-voltage input lie 110 uA
current
Voor supply voltage Voor Vee 5.75 6.0 6.25 v Program memor\;.wrile mode
45 5.0 5.5 v Program memory read maode
Ver supply voltage Ve Ver 12.2 125 12.8 v Pragram memory write mode
Vrr = Vooe Y Program memory read mode
Voor supply current loe lee 5 30 mA Program memory write mode
5 30 mA Program memory read mode
CE = Vi, Vi = Vm
Vep supply current lpe lep 5 30 mA Pregram memory write mode
CE = Vi, OE = Vm
1 100 uA Program memory read mode

Note Symbols for the corresponding uPD27C256A
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AC PROGRAMMING CHARACTERISTICS
{Ta = 25 5 °C, Voo = 6.0 £0.25 V, Vie = 125 +0.5 V, Ver = 125 +0.3 V, Vss = 0 V)

Item Symbol| SYMPO! | min | Typ. | Max. | Unit Conditions
Address set up time to CEl Tsac las 2 Hs
OE.l delay time from data tpooo toes 2 HS
Input data setup time to CEL | tsioc tos 2 us
Address hold time to CET tnea Tan 2 us
Input data hold time to CET theiD tou 2 us
Output data hold time 1o OET | trooo toF 0 130 ns
\/pe setup time ta CEL tsves tves 1 ms
Voor setup time to CEl tsvoc tvos 1 ms 7
Initial program pulse width twis 1Pw 0.95 1.0 1.05 ms
Additional program pulse w2 topw 285 78.76 ms
width
TM\ high-voltage input setup tspc 2 us
time to CEL

Note Symbols for corresponding uPD27C256A

READ OPERATION
{Te = 25 +5 °C, Voo = 5.0 +0.5 V, Vip = 12,6 £0.5 V, Vpp = Voop, Vss = 0 V)

Item Symbol ﬁvmbOI Min. Typ. Max. Unit Conditions
. ote 1
Dataoutputtime from address | toaop Lacc 2 us CE = OF = vu
CEl— data output time tocoon tce 2 us OE = Vu
OEl— data output time tooon tae 1 us CE = Vu
Data hold time to OET or CET|  tucon tor 0 130 ns CE=ViorOE=Vu
Note 2
Data hold time 1o address thaod tom 0 ns CE = OF = Vu

Notes 1. Symbols for the corresponding uPD27C256A

2. tucop is the time measured from when either OE or CE reaches Vii, whichever is faster.
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One-Time PROM Write Mode Timing

4
Al14-AD >< Valid address
K
thca
tsac — troon
S ]
D7-D0 —< Data input >—< c?jttgut Data input
—— ekl
-— TSI0C — — [HCID thciD
Vie
4
PROG /
'
TspPC
Vs
Ve /
Voor
tswic
Vooe + 1 A i
VDD\' :
Vnor
tsung
Vi — 4 4y \ {__—_
Ce .
Vit . D000
fwi
1 1000
_ V\H ) ‘ 'lll
Ok
Vi

Cautions 1. Voor must be applied before Vep, and must be cut after Vep.

2. Vre including overshoot must not exceed +13 V.

One-Time PROM Read Mode Timing

ATa-A0 X Valid address X

Ot a
: THcoD
10000 —™

traop fot—

D7-DQ ============- AL < Data output >_>_____|—11-_Z ------
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7. PACKAGE DIMENSIONS

80 PIN PLASTIC QFP (14x20)

A
n 64 . 11
—]o° == —
— | T detail of Isad end
[—=v T
== ‘ T
=== T
—x == —
- —8= ol -
| m— = = |
| — T 4
[—= | e — o o
1] o) T o
—xI] | " = — wn
=EI':.80 25:E=
= i 24 43
G H EE |E|
K
} |
o 1
= =2
N L
. PBOGF-80-3B8-2
NOTE , ITEM| MILLIMETERS INCHES
Each lead centerling is located within 0.15
mr (0.006 inch) of its true position (T.P.) at A 23.60.4 0.9290.016
maximum material condition. B 20.0+0.2 0.795+2.008
c 14.0£0.2 0.561:3532
) 17.620.4 0.693x0.016
F 1.0 0.039
G 0.8 0.031
H 0.35+0.10 0.014°33%4
| 0.18 0.006
J 0.8({T.P.} 0.031 {T.P)
K 1.80.2 0.071:3:3%8
L 0.8x0.2 0.031*35%
M 0.15:308 0.006%5 803
N 0.15 0.006
P 2.7 0.106
Q 0.120.1 0.004£0.004
S 3.0 MAX. 0.119 MAX.
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x» B8OPIN LCC

cC

AnnnNOANRNANRANNNNOAL

wf

NOTE

Each lead centerline 1s located within .08 mm
{0.003 inch) of its true position {T.P.} at maxi-
mum material condition
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£ 0
= gnmmmmm[
] = ]
=] - ]
5 z =
= = =
E — X —_]
= =, -—— =
= - =
=] - —_
= =]
= - E
E -] =
= = =80
s Jr;* ale 00 ) j_t
HE[ 8]
-
X8OKW-80A
CITEM MILLIMETERS INCHES
A 200" 0.787%881
B 190 0.748
c 13.2 0520
D 142%°%° 0.559%°%"¢
E 164 0.065
F 214 0.084
G 4.064 MAX. 0 160 MAX
- H 0511016 002010004
| 0.08 0.003
J 0.8 (T.P) 0031 {TP)
K 1.0%%* 0.039°3888
Q Co5 0020
R 08 0.031
s 11 0.043
T R3.0 RO.118
u 120 0.472
W 0.75°? 0.0307888%
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8. RECOMMENDED SOLDERING CONDITIONS

The following conditions {see table below) must be met when soldering this product.
For the details of the recommended soldering conditions refer to our document “SMT MANUAL" (IEI-1207).

Please consuit with our sales offices in case other soldering process is used, or in case soldering is done
under different conditions.

Table 8-1 Soldering Conditions for Surface-Mount Devices

(PD78P138GF-3B9: 80-pin plastic QFP (14 mm x 20 mm excluding the dimensions of the pins}

Soldering process Soldering conditions ) Symbaol
Infrared ray Peak package’s surface tamperature: 230 °C IR30-162-1
reflow Reflow time: 30 seconds or less {at 210 "C or higher)

Number of reflow processes: 1
Exposure limit: 2 days Mot {16 hours of pre-baking is required at 125°C
afterward.)

VPS Peak package's surface temperature: 215°C VP15-162-1

Reflow time: 40 seconds or less (at 200 °C or higher}

Number of reflow processes: 1

Exposure limit; 2 days Not® {15 hours of pre-baking is required at 125 °C
afterward.)

Partial heating Terminal temperature: 300 °C or below
method Flow time: 3 seconds or less lone side per device}

Note Exposure limit before soldering after dry-pack package is opened.
Storage conditions: Temperature of 25 °C and maximum relative humidity at 65 % or less

Caution Do not apply more than a single process at once, except for “Partial heating method.”
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*x  APPENDIX DEVELOPMENT TOOLS

The following development tools are readily available for development of systermns using the uPD78P138.

IE-78130-R |E-78130-R is an in-circuit emulator which can be used for develeping and
debugging application systems for uPD78P138. This emulator is connected to
the host machine or console when debugging is performed. The cennection of
the emulator to the host machine enables symbolic debugging and file transfer

@ between the emulator and the host machine for enhancement of debugging
; efficiency. 1E-78130-R has the Centronics interface in addit:ion to two channets
?, of the RS-232-C serial interfaces, so that it can be connected to the PROM
T pregrammer such as PG-1500.

EP-78130GF-R EP-78130GF-R is an emulation probe for connecting the |[E-78130-R to a target
system,

PA-78P138GF PA-78P138GF and PA-78P138K are socket adaptess for writing a program into

PA-78P138K uPD78P138GF/K using PG-1500.

LE-78130-R control program ]

LE-controller) Host machinc Lo-- Part number

-controtier oS Distribution media
: ™
PC.9800 series MS-DOS §-inch 2HD LSSAT0IE78130
("Ver.3.10 10
\_ Ver. 3.30C 3.5-nch 2HD HS5A13IE78130
IBM PC series PC DOS™ 5-inch 2HC uS7B1GIETE130
/Ver.3.1t0)
|
Q
2 \ Ver.33
E_
& RAT8K/I relocatable assembler
Host machine Part number
as Distribution media
PC-9800 series MS-DOS ;
5-inch 2HD S5AT0RATEK1
|/Ver. 310t N0 HSs
w Ver.3.30C /| 35.nch 2HD uS5AT3RA78K]
IBM PC series PC DOS 5-inch 2HC uS7B10RATEK
‘/Ver. 3.1 lo\\l
| Ver. 3.3 J I

Remark |E-controller and assembler operations are guaranteed only on the host machine and by the OS

mentioned above.
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Console

b
N

AN
AN
~

N
RS-232-C N
~

A

In-circuit emulator

Emulation probe

EP-78130GF-R

[

Product containing
PROM

N
LY
Host machine IE con- g R§-232-F4.. {E-78130-R
(PC—SSOO series) troller
IBM PC series
O
0
|
|
| . .
PROM ! R5-232-C
programmer *
o
0 PG-1500
Relocatable PA-78P13BGF
assembler
PA-78P138K

- When the in-circuit emulator is connected to the host machine

: When the in-circuit emulator is connected to the console so that

it is used as a stand-alone emulator.

uPD78P138GF-3BS

4:PD78P138K

Remark PA-78P138 can be directly connected to the PG-2000 when the PG-2000 is used.

Target system

s|oo} juswdojeaep jo uoneinbyuo)

»

DHN

8cLd8Lad"
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Cautions on CMOS Devices

(D) Countermeasures against static electricity for alil MOSs
Caution When handling MOS devices, take care so that they are not electrostatically charged.
Strong static electricity may cause dielectric breakdown in gates. When transporting or
storing MOS devices, use conductive trays, magazine cases, shock absorbers, or metal
cases that NEC uses for packaging and shipping. Be sure to ground MOS devices during
assembling. Do not allow MOS devices to stand on plastic plates or do not touch pins.
Also handle boards on which MOS devices are mounted in the same way,

@ CMOS-specific handling of unused input pins
Caution Hold CMOS devices at a fixed input level.

Unlike bipolar or NMOS devices, if a CMOS device is operated with no input, an
intermediate-level input may be caused by noise. This allows current to flow in the CMOS
device, resulting in a malfunction. Use a pull-up or pull-down resistor to hold a fixed input
level. Since unused pins may functicn as output pins at unexpected times, each unused
pin should be separately connected to the Voo or GND pin through a resistor.

If bandling of unused pins is documented, follow the instructions in the document.

(@) Statuses of all MOS devices at initialization
Caution The initial status of a MOS device is unpredictable when power is turned on.
Since characteristics of a MOS device are determined by the amount of ions implanted
in molecules, the initial status cannot be determined in the manufacture process. NEC
has no responsibility for the output statuses of pins, input and output seitings, and the
contents of registers at power on. However, NEC assures operation after reset and items i
for mode setting if they are defined.

When you turn on a device having a reset function, be sure to reset the device first.
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We recommend to refer to the following separate manual provided for this product.
. puPD78138 USER'S MANUAL (Document No.: |EU-1324)

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.
NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third partieé by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.
The devices listed in this document are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor control systems and life support systems. |f customers intend to use NEC devices for above applications
or they intend to use “Standard* quality grade NEC devices for applications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication equipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special:  Automotive and Transportation equipment, Traffic control systems, Antidisaster systems, Anticrime
systems, etc.
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MS-DOS™ is a trademark ol Microsoft Corporation.
PC DOS™ s a trademark of IBM Corporation.




