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NEC / MOS INTEGRATED CIRCUIT

uPD78P238

8 BIT SINGLE-CHIP MICROCOMPUTER

The uPD78P238is an 8-bit single-chip microcomputer produced by replacingthe maskROM inthe uPD78238
with one-time PROM or EPROM. Since a user program can be written on the one-time PROM or EPROM, this
microcomputer is suitable for the evaluation of the system to be developed and small production.

The following user’'s manual describes the details of the functions of the uPD78P238. Be sure to read it
before designing an application system.

UPD78234 Series User’'s Manual, Hardware: [EU-718

78K/l Series User's Manual, Instruction : IEU-754

FEATURES

* Compatible with the uPD78234 or the uPD78238

* Built-in EPROM
- uPD78P238KF : Reprogrammable (suitable for system evaluation)
» uPD78P238GC/GJ/LQ: Programmable only once (suitable for small production)
+ QTOP™ microcomputer

Remark The QTOP microcomputer is a single-chip microcomputer with a built-in one-time PROM that is *
totally supported by NEC. The supportincludes writing application programs, marking, screening,
and verification.

ORDERING INFORMATION

Part number Package Internal ROM

uPD78P238GC-3B9 80-pin plastic QFP (14 x 14 mm) One-time PROM

1PD78P238GC-xxx-3B9  80-pin plastic QFP (14 x 14 mm) One-time PROM (QTOP microcomputer) *
uPD78P238GJ-5BG 94-pin plastic QFP (20 x 20 mm) One-time PROM

1PD78P238GJ-xxx-5BG  94-pin plastic QFP {20 x 20 mm) One-time PROM (QTOP microcomputer) *
HPD78P238LQ 84-pin plastic QFJ (1150 x 1150 mil} One-time PROM

uUPD78P238LQ-xxx 84-pin plastic QFJ (1150 x 1150 mil} One-time PROM {QTOP microcomputer) *
uPD78P238KF 94-pin ceramic WQFN (20 x 20 mm) EPROM

Remark xxx: ROM code number
QUALITY GRADE
Standard

Please refer to Quality Grades on NEC Semiconductor Devices (Document number 1EI-1209) published by NEC Cor-

poration to know the specification of quality grade on the devices and its recommended applications.

In this document, the word “PROM” refers to both one-time PROM and EPROM.

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

Document No. 16—2607B Major changes in this revision are indicated by stars (X) in the margins.
(0.D.No. 1C—8030B)
Date Published January 1994 P © NEC Corporation 1991

Printed in Japan



The following are contained:
A/D converter
D/A converter
The PWM output function is
added.
The macro service and timer/
counter are enhanced.
The comparator is removed.

uPD78224 series

The A/D converter is contained.
The timer/counter and baud rated
generator function are enhanced.
The comparator is removed.

DIAGRAM OF 78K/il PRODUCT DEVELOPMENT
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uPD78244 series

The D/A converter

is contained.

The PWM output EEPROM is added.
function is added. The macro service and
The macro service timer/counter are

and timer/counter enhanced.

are enhanced.

The internal memory
is expanded.
uPD78214 series The macro service and
timer/counter are
enhanced.

UPD78218A series
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FUNCTIONS

Item

Function

Number of basic instructions
{mnemonics)

65

Minimum instruction execu-

333 ns {at 12 MHz)

tion time
Internal memory size | PROM | 32K bytes
RAM 1024 bytes
Address space 1M bytes
Number of I/O pins Input ports ;16 Pull-up resistor provided
110 ports : 36 } {to be specified by software): 42 inputs
LED operable : 24 outputs
Transistor operable: 8 outputs
Qutput ports : 12

General register

8 bits x 8 x 4 banks (memory mapping)

Timer/counter

16-bit timer/counter Pulse output possible
) Capture register x 1 PWM/PPG output

Timer register x 1 [Toggled output }
Compare register x 2 One-shot pulse output

8-bit timer/counter 1 Pulse output possible

Timer register x 1 (Real-time output:
Capture/compare register x 1 4 bits x 2 )
Compare register x 1

4

8-bit timer/counter 2 Pulse output possible
Timer register x 1 (Toggled output

{Capture register x 1 PWM/PPG output]
Compare register x 2

8-bit timer/counter 3
{Timer register x 1
Compare register x 1

PWM output function

12-bit resolution x 2 channels

Serial interface

UART : 1 channel (baud rate generator contained)
Clock synchronous serial 1/O : 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Interrupt function

19 sources {external: 7, internal: 12) and BRK instruction

2 priority levels (programmable)

Two types of interrupt processing modes (vectored interrupt function and macro
service function)

Instruction set

16-bit arithmetic/logical instructions

Multiply/divide instructions (8 bits x 8 bits, 16 bits + 8 bits)
Bit manipulation instructions

BCD correction instructions, etc.

Package

94-pin ceramic WQFN (20 x 20 mm)
80-pin plastic QFP (14 x 14 mm)
94-pin plastic QFP (20 x 20 mm)
84-pin plastic QFJ (1150 x 1150 mil}
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PIN CONFIGURATION (TOP VIEW)

(1) Normal operation mode

80-pin plastic QFP (14 x 14 mm)
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WQFN (20 x 20 mm)

94.-pin plastic QFP (20 x 20 mm)
-pin ceramic
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NEC uPD78P238
84-pin plastic QFJ (1150 x 1150 mil)
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P00-PO7
P10-P17
P20-P27
P30-P37
P40-P47
P50-P57
P60-P67
P70-P77
TO0-TO3
(o]

RxD

TxD

SCK
ASCK
SBO

Si

SO
PWMO, PWM1:
NMi
INTPO-INTP5
ADO-AD7

i Port 0

: Port 1

: Port 2

:Port 3

:Port 4

:Portb

: Port 6

: Port7

: Timer output
: Clock input

: Receive data
: Transmit data
: Serial clock

: Asynchronous serial clock
: Serial bus

: Serial input

: Serial output

Pulse width modulation output

: Non-maskable interrupt
: Interrupt from peripherals
: Address/data bus

A8-A19
RD

WR

WAIT

ASTB
REFRQ
RESET

X1, X2
MODE
ANIO-ANI7
ANOO, ANO1

AVop
AVss
Voo
Vss
NC

: Address bus

: Read strobe

: Write strobe

: Wait

: Address strobe
: Refresh request
: Reset

: Crystal

: Mode

: Analog input

: Analog output
AVRer1-AVrers :

Reference voltage

: Analog power supply
: Analog ground

: Power supply

: Ground

: No connection
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(2) PROM programming mode
80-pin plastic QFP ( 14 x 14 mm)
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Caution L
Vss : To be connected to the ground.
Open : Nothing should be connected on these pins.

RESET : Set a low-level input.

: Connect these pins separately to the Vss pins through pull-down resistors.
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94-pin plastic QFP (20 x 20 mm}
94-pin ceramic WQFN (20 x 20 mm})

Open
} Open

SF—O0Vss

3
>

i

} Vss

SF—OO0pen
IJF——O0Vss

/ 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 757473 -
(L){o—— 1 70——0
O—2 69F——0Ot Open
Oo——3 68—0
Open o—4 67——0
O——15 66 —O}v
o—-¢ 65—o0] """
RESETO— 7 - 64pF—0O (L)
Voo O—— 8 T VT 63| —o0
OpenO—— 9 99% 62H—0
wo—-10 333 61 |—o0
w%@“_” 888 60[——0
o—12 F00 59 |0 {Open
OpenO——13 X & 58 |——0
AOO—>| 14 S 3 57}——0
A1O—>{15 a 56 f—0
A20—>»} 16 o 55 F——0
AZO—>{17 54 ———O Ver
AMO—>{18 53 |—0 Open
ASO——» 19 52 ——O}VSS
A8 O~———=]20 51 ——0
Open O———— 21 50 F——0 Open
A7O—»{22 49 |«—>0 D0
Open 2324 25262728233031323334353637383940414243444546 Z}'? D1
ST — §33I25VC-252 5588388
8 : = § <<IgII<g 8
Caution L : Connect these pins separately to the Vss pins through pull-down resistors.
Vss : To be connected to the ground.

Open : Nothing should be connected on these pins.
RESET: Set a low-level input.
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84-pin plastic QFJ {1150 x 1150 mil)
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Caution L : Connect these pins separately to the Vss pins through pull-down resistors.
Vss : To be connected to the ground.

Open : Nothing should be connected on these pins.
RESET: Set a low-level input.

Vep : Programming power supply CE : Chip enable
RESET : Reset OE: Output enable
AO0-A14: Address bus Voo: Power supply
D0-D7 : Data bus Vss: Ground
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EXAMPLE OF SYSTEM CONFIGURATION (LASER BEAM PRINTER)
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INTERNAL BLOCK DIAGRAM
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1. DIFFERENCES BETWEEN THE uPD78P238 AND 1:PD78234/uPD78238

The uPD78P238 is produced by replacing the mask ROM in the uPD78238 with PROM on which data can
be written. The functions of the yPD78P238 are the same as those of the uPD78238 except for the PROM
specification such as writing and verification, and except that a ROM-less operation cannot be performed.
Setting the internal memory select register (IMS) allows the PROM specification and the functions, except for
the ROM-less operation, of the uPD78P238 to be the same as those of the uPD78234. Table 1-1 shows the
differences between these products.

For the details of the CPU function and built-in hardware, refer to uPD78234 User’s Manual, Hardware or
other manuals.

Table 1-1 Differences between the uPD78P238 and uPD78234/:PD78238

ltem HPD78P238 uPD78238 upPD78234

internal program 32K-byte PROM 32K-byte mask ROM 16K-byte mask ROM
memory 16K bytes can also be
selected by the IMS register.

Built-in RAM 1024 bytes: 1024 bytes 640 bytes
640 bytes can also be
selected by the IMS register.

ROM-less operation Impossible Possible by setting the MODE pin to high.

Package 80-pin plastic QFP {14 x 14 mm)
94-pin plastic QFP (20 x 20 mm)
84-pin plastic QFJ (1150 x 1150 mil}
94-pin ceramic WQFN
(20 x 20 mm)
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2. PIN FUNCTIONS

2.1 PORT PINS
Pin /0 Dual-function Function
P00-PO7 0 - Port 0 (PO):
Functions as a real-time output port (4 bits x 2).
Can drive a transistor.
Inputs and outputs can be specified bit by bit.
P11 PWM1 The use of the pull-up resistors can be specified by software for the
pins in the input mode together.
P12-P17 - Can drive LED.
P20 ] NMmi Port 2 (P2):
P21 INTPO P20 does not function as a general port (nonmaskable interrupt).
However, the input level can be checked in an interrupt service
P22 INTP1 routine.
P23 INTP2/CI The use of the pull-up resistors can be specified by software for pins
P24 INTP3 P22 to P27 {in units of 6 bits).
P25 INTP4/ASCK
P26 INTPS
P27 Si
P30 /0 RxD Port 3 (P3):
P31 TxD Inputs and outputs can be specified bit by bit.
— The use of the pull-up resistors can be specified by software for the
P32 SCK pins in the input mode together.
P33 S0/SBo
P34-P37 TO0-TO3
P40-P47 110 ADO0-AD7 Port 4 (P4): Can drive LED.
Inputs and outputs can be specified in units of 8 bits.
The use of the pull-up resistors can be specified by
software in units of 8 bits.
P50-P57 110 A8-A15 Port 5 (P5):
inputs and outputs can be specified bit by bit.
The use of the pull-up resistors can be specified by
software for the pins in the input mode together.
P60-P63 (0] A16-A19 Port 6 (P6):
P64 /O RD Inputs and outputs can be specified for P64-P67 bit by bit.
—— The use of the pull-up resistors can be specified by software for pins
P65 WR P64 to P67 in the input mode together.
P66 WAIT
P67 REFRQ
P70-P77 | ANIO-ANI7 Port 7 (P7)
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2.2 NON-PORT PINS

Pin /0 Function Dual-function
TOO0-TO3 o} Timer output P34-P37
Cl | Input of a count clock for an 8-bit timer/counter 2 P23/INTP2
RxD | Serial data input (UART) P30
TxD (o] Serial data output (UART) P31
ASCK | Baud rate clock input {UART) P25/INTPA
SBO 110 Serial data /0O (SBl) P33/S0
Y| | Serial data input {three-wire serial I/O) P27
SO 0 Serial data output {three-wire serial 1/0) P33/S80
SCK o) Serial clock I/O (SBI, three-wire serial 1/0) P32
NMI ! External interrupt request P20
INTPO P21
INTP1 P22
INTP2 P23/Cl
INTP3 P24
INTP4 P25/ASCK
INTP5 P26
ADO-AD7 110 Time multiplexing address/data bus P40-P47

{for connecting external memory)
A8-A15 0 High-order address bus {for connecting external memory) P50-P57
A16-A19 (0] High-order address bus during address expansion P60-P63
(for connecting external memory)
RD o} Strobe signal output for reading the contents of external memory P64
WR 0 Strobe signal output for writing on external memory P65
WAIT 1 Wait signal insertion P66
ASTB (o} Latch timing output of time multiplexing address (A0-A7) -
(for connecting external memory}
REFRQ 0 Refresh pulse output to external pseudostatic memory P67
RESET l Chip reset -
X1 I Crystal input for system clock generation -
X2 _ (A clock pulse can also be input to the X1 pin.)
MODE | Specification of PROM operation -
Normally, low-level input
ANI0-ANI7 | Analog voltage inputs for the A/D converter P70-P77
ANOO, ANO1 0 Analog voltage outputs for the D/A converter -
AVrerr - Application of A/D converter reference voltage -
AVrerz, AVrera Application of D/A converter reference voltage
AVoo Positive power supply for the A/D converter
AVss Ground for the A/D converter
Voo Positive power supply
Vss Ground
NC Not connected internally

16
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2.3 PROM PROGRAMMING MODE (Ver 2 5 V, RESET = L}

2.3.1 List of Pin Functions

Pin /0 Function

Vep - Setting the uPD78P238 to the PROM programming mode:
High-voltage apply pin for writing or verifying a program

RESET | PROM programming mode

AOD - A14 Address bus

Do - D7 /0 Data bus

CE | PROM enable input or program pulse input

OE Read strobe input to PROM

Voo - Positive power supply

Vss Ground

17
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2.3.2 Pin Functions

(1) Vep (Programming power supply): Input
Input pin for setting the uPD78P238 to the PROM programming mode. When the input voltage on this
pin is 5 V or more and when RESET input goes low, the uPD78P238 the PROM programming mode.
When CE is made low for Ver = 12.5 V and OF = high, program data on D0 to D7 can be written into the
internal PROM cell selected by A0 to A14,

{2) RESET: Input
input pin for setting the uPD78P238 to the PROM programming mode. When input on this pin is low, and
when the input voltage on the Ver pin goes 5 V or more, the uPD78P238 enters the PROM programming
mode.

(3} A0 to A14 (Address bus): Input
Address bus that selects an internal PROM address (0000H to 7FFFH)

{4) DO to D7 (Data bus): 1/O
Data bus through which a program is written on or read from internal PROM

(5) CE {Chip enable): Input
This pininputs the enable signal from internal PROM. When this signal is active, a program can be written
or read.

(6) OE (Output enable): Input
This pin inputs the read strobe signal to internal PROM. When this signal is made active for CE = low,
a one-byte program in the internal PROM cell selected A0 to A14 can be read onto DO to D7.

(7) Voo
Positive power supply pin

(8) Vss
Ground potential pin

18
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2.4 MEMORY MAPPING IN THE uPD78P238

The uPD78P238 contains 32K-byte PROM and 1024-byte RAM. It differs a little in memory mapping from
the uPD78234. To eliminate the difference, the uPD78P238 is provided with the memory-size change function
to make part of internal memory unused by software. '

A memory-size change register (IMS) is used to change the size of memory. To map memory into the
uPD78P238 in the same way as the uPD78234, be sure to write on this register immediately after resetting the

uPD78P238.

Writing on the IMS register is enabled by an 8-bit manipulation instruction. Fig. 2-1 shows the format of

the register.

RESET input changes the size of memory in the uPD78P238 to FFH (the same size of memory as that in the

1PD78238).

IMS

Fig. 2-1 Memory-Size Change Register (IMS)

7 6 5 4 3 2 1 0
IMS7 | IMS6 | IMS5 | IMS4 | IMS3 | IMS2 | IMS1 | IMSO
l I I | | l l I
IMSO0-7 Memory size
FFH Same as the £PD78238
DDH Same as the uPD78234

Caution The uPD78234 and uPD78238 are not provided with this register. However, the write instruction
to the register does not influence their operations.

19



NEC LPD78P238

3. PROGRAMMING IN THE 4PD78P238

The program memory in the uPD78P238 is an electrically writable PROM of 32768 x 8 bits. Use the MODE/
Ver and RESET pins to set the 1PD78P238 to the PROM programming mode when programming on the PROM.
Other unused pins are handled as shown in pin configuration (2).

The uPD78P238 provides programming characteristics compatibility with the uPD27C256ANote,

Note The uPD27C256A is not provided with the 100-us program-pulse mode.

3.1 OPERATING MODE

When 5 V or more is applied to the MODE/Ver pin and when a low-level pulse is applied to the RESET pin,
the uPD78P238 enters the PROM programming mode. This mode varies to each operating mode shown in
Table 3-1 according to how to set the CE and OE pins.

Setting the uPD78P238 to the read mode enables it to read the contents of PROM.

Table 3-1 Operating Modes for Programming on PROM

Mode Pin RESET MODE/NVer Voo DO to D7

Program write L +125V +6V Data input

Program verify Data output

Program inhibit High impedance

Read +8YV +HV

Data output

Output disable High impedance

Standby

z|rir-lx(x|{ |8
Slx|r|x|{-x]8l

High impedance

Caution Do not set both CE and OE to L when MODE/V¢r is set to +12.5 V and Voo to +6 V.
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3.2 PROCEDURE FOR WRITING ON PROM
The following is a procedure for writing on PROM. Data can be written at high speed.

(1)  Always set the RESET pin to low. Apply +5 V to the MODE/Vee pin. Connect other unused pins as shown
in pin configuration (2).

{2) Apply +6 V to the Voo pin and +12.5 V to the MODE/Vep pin.

(3) Set an initial address.

{4) Input write data.

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

(6) 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).

(7) Assume the device to be defective and stop write operation.

{8) Inputwrite data andaprogram pulse of (number of times steps (4) to (6) were repeated)} x 3ms (additional
writing).

{9) Increment the address.

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

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

Fig. 3-1 PROM Write/Verify Timing Chart

These steps are repeated X times until
data is correctly written. (X < 25)

A

e Wirite Verify Additional write —
A
AD-A14 Address input
4F
Hi-Z i Hi-Z 4 Hi-Z Hi-Z
DO—D7 ------ -------- ---68‘-‘< Data inDUt >- --------
output

+125V
MODENee
Voo

Voo

E {input)

OE (input) \ /

gw
ﬂ

hoy
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Fig. 3-2 Flowchart of Procedure for Writing

(1) ( Start writing )

!

(2} Apply power
L

(3) Set an initial address

(4) Input write data
!

{5) Input a program pulse

(6)
Wirite failed up to 24 times Write failed 25 times

Verify mode

Wirite succeeded

{8) Perform additional writing X: Number of repeated
{3X-ms pulse) write operations
9) Increment the address

< Last address

Last address

> Last address {7) |

( Wirite completed ) ( Defective device )
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3.3 PROCEDURE FOR READING FROM PROM
The contents of PROM can be read out to the external data bus (D0 to D7) in the following steps:
(1} Always set the RESET pinto low. Apply +5 V to the MODE/Vee pin. Connect other unused pins as shown
in pin configuration (2).
(2) Apply +5 V to the Voo and Vep 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 D0 to D7 pins.

Fig. 3-3 is a timing chart of these steps (2} to (b).

Fig. 3-3 PROM Read Timing Chart

AO-A14 >< Address input ><

E {input)

OE (input) \ /
Hi-Z Hi-Z
D0-D7  wemuccsscssserscsscsseaa.. Dataoutput ~  Jre===emcmcaea

;
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4. ERASURE CHARACTERISTICS ONLY FOR THE uPD78P238KF

The programmed data (FFH) of the uPD78P238KF can be erased by exposure to light with a wavelength
less than approx. 400 nm,

To erase the contents of program memory in the uPD78P238KF, expose the erasure window to ultraviolet
light with the wavelength of 254 nm. The amount of light required to completely erase the contents of program
memory is a minimum of 15 W-s/cm? (intensity of ultraviolet light x erasing time). It takes about 15 to 20
minutes to expose the erasure window to a 12,000 uW/cm? 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
uPD78P238KF should be placed less than 2.5 cm from the ultraviolet lamp during erasure. In addition, if a
filter is attached to the ultraviolet lamp, remove the filter before erasure.

5. PROTECTIVE FILM COVERING THE ERASURE WINDOW ONLY FOR THE uPD78P238KF

The erasure window should be covered with a protective film when not erasing the contents of EPROM
to prevent erroneously erasing the contents of memory by exposure to light other than that of the lamp for
erasing the contents of the EPROM, and to preventinternal circuits other than the EPROM from malfunctioning
due to the light.

6. SCREENING ONE-TIME PROM PRODUCTS

NEC cannot execute a complete test of one-time PROM products (uPD78P238GC-3B9, uPD78P238GJ-5BG,
and uPD78P238LQ) due to their structure before shipment. it is recommended that you screen {verify) PROM
products after writing necessary data into them and storing them at 125 °C for 24 hours.

NEC offers a charged service called QTOP microcomputer service. This service includes writing to one-
time PROM, marking, screening, and verification.

Ask your sales representative for details.
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7. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta =25 °C)

Parameter Symbol Conditions Rating Unit
Supply voltage Voo -0.5to +7.0
AVoo AVss to Voo +0.5 \
AVss -0.5to +0.5 \
Input voltage Vi -0.5 to Voo +0.5 \
Vi2 MODE/Ner and P21/INTPO/AS pins -0.5to +13.56 Vv
in the PROM programming mode
Output voltage Vo -0.5 to Voo +0.5 \
Low-level output current loL 1 pin 16 mA
Total of all output pins 100 mA
High-level output current lon 1 pin -10 mA
Total of all output pins -50 mA
A/D converter reference AVrer1 -0.5 to Voo +0.3 v
input voltage
D/A converter reference AVrer2 -0.5 to Voo +0.3 \
input voltage AVrera -0.5 to Voo +0.3 A
Operating temperature Topt -40 to +85 °C
Storage temperature Tstg -85 to +150 °C

Caution Absolute maximum ratings are rated values beyond which some physical damages may be

caused to the product; if any of the parameters in the table above exceeds its rated value even

for a moment, the quality of the product may deteriorate. Be sure to use the product within the

rated values.

OPERATING CONDITIONS

Clock frequency

Operating temperature (Topt)

Supply voltage (Voo)

4 MHz < fxx £ 12 MHz -40 to +85 °C +5.0V +£10 %
CAPACITANCE (Ta = 25 °C, Vob = Vss = 0 V)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input capacitance Ci f=1MHz 20 pF
Output capacitance Co O.V on pins other than measured 20 oF
pins
1/0 capacitance Cio 20 pF
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OSCILLATOR CHARACTERISTICS (Ts =-401t0 +85 °C, Vobo = +5 V £10 %, Vss = 0 V)

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

Vss X1 X2
| i
; |
: C1 c2
| ,L'_T :
' 1
' ]
(. I
' 1
e !
nr
External clock X1 input frequency {fx) 4 12 MHz
X1 X2
X1 input rising and falling 0 30 ns
D times (txr, txr)
HCMOS X1 input high-level and low- 30 130 ns
inverter level widths (twxu, twxt)
Caution When the clock oscillator is used, conform to the following guidelines when wiring at the

26

portions surrounded by dotted lines in the figure above to eliminate the influence of the wiring
capacity.

* The wiring must be as short as possible.

« Other signal lines must not run in these areas.

» Any line carrying a high fluctuating current must be kept away as far as possible.

« The grounding point of the capacitor of the oscillator must have the same potential as that
of Vss. It must not be grounded to ground patterns carrying a large current.

« No signal must be taken from the oscillator.
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DC CHARACTERISTICS (Ta=-40to +85 C, Vob = AVoo = +5 V £10 %, Vss = AVss = 0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Low-level input voltage Vi 0 0.8 v ;
High-level input voltage Vit Pins other than those shown in Note 1 2.2 Voo \

Vinz Pins shown in Note 1 0.8Voo Voo \

Low-level output voltage Vout lot = 2.0 mA 0.45 \
Vouz loL = 8.0 mA Note 2 1.0 \'

High-level output voltage Vou1 fon = -1.0 mA Voo - 1.0 Vv
Von2 low = ~100 pA Voo - 0.5 \

Vons lon = -5.0 mA Note 3 2.0 v

X1 low-leve! input current i ovVsVisVi -100 HA
X1 high-level input current I Vinz £ Vi £ Voo 100 LA
Input leakage current fu 0V <VigVoo +10 BA
Output leakage current ILo 0V < Vo< Voo +10 HA
Voo supply current lop1 Operating mode, fxx = 12 MHz 20 40 mA
lop2 HALT mode, fxx = 12 MHz 7 20 mA

Data retention voltage Vooor STOP mode 25 5.5 \
Data retention current looor STOP mode Vooor = 2.5 V 10 HA
Vooor = 5 V+10 % 20 HA

Pull-up resistor Ru Vi=0V 15 40 80 kQ

Notes 1. Pins X1, X2, RESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2/Cl, P24/INTP3, P25/INTP4/ASCK,
P26/INTP5, P27/Sl, P32/SCK, P33/SO/SB0, and MODE
2. Pins P10-P17, P40/ADO0-P47/AD7, and P50/A8-P57/A15
3. Pins P00-P07
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AC CHARACTERISTICS (Ta=-40to +85 °C, Voo = AVbp= +5 V £10 %, Vss = AVss = 0 V)

Read/write operation (1/2)

Parameter Symbol Conditions Min. Max. Unit
X1 input clock cycle time tevx 82 250 ns
Address setup time tsast* 52 ns
(referred to ASTBI)
Address hold time tHsTA 25 ns
(referred to ASTBJ)Note
Address hold_time tHRA 30 ns
(referred to RDT)
Address hold time thwa 30 ns
(referred to WRT)
Delay from address to RDJ toan* 129 ns
Address float time tran® 11 ns
(referred to RDJ)
Delay from address to data input toain* The number of wait cycles = 0 228 ns
Delay from ASTBI to data input | tostio* The number of wait cycles = 0 181 ns
Delay from RD! to data input torip* The number of wait cycles = 0 99 ns
Delay from ASTB! to RD{ tosta* 52 ns
Data hold time tHRID 0 ns
{referred to RDT)
Delay from RDT to address active | tora* 124 ns
Delay from RDT to ASTBT toRst* 124 ns
RD low-level width twaL* The number of wait cycles = 0 124 ns
ASTB high-level width twsTH* 52 ns
Delay from address to WR{ toaw* 129 ns
Delay from ASTB! to data output | tostop* 142 ns
Delay from WR{ to data output | towoo 60 ns
Delay from ASTB! to WR{ tostwi* When refresh is inhibited 52 ns
tostwz* When refresh is allowed 129 ns
Data setup ﬁ_"f tsoown* The number of wait cycles = 0 146 ns
{referred to WRT)
Data setup time tsoowr* When refresh is allowed 22 ns
(referred to WR{)
Data hold time trwob 20 ns
(referred to WRT) Note
Delay from WRT to ASTBT towsT* 42 ns

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

RuL = 2 kQ.

Remarks 1. The values listed in the above table are obtained when fxx = 12 MHz and C. = 100 pF.
2. Seetcvx-dependentbus timing definition for additional information aboutthe parameters with

an asterisk in the symbol column.
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Read/write operation (2/2)

Parameter Symbol Conditions Min. Max. Unit

WR low-level width ' twai* | When refresh is inhibited 196 ns
The number of wait cycles = 0

twwiz* When refresh is allowed 114 ns
The number of wait cycles = 0

Delay from address to WAITL input | toawr* 1486 ns
Delay from ASTB to WAIT! input tosTwr* 84 ns
Hold time from ASTB. to WAIT tHsTwT* The number of external cycles = 1 174 ns
Delay from ASTBL to WAITT tostwri* | The number of external cycles = 1 273 ns
Delay from RDL to WAIT! input | toswr* 22 ns
Hold time from RDJ to WAIT tHRWT® The number of external cycles = 1 87 ns
Delay from RD! to WAITT torwTH* The number of external cycles = 1 186 ns
Delay from WAITT to data input | towrio* 62 ns
Delay from WAITT to WRT towtw* 154 ns
Delay from WAITT to RDT towtR* 72 ns
Delay from WR{ to WAIT input towwrL* 22 ns

{(when refresh is inhibited)

Hold time from | When refresh | trwwr* The number of external cycles = 1 87 ns
WRI to WAIT | is inhibited

When refresh | thwwr2* The number of external cycles = 1 5 ns
is allowed
Delay from When refresh | towwrm* | The number of external cycles = 1 186 ns

WRI to WAITT | is inhibited

When refresh | towwri2* | The number of external cycles = 1 104 ns
is allowed
Delay from RDT to REFRQL toRrFa® 154 ns
Delay from WRT to REFRQ! towrra* 72 ns
REFRQ low-level width twaraL® 120 ns
Delay from REFRQT to ASTBT torrasT* 280 ns

Remarks 1. The values listed in the above table are obtained when fxx = 12 MHz and CL = 100 pF.
2. Seetcvx-dependent bus timing definition for additional information about the parameters with
an asterisk in the symbol column.
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Serial operation

Parameter Symbol Conditions Min. Max. Unit
Serial clock cycle time tevsk Input | External clock 1.0 us
Output | Internal clock divided by 16 1.3 us
Internal clock divided by 64 5.3 us
Serial clock low-level width twsku Input | External clock 420 ns
Output | Internal clock divided by 16 556 ns
Internal clock divided by 64 25 us
Serial clock high-level width twskH input | External clock 420 ns
Output | Internal clock divided by 16 556 ns
Internal clock divided by 64 2.5 us
Sl, SBo setugtﬁne tsssk 150 ns
(referred to SCKT)
Si, SBO hold_{iﬂze tHssk 400 ns
{referred to SCKT)
S0/SBO outgidelay time tosesk CMOS push-pull output 0 300 ns
{referred to SCK{) {three-wire serial /O mode)
tosask2 Open-drain output (SBI mode), 0 800 ns
RL=1kQ
SBO high hold time tHsssk SBI mode 4 tevx

{referred to SCKT)

SBO low setup time tssask 4 tevx
(referred to SCK!)

SB0 low-leve! width twsal 4 tevx

SBO high-fevel width twssH 4 tevx

Remark The values listed in the above table are obtained when fxx = 12 MHz and C. = 100 pF.
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Other operations
Parameter Symbol Conditions Min. Max. Unit
NMI low-level width twhiL 10 us
NMI high-level width twNIH 10 us
INTPO-INTPS low-level width | twm 24 tevx
INTPO-INTPS high-level width | twith 24 teyx
RESET low-level width twasL 10 uS
RESET high-level width twasH 10 us
External clock timing
Parameter Symbol Conditions Min. Max. Unit
X1 input low-level width twxi 30 130 ns
X1 input high-level width twxn 30 130 ns
X1 input rising time txa 0 30 ns
X1 input falling time txF 0 30 ns
X1 input clock cycle time tovx 82 250 ns

A/D CONVERTER CHARACTERISTICS (Ta = -40 to +85 °C, Voo = AVop = +5 V £10 %, Vss = AVss = 0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Resolution 8 bit
Total error Note 1 4.0 V < AVaers £ AVop 0.4 %

"Ta=-1010 +70 °C

3.4 V £ AVrer1 £ AVoo 0.8 %

4.0 V < AVrer1 < AVop 0.6 %
Quantizing error +1/2 LSB
Conversion time tconv When the FR bit in ADM is 0 360 tevx
When the FR bit in ADM is 1 240 tevx

Sampling time tsamp When the FR bit in ADM is 0 72 teyx
When the FR bit in ADM is 1 48 tevx

Analog input voltage Vian -0.3 AVREF1 \

+0.3

Analog input impedance Ran 1000 MQ

Reference voltage AVrer1 3.4 AVoo \
AVrer current Alrerr fxx = 12 MHz 1.5 3.0 mA
Note 2 0.7 1.5 mA
AVoo supply current Alops fxx = 12 MHz 1.4 3.0 mA
Alop2 Note 3 10 20 HA

Notes 1. Quantizing erroris excluded. The total erroris represented in percent with respect to a full-scale

value.

2. When the CS bit in the ADM register is set to 0.
3. When the CS bit in the ADM register is set to 0 in the STOP mode.
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D/A CONVERTER CHARACTERISTICS (Ts = —40 to +85 °C, AVrer2 = Voo = AVoo = +5 V £10 %, AVRera = Vss =0 V)

Parameter Symbol Conditions Min. Typ. Max. Unit
Resolution 8 bit
Total error Load condition: 4 MQ, 30 pF 0.4 %

Load condition: 2 MQ, 30 pF 0.6 %
AVrer2 = 0.75Vop, 0.6 %

AVrera = 0.25Voo
Load condition: 4 MQ, 30 pF

AVger2 = 0.75Voo, 0.8 %
AVrers = 0.25Voo
Load condition: 2 MQ, 30 pF

Settling time Load condition: 2 M€, 30 pF 10 Hs

Output resistor Ro Note 20 kQ
Analog reference voltage AVrer2 0.75Voo Voo \

Analog reference voltage AVeera 0 0.25Voo v

Reference supply input Alrer2 0 5 mA
current

Reference supply input Alrera -5 0 mA
current

Note When DACS0 and DACS1 are set to 7FH.
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tcyx-dependent bus timing definition (1/2)

Parameter Symbol Calculation formula Min/Max.| 12 MHz Unit
X1 input clock cycle time tevx Min. 82 ns
Address setup time tsasT tevx — 30 Min. 52 ns
(referred to ASTBU)
Delay from address to RD{ toaR 2tcyx — 35 Min. 129 ns
Address float time traR tevx/2 - 30 Min. 1 ns
{referred to RDL)
Delay from address to data input toain {4 + 2n)tcyx — 100 Max. 228 Note ns
Delay from ASTB/ to data input | tostio (3 + 2n)tcvx - 65 Max. 181 Note ns
Delay from RDJ to data input | tomo {2 + 2n)tcyx - 64 Max. 100 Note ns
Delay from ASTB! to RDJ tosTR teyx — 30 Min. 52 ns
Delay from RDT to address active | tora 2tevx - 40 Min. 124 ns
Delay from RD?T to ASTBT toRsT 2teyx — 40 Min. 124 ns
RD low-level width twAL (2 + 2n)tevx - 40 Min. 124 Noto ns
ASTB high-level width twsTH tevx — 30 Min. 52 ns
Delay from address to WR{ toaw 2tevx — 35 Min. 129 ns
Delay from ASTB! to data output | tostop tevx + 60 Max. 142 ns
Delay from ASTBL to WR{ tostwi tevx — 30 (When refresh is inhibited) Min. 52 ns
tosTwa2 2tcyx — 35 (When refresh is allowed) Min. 129 ns
Data setup time tsoown (3 + 2n)teyx — 100 Min. 146 Note ns
(referred to WRT)
Data setup time tsopwr tevx — 60 (When refresh is allowed) Min. 22 ns
(referred to WRL)
Delay from WRT to ASTBT towsT tovx ~ 40 Min. 42 ns
WR low-level width twwi (3 + 2n)tevx - 50 Min. 196 Note ns
{(When refresh is inhibited)
twwiz {2 + 2n)tevx - 50 Min. 114 Note ns

{(When refresh is allowed)
Delay from address to WAIT input toawt 3tevx — 100 Max. 146 ns
Delay from ASTB) to WAL input | tostwr | 2tevx — 80 Max. 84 ns

Remark n represents the number of wait cycles.

Note Whenn=20
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tcyx-dependent bus timing definition (2/2)

Parameter Symbol Calculation formula Min/Max.| 12 MHz Unit

Hold time from ASTBI to tHsTWT 2Xtevx + 10 Min. 174 Note ns
WAIT
Delay from ASTB{ to WAITT tosTwTH 2(1 + X)teyx - 65 Max. 273 Note ns
Delay from RD{ to WAITL input | toawr tevx — 60 Max. 22 ns
Hold time from RD{ to WAIT | tuawr (2X - Mtevx + 5 Min. g7 Note ns
Delay from RDJ to WAITT delay | torwrn | (2X + 1}tcvx ~ 60 Max. 186 Note ns
Delay from WAITT to data input | towmo tevx — 20 Max. 62 ns
Delay from WAITT to WRT towrw 2tcvx - 10 Min. 154 ns
Delay from WAITT to RDT towrs | tovx— 10 Min. 72 ns
Delay from WRJ to WAIT input | towwrt tovx - 60 Max. 22 ns
(when refresh is inhibited)
Hold time from | When refresh | thwwr {2X - Nteyx + 5 Min. g7 Note ns
WRJ! to WAIT | is inhibited

When refresh | trwwr2 2(X - tevx + 5 Min. g Note ns

is allowed
Delay from When refresh | towwtsi (2X +1)tcyx - 60 Max. 186 Note ns
WRI to WAITT | is inhibited

When refresh | towwtnz | 2Xtcvx - 60 Max. 104 Note ns

is allowed
Delay from RDT to REFRQ! torara | 2tevx — 10 Min. 154 ns
Delay from WRT to REFRQL towara tevx — 10 Min. 72 ns
REFRQ low-leve! width twaral 2tevx — 44 Min. 120 ns
Delay from REFRQT to ASTBT | tosrast 4tcvx - 48 Min. 280 ns

Remarks 1. X: External wait cycle (1, 2, -++}
2. tcyx = 82 ns (fxx = 12 MHz)
3. n represents the number of wait cycles.

Note When X =1
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DATA RETENTION CHARACTERISTICS (T. = -40 to +85 °C)

Parameter Symbol Conditions Min. Typ. Max. Unit

Data retention voltage Vooor STOP mode 25 5.5 \
Data retention current loooa Vooor = 2.6 V 10 HA
Vooor = 65 V £10 % 20 HA

Voo rising time tAvD 200 Hs
Voo falling time tevo 200 us
Voo hold time (referred to tHvD 0 ms

STOP mode setting)

STOP release signal input toREL 0 ms

time

Oscillation settling wait time | twar Crystal resonator 30 ms
Ceramic resonator 5 ms

Low-level input voltage Vie Specified pins Note 0 0.1Vooor| V

High-level input voltage Vin 0.9Vooor Vooor \'

Note Pins RESET, MODE, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2/Cl, P24/INTP3, P25/INTP4/ASCK,
P26/INTPS5, P27/Sl, P32/SCK, and P33/SO/SBO

AC Timing Test Points

Voo-1V

0.8Vooor2.2V 0.8Voo or 2.2V
>Test points <
08V 08V

0.45V
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Timing Waveform

Read operation:

X1

A8-A15
P60-P63

ADO-AD7

ASTB

\

I\

j—— tevx ——»]

f\_/

XX
_(

/S

A

toain

h e tDAR ——————]

Y

| ———— tHAA

J—— TWSTH ——3»

Write operation:

X1

AB-A15
P60-P63

ASTB

36
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o\

[ tCYX ]

F/ S

tHAD
tsast | tHsTA| traR
P te———— tORA —————
- tosTio >
[ 1OSTR 31| _ tor e {DRST —————{

X
aooaD7 —{ X

X

[« ——— tpAW —————»

f—— tHWA —|

tsast

y

tsoowr

thwoo

tsoowr

—{_X

pee—— tWSTH — 3

twwi

[ towsT —->|

o &V
N

fe—— tosSTW1 —]
e DSTW2
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External WAIT Signal Input Timing

Read operation:

s XN A_X

aoa07 —{ X ) :)——( X

| AL

‘tov;m)
ASTB / Sr / \
t———————— {DSTWTH —————————3
- tHSTWT -
-« 1ORWTH
— < tHRWT J
) \
3 tosTwr — tOWTR
toRWTL
- toawt
WAIT \ 4
W

Write operation:

AB-A15 X X
P60-P63

e {DWWTH1 3]
ASTB / S - tHwwT1 . / \
{osTWTH
< tHSTWT >
e ——— TOWWTH2
J— \ ————— "\<—~— tHAWWT2 —————]
WR X . ]
[e— tosTwr ot —
toawt towrw
WAIT \ 4
e TDOWWTL -
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Timing Waveform for Refresh

Refresh after reading:

LPD78P238

ASTB
7

RD
toRarQ tDRFQST ——

REFRQ

twrraL |
Refresh after writing:
ASTB 4
7
WR
towrFa tDRFQST e
REFRQ
twRrFaL 1

38




NEC LPD78P238

Serial Operation

Three-wire serial 1/0 mode:

e twwski twskH

— \ YA

-

-— 1D585K1
SO X

Qutput data f X

[72}
N

fcysk

Y

gl

SBl Mode

Bus release signal transfer:

i

[ X X

SCK

SBO

Command signal transfer:

e fwvsKL twskH

e _f ey T\
tHsBsK ~>’ tssasK » tevsk = tussk

1psBSK2 | tsssk
SBO

X X oswa X

i
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Interrupt Input Timing

NMI

INTPO-INTPS

Reset Input Timing

40

twNIH

C

twith

0.8Voo
o8V

L

twiiL

twasH

0.8Voo
0.8V

0.8Vop
o8V

twiTe

twRsL
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External Clock Timing

—

TwxH
0.8Voo / A
X1 /
0.8 V7
—» |e— txA —> txr
I fwxe
3 toyx
Data Retention Timing
Set STOP mode.
\
Y
o0 Vooor
P 1DREL

v trvo

RESET \

o~
~

0.8V

NMI

(Released by a N
falling edge)

0.8Vop

NMI
(Released by a
rising edge)

0.8Voo

\( o8V

twaT ——————

(O.BV

/.
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DC PROGRAMMING CHARACTERISTICS (Ta=2515°C,Ver 245V, Vss =0 V)

Parameter Symbol ,%ZthOI Conditions Min. Typ. Max. | Unit
High-level input voltage Vi Vi 2.4 Voor+03|  V
Low-level input voltage Vi Vi -0.3 0.8 v
Input leakage current lue lu 0 < Vi < Voor 10 HA

Voni Vous low = —400 uA 2.4 \
High-level output voltage
Vonz Vonz lon = =100 uA Voo- 0.7 \
Low-level output voltage Vo Vo loL = 2.1 mA 0.45 \
Output leakage current ho 0 < Vo < Voor, OE = Vi 10 uA
Voor supply voltage Voor Vee Program memory write mode 5.75 6.0 6.25 v
Program memory read mode 45 5.0 5.5 v
Vre supply voltage Vep Vep Program memory write mode 12.2 12.5 12.8 Vv
Program memory read mode Vee = Voor \
Voor supply current loo lec Program memory write mode 5 30 mA
Program memory read mode 5 30 mA
CE =WV, Vi=Vi
Vee supply current lep lep Program memory write mode 5 30 mA
CE = Vi, OE = Viu
Program memory read mode 1 100 HA

Note Symbols for the corresponding uPD27C256A
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PROGRAM OPERATION

AC characteristics (Ta =25+5°C, Vep 2 4.5V, Voo =6 £0.25 V, Ve = 12,56 0.3 V, Vss = 0 V)

Parameter Symbol ﬁz‘r:\bol Conditions Min. Typ. Max. Unit
Address set up time (referred tsac tas 2 Hs
to CEY)
OE high level hold time thoi toes 2 us
(referred to input data disable)
input data setup time (referred| tsioc tos 2 us
to CEl)
Address hold time {referred tHea tAH 2 us
to CED
Input data hold time (referred thcio ton 2 us
to CED
Output data hold time tHooo tor 0 130 ns
{referred to OET)
Ve setup time (referred to tsvec tves 1 ms
CEl)
Voor setup time (referred to tsvbc tves 1 ms
CED)
Initial program pulse width twi tew 0.95 1.0 1.06 ms
Additional program pulse twiz topw 2.85 78.75 ms
width
Delay from OE{ to data tooop toe 150 ns
output time

Note Symbols for corresponding uPD27C256A

READ OPERATION

AC characteristics (Ta =25 +5°C, Vep 2 4.5V, Voo =5 +0.5 V, Vee = Voor, Vss = 0 V)

Parameter Symbol ﬁZtT?OI Conditions Min. Typ. Max. Unit
Delay from address to data| toaop tacc CE=0E=Wu 200 ns
output
Delay from CE to data output| - tocoo tee OE = Vu 200 ns
Delay from OE{ to dataoutput | tooop toe CE =Vu 75 ns
Data hold time (referred to| tucoo tor CE=ViorOE=Wu 0 60 ns
OET or CET) Note 2
Data hold time (referred to tHAOD toH CE =0E = Vu 0 ns
address)

Notes 1. Symbols for the corresponding uPD27C256A
2. tucop is the time measured from when either OE or CE reaches Vi1, whichever is faster.
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PROM Write Mode Timing

AQ-Al4 fl Valid address
tHea
je— tsac tHooD
N 4 b Ty
. Data :
Do-D7 Data input >——-<( output ,>—49-—<( Data input ;>_
[ {SIDC 1o tsinc it 1HCID
«— {SPC
VPP '4
Vep /
Voor
| [e—tsvrc
Voo Voor + 1 7
Voor
tsvoe
Vi m—— s ), \ —
CE \t 7[ tHoiD Z
Vie
- tw twiz
o tooop
L Vin \ v 4
OE \ /
Vi
Cautions 1. Voor must be applied before Ver, and must be cut after Vee.
2. Vrp including overshoot must not exceed +13 V.
PROM Read Mode Timing
4
AD-A14 " Valid address
R —— /
Cct
tocoo
fe
OE ’
’: : — 1rcoD
000D
toaoD - thaoD -
Hi-Z g : ’}_ Hi-Z
DOD7 ==m=mmecccwdcicccacccnncnen- <F Data output >_;
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8. PACKAGE DRAWINGS
80 PIN PLASTIC QFP (C314)

—r161

41

40

detail of lead end

NOTE

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

w
3
© i
w
S80GC-65-389-3
ITEM| MILLIMETERS |  INCHES |
A 17.2+0.4 0.67740.016 !
B | 14002 0.551139%8
C 140202 0.551739%
D 17.:7_;0.4 0.677+0.016 |
F 08 0.031
G 0.8 0.031 |
CH O 0.30£0.10 0.012:38%%
[ 0.13 0.005
J 0.85 (T.P.) 0.026 (T.P.)
K| 1.6%0.2 0.063+0.008
L 0.80.2 0.031:3:3% -
M 0.15:8.88 0.006%3.3%4
N 0.10 © 0.004 |
P 2.7 o106
Q 0.1£0.1 0.004£0.004
S 3.0 MAX. 0.119 MAX.
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94 PIN PLASTIC QFP ((020)

B
o 71 48
72 27E=
oo o]
= e |
— detail of lead end
= o |
= e
=3
v
=
=
+ = oo »
-
o]
s = \
= o] &)
== H
- [Ye)
=
94 24>
iy 1 23 =
_.H._ t— G2
G HE @ ]
K ot
a.
' A s
[} N L
$94GJ-80-58G-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.15 70.017
mm (0.006 inch) of its true position (T.P.) at A 23.220.4 0.91320.015
maximum material condition. B 20.0£0.2 0.787:3:3%3
C 20.0+0.2 0.787*3:538
D 23.2+0.4 0.913:3:312
F1 1.6 0.063
F2 0.8 0.031
G1 1.6 0.063
Gz 0.8 0.031
H 0.35%0.10 0.014:8.9%%
I 0.15 0.006
J 0.8 (T.P.} 0.031 (T.P)
K 1.6+0.2 0.063+0.008
L 0.820.2 0.0313:5%8
M 0.15:3:22 0.008%3:003
N 0.12 0.005
P 3.7 0.146
Q 0.120.1 0.004£0.004
S 4.0 MAX. 0.158 MAX.
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84 PIN PLASTIC QFJ (01150 mil)

| A
[P B -l
hhﬁﬂnﬁﬁr’lﬂ!‘l#1ﬁﬂhﬁﬁﬁﬂﬂnn" -
0 1]
s i
s i
g 0
s 1]
i i]
q I]
i b
b 1
84¢ 1]
14 e + - o o
0 n
0 i}
. i
q n
g 1}
q g
1
r ]
0 n
v 1]
| S o G SN R R Eu R v b v S gy S QG Gy 4% QU G mA juy ANy A G D g N VI Ry EN  Ew gy = | I
(&) T' 1 1 t:)
I I I
¥ A A AN AN AAAANAANRNANINSS RIARTER 'S T
— O a
VEEK) '
1
P84L-50A3-2
NOTE ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.) at A 30.2+0.2 1.189+0.008
maximum material condition. B 29.28 1.153
C 29.28 1.153
D 30.2%0.2 1.189%0.008
E 1.94:0.15 0.0760:00
F 0.6 0.024
G 44202 0.173%3352
H 2.8+0.2 0.110'3:3%8
] 0.9 MIN. 0.035 MIN.
J 3.4 0.134
K 1.27 (T.P) 0.050 (T.P.)
M 0.40£0.10" 0.016%3:%%
N 0.12 0.005
P 28.20%£0.20 1.1103558
Q 0.15 0.006
T R 0.8 R 0.031
U 0.205:8 0.0085:9%2
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94 PIN CERAMIC WQFN
A
B K a
(T = AN U
: =
T T Qf O i + i
L o E94
v, g w
o ¥ VoLt ey

E

A =@

NOTE

Each lead centerline is located within 0.08
mm (0.003 inch) of its true position (T.P.) at
maximum material condition.
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R
X94KW-80A-1
ITEM| MILLIMETERS INCHES
20.0%0.4 0.787*33%

B 18.0 0.709

C 18.0 0.709

D 20.00.4 0.7873%

E 1.94 0.076

F 2.14 0.084

G 4.064 MAX. 0.160 MAX.

H 0.51+0.10 0.020%0.004

| 0.08 0.003

J 0.8 (T.P.) 0.031 (T.P.)

K 1.0£0.2 0.039+3:3%2

Q C1.0 C 0.039

R 1.6 0.063

S 1.6 0.063

T R1.75 0.069

u 11.5 0.453

W 0.75%0.2 0.030°9:8%8
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9. 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 SMD Surface Mount
Technology Manual (IEI-1207).
Please consult with our sales offices in case other soldering process is used, or in case soldering is done

under different conditions.

Table 9-1 Soldering Conditions for Surface-Mount Devices

(1) uPD78P238GC-3B3: 80-pin plastic QFP {14 x 14 mm)

.

Reflow time: 40 seconds or less {at 200 °C or more)
Number of reflow processes: 1 )
Exposure limit: 7 daysN°t® (10 hours of pre-baking is required at 125 °C afterward.)

Soldering process Soldering conditions Symbol
Infrared ray Peak package’s surface temperature: 230 °C IR30-162-1
reflow Reflow time: 30 seconds or less {(at 210 "C or more)
Number of reflow processes: 1
Exposure limit: 2 daysNot® (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 more)
Number of reflow processes: 1
Exposure limit: 2 daysN°t® {16 hours of pre-baking is required at 125 °C afterward.)
Partial heating Terminal temperature: 300 °C or less -
method Flow time: 3 seconds or less {for each side of device)
(2) uPD78P238GJ-5BG: 94-pin plastic QFP (20 x 20 mm)
Soldering process Soldering conditions Symbol
Infrared ray Peak package's surface temperature: 230 °C 1R30-107-1
reflow Reflow time: 30 seconds or less (at 210 °C or more)
Number of reflow processes: 1
Exposure limit: 7 daysNete (10 hours of pre-baking is required at 125 °C afterward.)
VPS Peak package's surface temperature: 215 °C VP15-107-1
Reflow time: 40 seconds or less (at 200 °C or more)
Number of reflow processes: 1
Exposure limit: 7 daysN°t® (10 hours of pre-baking is required at 125 °C afterward.)
Partial heating Terminal temperature: 300 °C or less -
method Flow time: 3 seconds or less (for each side of device)
(3) uPD78P238LQ: 84-pin plastic QFJ (1150 x 1150 mil)
Soldering process Soldering conditions Symbeol
VPS Peak package's surface temperature: 215 °C VP15-107-1

Partial heating
method

Terminal temperature: 300 °C or less
Flow time: 3 seconds or less (for each side of 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.”

—— Notice

Other versions of the products are available. For these versions, the recommended
reflow soldering conditions have been mitigated as follows:

Higher peak temperature (235 °C), two-stage, and longer exposure limit.
Contact an NEC representative for details.
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APPENDIX A DEVELOPMENT TOOLS

The following tools are prepared for developing a system that uses the uPD78P238:

Software for language processing

RA78|(/||Noto 1, Note 2

Assembler package used for all 78K/Il series products

CC78K/I{Note 1, Note 2

C compiler package used for all 78K/ll series products

CC78K/li-L.Note 1, Note 2

C compiler library source file used for all 78K/l series products

PROM programming tools

PG-1500

PROM programmer

PA-78P238GC
PA-78P238GJ
PA-78P238KF
PA-78P238LQ

Programmer adapter for connecting to the PG-1500

PG-1500 controllerNote 1

Control program for the PG-1500

Debugging tools

IE-78200-R-EMNote 3

1E-78230-R-A In-circuit emulator used for all uPD78234 series products
|E-78230-RNote 3

|IE-78200-R-BK Break board used for all 78K/ll series products
|IE-78230-R-EM Emulation board for evaluating uPD78234 series products

EP-78230GC-R
EP-78230GJ-R
EP-78230LQ-R

Emulation probe used for all uPD78234 series products

EV-9200G-94 Socket to be mounted on the circuit board of the user system. It is used for the 94-
EV-9200GC-80 pin plastic QFP and 80-pin plastic QFP.
EV-9900 Jig for removing the uPD78P238KF from the EV-9200G-94
SD78K/||Note 1 Screen debugger for the IE-78230-R-A
DF78230Note 1 Device file for uPD78234 series products
Real-time OS

I Rx7gK/“Note 1, Note 2

[ Real-time OS used for all 78K/ll series products

Notes 1. For the PC-9800 series (MS-DOS™) or IBM PC/AT™ (PC DOS™)

2. For the HP9000 series 300™ (HP-UX™), SPARCstation™ (Sun 0S™), or EWS-4800 series™

(EWS-UX/VTM)

3. For maintenance only
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Fuzzy inference development support system

FEg00QNote 1

Tool for creating fuzzy knowledge data

FT9080Note 1

Translator

FI78K/iINote 1

Fuzzy inference module

FD78K/||N°“ 1, Note 4

Fuzzy inference debugger

Notes 1. For the PC-9800 series {(MS-DOS™) or IBM PC/AT™ (PC DOS™)
2. For the HP3000 series 300T™ (HP-UX™), SPARCstation™ (Sun 0S™), or EWS-4800 series™

(EWS-UX/VTM)

3. For maintenance only

4. Under development

Remark Refer to the 78K/l Series Development Tools Selection Guide (EF-231) for development tools
manufactured by third parties.
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DRAWINGS OF THE CONVERSION SOCKET (EV-9200G-94) AND RECOMMENDED PATTERN ON

BOARDS (UNIT: mm)

Fig. A-1 Drawings of the EV-9200G-94 {Reference)

Based on EV-9200G-94
{1) Package drawing (in mm)

M
N 0
ol (o]
N\
'
—] - TR I
—
P
|
UL
/| RTINS
- [ DR
) H 1
[
EV-9200G-94-GO
ITEM| MILLIMETERS INCHES
A 25.0 0.984
B 20.36 0.801
C 20.35 0.801
D 25.0 0.984
Es 4C 2.8 4-C 0.1
E2 C15 C 0.059
F 0.8 0.031
G 11.0 0.433
H 22.0 0.866
| 24.7 0.972
J 5.0 0.197
K 22.0 0.866
L 24.7 0.972
M 8.0 0.315
N 7.8 0.307
(0] 2.5 0.098
P 2.0 0.079
Q 1.36 0.053
R 0.35£0.1 0.014*3:3%%
s $2.3 $0.091
T $1.5 $0.059
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Based on EV-9200G-94
(2) Pad drawing (in mm)

Fig. A-2 Recommended Pattern on Boards for the EV-9200G-94 (Reference}

ﬂ[]ﬂl]ﬂﬂ[lﬂﬂl]l]ﬂﬂﬂﬂl][lﬂ[l[lﬂﬂ(g

EV-9200G-94-P0

ITEM

MILLIMETERS

INCHES

25.7

1.012

21.0

0.827

0.8+0.02 x 23=18.420.06

0.031

49092« 0.906=0.724+33%3

0.8+0.02 x 23=18.4+0.05

0.031

+0002 % 0.906=0.724*33%3

21.0

0.827

25.7

1.012

11.00£0.08

0.433*3%%

IO "imiOlO|w

5.00+0.08

0.197°3%%

0.5+0.02

+0.001
0.02%.000

o

$2.36+0.03

$0.093:303)

#1.57+0.03

$0.062+3%%1

Caution Dimensions of mount pad for EV-9200 and that for target
device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
"SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY

MANUAL" (IEI-1207).
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APPENDIX B RELATED DOCUMENTS

Documents related to the device

Document name Document No.

pPD78234 Series User’s Manual, Hardware IEU-718

78K/l Series User's Manual, Instruction IEU-754

78K/l Series Application Note Basic |IEA-607
Application IEA-700
Floating-Point Arithmetic IEA-686
Operation Programs

78K/il Series Selection Guide IF-304

78K/l Series Instruction Set IEM-5102

uPD78234 Series Special Function Registers IEM-5515

Documents related to development tools (user’s manual)

Document name Document No.
RA78K Series Assembler Package Operation EEU-809
Language EEU-815
RA78K Series Structured Assembler Preprocessor EEU-817
CC78K Series C Compiler Operation EEU-656
Language EEU-655
CC78K Series Library Source File EEU-777
PG-1500 PROM Programmer EEU-651
PG-1500 Controlier EEU-704
IE-78230-R-A In-Circuit Emulator EEU-789
IE-78230-R In-Circuit Emulator Hardwaré EEU-682
Software EEU-685
SD78K/Il Screen Debugger Tutorial EEU-841
Reference EEU-813
78K/ll Series Development Tools Selection Guide EF-231

Caution The above documents may be revised without hotice. Use the latest versions when you design

an application system.
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Documents related to software to be incorporated into the product (user’s manual)

Document name Document No.
RX78K/ll Real Time OS Tutorial EEU-910
Installation EE7-884
Debugger EEU-895
Technical EEU-885
Tool for Creating Fuzzy Knowledge Data EEU-829
78K/0, 78K/Il, and 87AD Series Fuzzy Inference Development Translator EEU-862
Support System
78K/l Series Fuzzy Inference Development Support System Fuzzy Inference Module EEU-860
78K/ Series Fuzzy Inference Debugger EEU-917
Other documents
Document name Document No.
QTOP Microcomputer Pamphlet 1B-5040
Package Manual IE1-1213
SMD Surface Mount Technology Manual 1Ei-1207
Quality Grades on NEC Semiconductor Devices 1EI-1209
NEC Semiconductor Device Reliability/Quality Control System {EM-1203
Electrostatic Discharge (ESD) Test MEM-1201
Guide to Quality Assurance for Semiconductor Devices MEI-1202

Caution The above documents may be revised without notice. Use the latest versions when you design
an application system.
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Cautions on CMOS Devices

(® Countermeasures against static electricity for all 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 function as output pins at unexpected times, each unused
pin should be separately connected to the Voo or GND pin through a resistor.

If handling 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 settings, and the
contents of registers at power on. However, NEC assures operation after reset and items
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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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 parties 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 controf systems and life support systems. If 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.

M4 92.6
QTOP is a trademark of NEC Corporation.
EWS-4800 series and EWS-UX/V are trademarks of NEC Corporation.
MS-DOS is a trademark of Microsoft Corporation.
PC/AT and PC DOS are trademarks of IBM Corporation.
SPARCstation is a trademark of SPARC International, Inc.
Sun OS is a trademark of Sun Microsystems, Inc.
HP9000 series 300 and HP-UX are trademarks of Hewlett-Packard Company.




