


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NEe 
Example: 

if (A = = [HLJ) 
PS = B (A) 
A = [HL] 

else 

A + = [HL] 
A- = B 
PS = A 

endif 

;The condition is tested 
;If A equals the content of memory 
;at HL, this code is executed 

;Otherwise this code is executed 

Table 3 shows the control statements and their func­
tions. 

Table 3. Control Statement Directives 
Control Statement Function 

if - elseif - else - end if Test variable expressions 

iLbit - elseiLbit - else - endif Test bit expressions 

switch - case - default - ends Select based on variable 

for - next Loop, test variable 

while - endw 

repeat - until 

Loop, test bit 

repeat - unti Lbit 

break Exit control block 

continue Skip to top of block 

goto LABEL Branch to label 

Variable And Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi­
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. 

Table 4. Examples of Variable Expression 
Comparisons 

Comparison Meaning 

if ( A \ True if A is non-zero 

if (A < B) True if A is less than B 

if ((A < B) && (A > C)) True if A is less than B and greater than C 

iLbit ( P3.2 ) True if bit 2 of P3 is 1 

iLbit (IP3.2) True if bit 2 of P3 is 0 

The allowable expressions using variables are shown in 
table S. 

ST78K2 

Table 5. Expressions and Examples 
Expression Example 

Primary (A) 

Term (A <= B) 

Term && Term ((A<B) && (A>C)) (logical AND) 

Term II Term ( (A= = C) II (A= = B) ) (logicaIOR) 

A primary value for a variable expression is a register 
name or defined symbol. A term consists of two primary 
values compared with a binary operator. Table 6 lists the 
supported binary operators and their meanings. 

Table 6. Binary Operators 
Binary Operator Meaning 

Equals 

1= Not Equal 

> Greater Than 

> = Greater Than or Equal To 

< Less Than 

< = Less Than or Equal To 

Bit expressions test individual bits of registers, ports, or 
memory locations. Table 7 shows the acceptable forms 
of bit expressions. 

Table 7. Bit Expressions and Examples 
Bit Expression Example 

BiLprimary (P2.1 ) 

IBiLprimary (ICY) 

BiLprimary && BiLprimary (A.O && CY) 

BiLprimary II BiLprimary (P2.211 CY) 

A BiLprimary can be either a reserved word bit identi­
fier, such as a bit of a register or port (P2.1, Cy), or a bit 
definition symbol (SBO EQU P2.2). 

ST78K2 Operation And Controls 

ST7RK? �i�~� invoked bv soecifvino the name of the source 
file, followed by optional controls. 

Example: 

C>ST78K2 ABC.SRC -DXYZ = 3 

ST78K2 reads the specified source file and produces an 
output assembly language file, which can be input to 
RA78K2. The output file contains all lines provided in the 
input source file, plus those generated by ST78K2. Lines 
containing no statements for the structured assembler 
are passed through unchanged. Lines with structured 
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assembly statements are placed in the output preceded 
by a semicolon. RA78K2 treats these lines as comments. 
These commented lines are then followed by the code 
generated by ST78K2. 

The controls for ST78K2 are specified in the preproces­
sor command iine or in a parameter file invoked in the 
command line. Table 8 lists the ST78K2 preprocessor 
controls and functions. 

Table 8. ST78K2 Preprocessor Controls 
Control Function 

-OIliename Specify name of output assembly source file 

-Ffllename Specify name of parameter file to be read 

-Efilename Specify name of error listing file 

-Dsymbol[=value] Define a symbol (like #define hi code) 

-I[d:][directory] Define path for include file 

-WTn1,n2,n3 Define TAB settings for generated code 

-SCcharacter Defines word symbol last character 

The -0 option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to. the name of the input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K2. This parameter file can 
contain a list of controls to be given to ST78K2, instead 
of or in addition to those specified on the command line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name defaults 
to the name of the input source file with the extension 
.ESl: 

The -0 control .allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value specified, the value 
defaults to 1. If the source file contains a. #define 
directive which specifies a variable with the same name 
as the -0 control, the value on the command line will 
override the value in the #define directive. 
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The -I control specifies a drive or directory other than the 
current drive and directory to search for include files. 

The -WT control specifies the number of TAB characters 
to insert before labels, instruction mnernonics, and in­
struction operands generated by ST78K2. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K2. 

The -SCcharacter control specifies the character used 
as the last character in a word symbol. The character 
must be a letter of the alphabet or the @, _ or ? This 
allows ST78K2 to distingush between word and byte 
operations. Symbols which end in this character are 
treated as word symbols and will generate a word 
operation (ie. MOVW). If the -SC option is not specified, 
ST78K2 assumes that a symbol ending with the charac­
ter "P" or "p" is a word symbol. 

Documentation 

For further information on source program formats, 
preprocessor operation, and actual program examples, 
NEC Electronics Inc. provides the following documen­
tation. 

• St78K2/ST78K3 "PD782xx/"P0783xx Structured As-
sembler Preprocessor User's Manual. 

This documentation is provided with purchased copies 
of the RA78K2 !-'P0782xx relocatable assembler pack­
age. Additional copies can be obtained from NEC Elec­
tronics Inc. 
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Description 

The DDK-78310A is an evaluation board for the NEC 
I4PD78310A eight/sixteen-bit, single-chip microcom­
puter. The DDK-78310A provides maximum flexibility 
when evaluating and designing with the I4PD78310A. The 
DDK-78310A features 32K bytes of ROM, 32K bytes of 
RAM, RS-232C communication port, and a powerful 
monitor program. The DDK-78310A board is provided on 
an IBM PCI!> compatible card and includes a playpen 
area for building application specific hardware. 

A copy of RA78K3, the I4PD7831X/I4PD7832X relocatable 
assembler for use on an IBM PCI!>, PC/XTI!>, PC ATiI>, or 
compatible host computer, is shipped with each DDK-
78310A to allow development of code for evaluation 
purposes. Also included with the DDK-7831OA is a emu­
lator controller program for the IBM PC, a small demon­
stration program in ROM, the source code for the mon­
itor, and a complete set of documentation. This total 
package provides a fast, efficient means for evaluating 
the capabilities of the I4PD78310A for the user's 
application. 

IBM PC, PCIXT, and PC AT are registered trademarks of International 
Business Machines Corporation. 

DDK-78310A Evaluation Board 

DDK·78310A 
Evaluation Board 

for the pPD78310A 

Features 

o I4PD78310A evaluation board with power supply 

o On-board memory: 
- ROM: 32K-byte 
- RAM: 32K-byte 

o Powerful on-board debug monitor: 
- Real-time and single-step operation 
- Display/change memory and internal registers 
- Disassembler 
- Multiple software breakpoints 
- User program download capability 

o RS-232C serial interface for terminal or host 
computer 

o Playpen area for user circuitry 

o IBM PC card form factor 

o RA78K3I4PD7831X/I4PD7832X relocatable assembler 
package 

o Host control software for IBM PC, PC/XT, PC/AT, or 
compatibles 

o Demonstration program in ROM 

o Source code for DDK-78310A monitor included 

Ordering Information 
Part Number Description 

DDK-78310A IIPD78310A evaluation board 
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Hardware Description 

The DDK-78310A features 64K bytes of on-board mem­
ory. The lower 32K bytes are dedicated to ROM and 
include a powerful monitor program and user area. The 
upper 32K bytes are dedicated to RAM and include a user 
area for program downloading (7DFFH bytes), a monitor 
work area (7CFH bytes), and the internal RAM area of the 
ILPD78310A (1 F FH bytes). 

The ILPD78310A serial port is connected by an RS-232C 
driver/receiver to a DB25 pin connector. A reset switch 
allows the DDK-78310A to return to the power-up state 
without losing the contents ofthe external RAM. An NMI 
switch returns control from a user program to the mon­
itor while saving the user's state. 

An AC/DC converter provides power for the DDK-78310A 
in the stand-alone mode. The DDK-78310A can also 
receive power directly from the IBM PC bus. 

Software Description 

The DDK-78310A has a powerful interactive monitor to 
facilitate software design using the ILPD7831OA. A user 

Block Diagram 

A 
As-A14 

t-IEC 
program can be downloaded into user RAM and exe­
cuted either in real-time with or without breakpoints or 
executed one instruction at a time. During single­
stepping, the registers, program counter, and the next 
instruction to be executed are displayed. 

The DDK-7831OA has eight address breakpoints. The 
user can set up to seven of these prior to program 
execution. The eighth breakpoint is reserved for use in 
the GO command line. The monitor sets a breakpoint by 
substituting a software break instruction (opcode 5EH) 
for an instruction in the user's program. 

Additional commands are available to: 

• Display, fill, change, or move memory 

• Display or change registers 

• Disassemble memory 

• Display the command list 
• Place the interrupt vector and call table areas at OH or 

8000H 

Table 1 contains a complete list of the DDK-78310A 
monitor commands and their syntax. 

EPROM r-OH-7FFFH 

Address U Latch 

ADo-AD7 Ao-A 7 
'---

RAM t---IlPD78310A 8000H-FDFFH 

-
WR 
-
RD Control 

A15 
Logic 

RFSH 

TxD 
R8-232C 
Interface 

RxD 

49NR-6528 

9-72 



NEe 
Table 1. Command Ust 
Command Function 

?/H Show this menu of commands 

B Show or set breakpoints 

C Change memory byte 

D Display memory 

F Fill memory 

G Go (to breakpoint) 

Move interrupt vectors to/from 
8000H 

K Kill breakpoint(s) 

L Load a HEX file on to the DDK-
78310A 

M Move a block of memory 

R Display/change registers 

T Trace execution 

U Unassemble a block of memory 

Notes: 

(1) addr = 16-bit address in hexadecimal format. 

(2) bp = breakpoint number, 1-7. 

Syntax 

? 

B[bp,addr) 

C[addr)[,val) 

D[addr)[,addr) 

Faddr,addr,val 

Gladdr)[,addr) 

K[bp) 

L[addr) 

Maddr,addr,addr 

R[reg) 

T[addr) 

U[addr)[,addr) 

(3) reg = general purpose or control register mnemonic. 

(4) val = eight-bit value in hexadecimal notation. 

(5) [) = optional parameter. 

RA78K3 Relocatable Assembler Package 

The RA78K3 relocatable assembler package converts 
symbolic source code for the JLPD7831X and JLPD7832X 
eight/sixteen-bit, single-chip microcomputers into exe­
cutable absolute address object code. A copy of RA 78K3 
is included with the DDK-7831OA to use with an IBM PC, 
PC/XT, PC AT, or compatible. Evaluation programs for 
the JLPD78310A can be written easily with this software. 

DDK·78310A 

Emulator Controller Program 

Absolute address object files produced by the RA78K3 
relocatable assembler package can be downloaded to 
the DDK-7831OA using the NEC emulator controller pro­
gram, supplied with the DDK-78310A. This controller 
program allows files to be downloaded from an IBM PC 
or compatible to the DDK-7831OA board. In addition to 
downloading files, the NEC emulator controller program 
provides these additional capabilities: 

• Complete DDK-78310A control from host console 
• On-line help facilities 
• Host system directory and file display 
• Storage of debug session on disk 

License Agreement 

RA78K3 is provided under the terms of a license agree­
ment included with the DDK-78310A board. The accom­
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 

Documentation 

For further information on the DDK-7831OA evaluation 
board, NEC Electronics Inc. provides the following 
manual: 

• DDK-78310A JLPD78310A Evaluation Board User's 
Manual 

This manual is provided with the board. Additional cop­
ies can be obtained from NEC Electronics Inc. 
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Description 

The EB-7832o. is an evaluation board for the NEC 
~PD7832o. eight-bit, single-chip microcomputer. The EB-
78320. provides a simple way to evaluate the capabilities 
of the ~PD7832o. in an application without having to 
build a prototype. If it is necessary to connect the 
EB-7832o. directly to a target system, the IE-78320 emu­
lator probes can be purchased separately. 

The EB-7832o. features 32K bytes of static RAM for 
evaluation programs, an RS-232C communication port, 
and a powerful on-board monitor. Evaluation programs 
can be downloaded from a host computer or created 
directly on the board using the line assembler. Programs 
can be executed in real-time with or without breakpoints 
or one instruction at a time. Commands are available to 
display or change memory, general or special function 
registers, and to disassemble code. 

A controller program controls the EB-7832o. directly from 
the console of an IBM PC@, PC/XT@, PC AT@, or com­
patible host computer using an RS-232C serial interface. 

Features 

CJ ~PD7832o. evaluation board 

CJ 32K bytes of static RAM 

CJ Real-time and single-step execution 

EB-78320 

EB·78320 
Evaluation Board 
for the pPD78320 

CJ Four parallel or sequential breakpoints 

CJ Display/change memory and general registers 

CJ Display/change special function registers 

CJ User program upload/download capability 

CJ Symbolic debugging support 

CJ Line assembler and disassembler 

CJ RS-232C serial interface for host computer 

CJ Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 

CJ Connection to a target system using in-circuit 
emulator probes 

IBM PC, PCIXT and PC AT are registered trademarks of International 
Business Machines Corporation. 

Ordering Information 
Part Number 

EB-78320-PC 

EP-78320GJ-R 

EP-78320l-R 

Description 

I4PD78320 evaluation board OBM PC Based) 

Emulator probe for 74-pin QFP (optlonaQ 

Emulator probe for 5S-pln PLCC package 
(optionaQ 
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Block Diagram 

portsO'2,t:==============================================================================~~ 3, y,8r 

~======Ir==================A=dd=r=es=s=B=U:S========================~~~:;':-~ Ae-A15r Buffer 1-----1'~1 

IlPD78320 
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PAO-PAy 
.---~/1 ",PDY1P301 

Turbo Access t---" Manager 

PBO-PBY~======~~~==================================::"l Address/Data Bus 
Buffer 

Emulator 
Probe 
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Hardware Description 

The EB-78320 features 32K bytes of on-board static 
RAM. It can be used without a target system or can be 
directly connected to a target system using one of the 
IE-78320 emulation probes. When the EB-78320 is used 
without a target system, 28K bytes of RAM are available 
for downloading programs; the on-board monitor uses 
the remaining 4K bytes as a work area. When the EB-
78320 is connected to a target system, 52K bytes of the 
,",PD78320's 64K-byte code space are mapped to the 
target system. 

The EB-78320 can be used to evaluate the instruction 
execution speed of the ,",PD78322's internal ROM by 
installing a ,",PD71 P301 turbo access manager in the 
footprint on the board. When using the ,",PD71 P301, the 
evaluation program is placed in the EPROM of the 
,",PD71P301; the emulation function of the EB-78320 
board is not available. 

The serial port for the host computer connection con­
sists of a ,",PD71051 USART, an RS-232C driver/receiver 
and a DB25 pin connector. A reset switch returns the 
EB-78320 to the power-up state. An ac/dc converter is 
shipped with each EB-78320 board for convenience. The 
EB-78320 can also be powered from batteries using the 
enclosed battery holder. 

Emulation 

The EB-78320 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; single-step emulation for a spec­
ified number of instructions or until a register condition 
is satisfied. The registers, stack pointer, program status 
word, and program counter are displayed following ter­
mination of real-time emulation or during single-step 
emulation. The EB-78320 enters the single-step mode 
following a real-time emulation break. When the enter 
key is pressed during single-step emulation, the next 
instruction is executed, and the executed address, in­
struction mnemonic and above data are displayed. 

Emulation Accuracy 

When the emulation probe is connected to a target 
system, ports 0, 2, 3, 7, and 8, the watchdog timer output 
and the A/D converter related signals are identical to the 
device. However, all other signals differ from the actual 
device because of buffering and control gating. 

Breakpoint Capabilities 

The EB-78320 has four parallel instruction address 
breakpoints or up to a four-level sequential instruction 

EB·78320 

address breakpoint. If anyone of the four parallel break­
points is satisfied, a break in emulation occurs. For a 
sequential breakpoint, each address must be encoun­
tered in the specified order before a break in emulation 
can occur. These breakpoints are set by substituting a 
software break instruction for an instruction in the user's 
program. 

Software Description 

The EB-78320 is controlled from the console of an IBM 
PC, PC/XT, PC AT, or compatible computer with an 
RS-232C interface using the enclosed emulator control­
ler program. This program provides commands for 
downloading and uploading object code and symbol 
files to and from the EB-78320. A line assembler and 
disassembler avoid debugging in machine Code. The 
symbolic debugging commands allow the use of labels 
instead of absolute addresses. Full data manipulation 
capability is available with the change register/memory 
commands. Initialization commands choose a base 
number and register mnemonics. 

The EB-78320 program also has macro command file 
capability, so the user can execute a defined set of 
commands automatically. The on-line help facility, his­
tory command, and ability to store the console display 
on disk or send ino a printer ease debugging tasks. 

Table 1 lists the available EB-78320 commands. These 
are a subset of the IE-78320 commands. 

Table 1. Command Ust 
Command Function 

ASM Une assemble command 

BRS Sets instruction address breakpoints 

COM Creates command file 

DAS Disassemble command 

DIR Displays disk directory 

EXT Terminates EB-78320 controller program operation 

HIS Displays last twenty commands 

LOD Loads object code and symbol files 

LST Sends console display to disk or printer 

MAP Dlslays memory map 

MAT Evaluates arithmetic expression 

MDR Dlsplaystmodlfles "PD78320 mode registers 

MEM Memory manipulation command 

REG Displays/modifies "PD78320 registers 

RES Resets only the "PD78320 
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Table 1. Command Usl (conI) 
Command Function 

RUN Executes programs In slngle-step mode or In real-time 
with options for break conditions 

SAY Saves contents of memory onlo disk 

SPR Displays/modifies IIPD78320 special function registers 

STR Automatically executes command string file 

S UF Base number specification (hex, octal, binary, 
declmaQ 

SYM Adds/deleleS/dlsplays/changeS/ioads/saves symbols 

VRY Compares contents of an object file with memory 

Equipment Supplied 

The EB-78320-PC package consists of the following: 

• EB-78320 evaluation board 
• EB-78320 user's manual 
• . System disk for IBM PC 
• AC/DC converter power supply 
• Battery holder and mounting hardware 
• Warranty policy and registration card 

Documentation 

For further information on EB-78320 operation, NEC 
Electronics Inc. provides the following manual with the 
board: 

• EB-78320 ~PD78320 Evaluation Board User's Manual 

Additional copies may be obtained from NEC 
Electronics Inc. 

9-78 

NEe 



NEe 
NEe Electronics Inc. 

Description 

The IE-7831OA is an in-circuit emulator providing both 
hardware emulation and software debugging capabili­
ties for the NEC "PD78310A and "PD78312A single-chip 
microcomputers. Real-time and single-step emulation, in 
conjunction with sophisticated memory mapping fea­
tures, breakpoints, and trace capabilities, create a pow­
erful debugging environment. A line. assembler/disas­
sembler, full register and memory control, symbolic 
debugging, and complete upload/download capabilities 
simplify the task of debugging hardware and software. 

Features 

C Real-time and single-step emulation capability 
C User-specified breakpoints 

- logical OR of up to four sets of break conditions 
Opcode fetch count . 
External sense clips condition 
Emulation time 
Logical AND of addresses, data values, CPU 
controls, and loop count 

C Sophisticated trace capabilities 
- Instruction, frame, or macro service display 
- 2K x 44-bit trace buffer 
- Address, control, data, and port trace features 

C Powerful memory mapping feature . 
- 64K bytes of RAM mappable in 256-byte blocks 

IE·7831OA wlth.Emulator Probe 

IE-78310A 
In-CI reult Emulator 

- Up to 16K bytes of high-speed internal RAM for 
"PD78312A ROM emulation 

C Une assembler/disassembler 

C Symbolic debugging 
- 2,000 symbols available 
-IEEE-796 bus memory expansion slot for 32K 

additional symbols 

C CMOS latch-up warning and protection 
C Eight external sense clips 

C SeH-dlagnostic command 
C Stand-alone mode or system mode with host control 

program 

Ordering Information 
Part Humber 

1E-7831OA-R 

EP-78310CW 

EP-78310GQ 

EP-78310L 

EP-78310GF 

Delcrlptlon 

In-clrcult emulator for !,PD78310AJ!,PD78312A 

Emulator probe for 54·pln lihrlnk DIP 
package(shlpped wHh 1E-78310A) 

Emulator probe for 54·pln QUIP 
package(shlpped with 1E-78310A) 

Emulator probe for 58-pin· PLeC package 
(optlona~ 

Emulator probe for 54-pin QFP package 
(optlona~ 
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Hardware Description 

As the IE-7831OA block diagram shows, the IE-78310A 
hardware consists of a control/trace module, driver mod­
ule, target probe, external sense clips, and interconnect­
ing system bus. The control/trace module includes the 
trace control unit, emulation memory unit, self­
diagnostic unit, break control unit, and latch-up alarm 
unit. This module also houses the emulation CPU, which 
is directly connected to the target emulation probe. The 
driver module houses the serial interface circuit, control 
CPU, trace RAM, and system memory. 

Memory Mapping 

The IE-78310A has a sophisticated memory mapping 
scheme which allows access of up t064K bytes of 
internal memory, mappable in 256-byte units. The map 
command allocates the memory space of the emulation 
CPU either to the user system or tothe IE system. Even 
if development of the target system is not complete, 
software debugging is still possible by using this inter­
nal RAM in place of the target system RAM. In addition to 
this emulation memory, the IE-78310A has an alternate 
high-speed memory for real-time emulation of the 
"PD78312A internal ROM. 0, 4K, 8K, or 16K bytes of the 
high speed memory can be selected as internal ROM. 

Block Diagram 

IE-78310A 

RS-232C Control I 

NEe 
Emulation 

The IE-78310A allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; and single-step emulation for a 
specified number of instructions or until a register con­
ditionis satisfied. Following termination of real-time 
emulation or during single-step emulation, the registers, 
stack pointer, program status word, and program 
counter are displayed. Following a real-time emulation 
break, the IE-78310A enters the single-step mode. Each 
time the space bar is pressed during Single-step emula­
tion, the next smallest group of instructions Is executed 
and the above data is displayed. 

Emulation Accuracy 

Once a breakpoint is reached during emulation, the next 
few instructions are executed before breaking actually 
occurs. This Is known as Slip. The exact number of 
instructions Slipped depends on the instructions in the 
prefetch queue and whether the emulation chip is ac­
cessing internal ROM or external memory. Ports 0, 2, 3, 
the AID, and the refresh signals are identical to the 
"PD78310AI"PD78312A. However, other signals differ 
from the actual device due to buffering and control 
gating. 

Emulator Probe 

Target Probe ........ 1 I 
Host :.:.:.::::::::::~ ::::::::::::::~:::::::.:.:.y.:,:""N··· Trace IE System Bus 

Driver 
Module Module 

\. 
8 External Sense Clips 

49NR-581B 
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Self-Diagnostics 

A self-diagnostic command monitors the IE-7831OA for 
error-free operation. It checks alternate RAM, user RAM, 
address/data bus, the 64-pin probe, the emulation chip 
(including all port lines), and both the EANpp and reset 
lines. 

Breakpoint Capabilities 

The break function can be divided into three types: break 
register (physical and logical) breaks, command breaks, 
and fail-safe breaks. The user sets physical break regis­
ters to cause emulation breaks upon address, data, 
status or loop count; instruction count; timer (1 to 
65,535 ms range) or matching a set of conditions on the 
eight external sense clips. Combinations of these phys­
ical registers can then be set to the logical break regis­
ters and executed when running a break command. 
Command breaks are set in the emulation command and 
can cause emulation breaks after a specified number of 
steps are executed or a register condition is satisfied. 
Fail-safe break conditions occur unconditionally and 
include manual break (ESC key), non-mapped memory 
break, write-protected memory break, and reset break. 

Trace Capabilities 

The IE-78310A has a 2K x 44-blt trace RAM for storing 
emulation data from each machine cycle. Given a user­
specified range, trace can be performed upon address, 
data, frame status Signals (RD, WR, MSRD, MSWR, OP, 
M1), ports PO to P5, and the eight external sense clips 
for up to 2,047 machine cycles. There are three types of 
trace displays: frame mode, macro service mode, and 
instruction mode. In frame mode display, the frame 
number and type, address and data information and port 
and external sense clip status are displayed for each 
frame in the order In which they are traced. In instruction 
mode, the executed instructions are displayed with their 
frame number, instruction address, mnemonics and op­
erands. In macro service mode, reads/writes of the 
macro service routines are added into the instruction 
mode display. 

CMOS Protection 

The latch-up alarm circuit is activated when any CMOS 
IC in the driver module is in danger of being damaged by 
improper voltage levels on the pins. A protection circuit 
isolates the power supply to CMOS ICs and the message 
"emulation CPU latchup I" is displayed. 

IE·78310A 

Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid programming in machine code. The symbolic 
debugging commands allow the use of labels instead of 
absolute addresses. Full data manipulation capability is 
available for the user with the change register/memory 
commands. Initialization commands allow the user to 
choose a clock source and a base number, and to define 
the system memory map. 

System Mode 

The IE-78310A can be connected to an IBM P~, 
PC/XT$, PC ATe, or MD-086FD-10 by an. RS232C part 
and operated in system mode. By using the accompa­
nying control software, the debugging capabilities of the 
IE-78310A-R are greatly increased. It has a macro com­
mand file capability, allowing the user to execute a 
defined set of commands automatically. The on-line help 
facility, the history command, and the ability to store the 
console display on disk ease debugging tasks. The 
uploading/downloading capability can be utilized to up­
load and download both object code and symbol infor­
mation. Other advantages are a verify command that 
compares memory to hex files, an alter symbol com­
mand, and a termination command for exiting to the 
operating system. 

Table 1 lists commands available for both the stand­
alone and system modes of the IE-78310A Commands 
listed in table 2 supplement table 1, but can only be used 
in the system mode. 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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Table 1. Stand-Alone and System Mode 
COtnIIIIInds 

Command Function 

ASM Une assemble command 

BR? 

ClK 

DAS 

DIG 

lOD 

MAP 

MDR 

MEM 

MOD 

MOV 

REG 

RES 

RUN 

SAV 

SPR 

SUF 

SYM 

ChangeS/displays breakpoint register used for 
stopping reel-time emulation 

Clock command (Internal or external) 

Disassemble command 

Self-dlagnostlc command 

Loads hex format file Into program memory 

Memory mapping (64K bytes are accessible) 

DisplayS/modifies mode registers of emulator CPU 

Memory manipulation command 

Sets channel two mode setting 

Moves memory content to different mapping area 

DisplayS/modifies registers of emulator CPU 

Resets IE-78310A and/or emulator CPU 

Commences execution of emulator CPU In real-time 
with options for break conditions 

Saves contents of hex memory onto disk 

Displays/modifies special registers of emulator CPU 

Base number specification (hex, octal, binary, 
declmaQ 

Clears, displays, or chimges a symbol 

TR? ChangeS/displays trace conditions for either real-time 
or single-step emulation 

VFf( Compares memory and hex files 

Table 2. System Mode Only Commands 
Command Function 

COM Creates command file 

DIR Displays filenames 

EXT Terminates IE-78310A controller program operation 

HIS Displays last twenty commands 

HLP Displays command format 

lST Stores console display on disk 

STR Automatically executes macro command file 

SYM loads and saves symbol file 

Equipment Supplied 

The IE-78310A-R package consists of the following: 

• IE-78310A housing 
• Target probe cable 
• Target probe unit for 64-pin shrink DIP socket 

(EP-78310CW) 
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• Target probe unit for 64-pin QUIP socket 

(EP-78310GQ) 

• External sense clips 
• IE-78310A-R user's manuals 
• System disk for MD-086 series 
• System disk for IBM PC 
• AC power cable 
• AC ground adapter 
• Ground cable 
• Spare fuse 
• RS-232C interface cable 
• Two 16-pin component carriers 
• Warranty policy and registration card 

Basic Specifications 

• Weight: 10.5 kg 
• External dimensions: length, 395 mm; width, 291 mm; 

height, 217 mm 
• Power consumption: 100 V AC, 50/60 Hz, 5 A 

Environmental Characteristics 

• Operating temperature range: 10 to + 40°C 
• Storage temperature range: -20 to + 45°C 
• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on IE-78310A operation, NEC 
Electronics Inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78310A "PD7831XA In-Circuit Emulator Hardware 
User's Manual 

• IE-78310A "PD7831XA In-Circuit Emulator Software 
User's Manual 

• IE78310A Controller Manual (IBM PC Based) 
• IE-78310A Sample Session (IBM PC Based) 

Additional copies may be obtained from NEC 
Electronics Inc. 
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NEC Electronics Inc. 

Description 

The IE-78320 is an in-circuit emulator providing both 
hardware emulation and software debugging capabili­
ties for the NEC I'PD78320 and I'PD78322 single-chip 
microcomputers. Real-time and single-step emulation, 
combined with sophisticated memory mapping features, 
breakpoints and trace capabilities, create a powerful 
debugging environment. A line assembler and disassem­
bler, full register and memory control, symbolic debug­
ging, and complete upload/download capabilities sim­
plify the task of debugging hardware and software. 

Features 

o Real-time and non-real-time emulation 

o User-specified breakpoints 
- Logical OR of up to four sets of. break conditions 
- Executed instruction count 
- External sense clip number one condition 
- Parallel or sequential instruction address break 
- Logical AND of addresses, data values, CPU 

status, loop count, and external sense clip data 
for either the main or internal CPU bus 

MS·DOS is a registered trademark of Microsoft Corporation. 
IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 

IE-78320 
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IE-78320 
In-Circuit Emulator 

o Sophisticated trace capabilities 
- Traces main and internal CPU bus activity or 

main bus and external sense clip activity 
- 2K x 44-bit trace buffer 
- Instruction, instruction with macro service, or 

frame display 
- Trace search capability 
- Trace display before or after specified break 

o Powerful memory mapping 
- Up to 56K bytes of RAM for internal ROM, turbo 

access manager memory, or off-chip memory 
emulation 

- Mappable in 8K-byte blocks 

o Emulation timer and instruction counter 

o Line assembler/disassembler 

o Symbolic debugging 
- 7,000 symbols available 

o CMOS latch-up warning and protection 

o Eight external sense clips on emulator probe 

o Stand-alone or system mode with host control 
program 

o Centronics parallel interface for optional high-speed 
download 
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Block Diagram 

IE-78320-R Emulator Probe 

C~:~ I A IE System Bus -" J~~~~[il-. _-.:.Ta:::.rge!!:::..:t P...:,;ro:,::b::,.e ---CLJI 
Module .J I 

RS-232C 

Host "'" """"""""'. 

Ordering Information 
Part Number 

IE-78320-R 

EP-78320L-R 

Description 

In-circuit emulator for I'PD78320 and "PD78322 

Emulator probe for 74-pin QFP (optional) 

Emulator probe for 68-pin PLCC package 
(optionaQ 

Hardware Description 

. The IE-78320 hardware consists of a control/trace mod­
ul,e, driver module, target probe, external sense clips, 
and the interconnecting system bus. The control/trace 
module includes the trace control unit, emulation mem­
ory unit, break control unit, and the latch-up alarm unit. 
The control/trace module also houses the emulation 
CPU, which is connected directly to the target emulation 
probe. The driver module houses the serial and parallel 
interface circuits, trace RAM, control CPU, and system 
memory. 

Memory Mapping 

The IE-78320 incorporates a sophisticated memory 
mapping scheme which allows the 64K bytes of micro­
computer memory space to be mapped to internal or 
external memory in 8K-byte units. Even if development of 
the target system is not complete, software debugging is 
possible by using internal RAM in place of the target 
system RAM or ROM. 

The first 56K bytes of memory space can be emulated in 
the in-circuit emulator as internal on-chip ROM, turbo 
access manager (p.PD71 P301) memory, off-chip memory 
(RAM) or write-protected off-chip memory (ROM); it can 
be mapped to the user system; it can be left unmapped. 
The remaining 8K bytes of memory space excluding the 
on-chip internal RAM and special function register area 
can be mapped to the user system or be left unmapped. 

9-84 

8 Extemal Sense Clips 

49NR-661B 

Emulation 

The IE-78320 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; non-real-time program execution for a 
specified number of instructions or until a register con­
dition is satisfied. During non-real-time program execu­
tion, the display and trace of procedures at a nesting 
level deeper than the routine from which execution was 
started is optional. During non-real-time emulation, each 
executed instruction is displayed with its frame number 
and bus cycle status, instruction address, data, label, 
mnemonic, and operands. Display of the registers is 
optional and can be specified by the user. 

Following termination of real-time program emulation, 
the elapsed emulation time, number of instructions exe­
cuted, and the registers (general registers, stack pointer, 
program counter, and program status word) are dis­
played and the IE-78320 enters single-step emulation 
mode. Following termination of non-real-time program 
emulation, the IE-78320 enters the single-step emulation 
mode. Each time the enter key is pressed during single­
step emulation, the next instruction is executed and its 
frame number and bus cycle status, instruction address, 
data, label, mnemonic, operands, and registers are dis­
played. 

Emulation Accuracy 

All port-related and A/D converter related signals are 
taken directly from the emulation chip. These signals 
function identically to the devices. To improve signal 
quality a 100 {) resistor is inserted in series on each 
port-related line. Other signals differ from the actual 
device due to buffering and control gating. 
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Breakpoint Capabilities 

The IE-78320 has four types of break functions: event 
detection breaks, command breaks, fail-safe breaks, and 
manual breaks. Event detection breaks can be set to 
stop emulation on: address, data, status, external data, 
or loop count for main bus activity (addresses OH to 
OFDFFH and OFFDOH to OFFDFH); address, status, 
external data, or loop count for CPU internal bus activity 
(addresses OFEOOH to OFFCFH and OFFEOH to 
OFFFFH); matching a condition on external sense clip 
number one; executed instruction count; four parallel 
instruction address breakpoints or up to a four-level 
sequential instruction address breakpoint. Combina­
tions of the above conditions can be specified as a break 
event and enabled for real-time emulation. 

Once a break event associated with main bus activity or 
CPU internal bus activity is reached during emulation, 
several instructions are executed before emulation is 
stopped. The exact number of instructions slipped (slip­
page) depends on the instructions in the prefetch queue 
and if the emulation CPU is accessing internal ROM or 
external memory. Slippage does not occur on parallel or 
sequential instruction address break events. 

Command breaks can be specified on the command line 
of the non-real-time emulation command. Non-real-time 
emulation can be ,stopped when an internal register 
condition is satisfied or a specified number of instruc­
tions have been executed. 

Fail-safe break conditions oCcur unconditionally and 
include a non-map access break, write protected break 
and turbo access break. A non-map access break occurs 
when an attempt is made to access a non-mapped 
memory area or non-existing special function register 
(SFR). A write-protected break occurs when an attempt 
is made to write to read-only emulation memory or SFR. 
A turbo access break occurs when a continuous fetch 
operation is performed on any off-Chip emulation mem­
ory. 

A manual break occurs when the ESC key is input during 
non-real-time execution, or the STP or reset command is . .' 
IIIJJUL UUIIIIY It::al-Lllllt:: CAt::l..oULIVII. 

Trace Capabilities 

The IE-78320 has a 2K x 44-bit trace RAM for storing 
emulation data from each machine cycle. The addresses, 
data, and CPU status of the main bus are always traced 
along with either the addresses and status of the CPU 
internal bus or the external sense clips as selected by 
the user. There are three types of trace displays: frame 
mode, instruction mode, and instruction mode with 
macro service. In the frame mode display, the frame 

IE·78320 

number and type, address and data information and 
external sense clip status are displayed for each frame in 
the order in which they are traced. In instruction mode, 
the executed instructions are displayed with their frame 
number, bus cycle status, instruction address, data, 
external sense clip data, label, mnemonics, and oper­
ands. In the instruction mode with macro service, macro 
service reads and writes are added to the instruction 
mode display. 

A number of trace display options are available. These 
include the display of all trace data, the display of all 
frames related to branch processing and the occurrence 
of an interrupt, the display of only the frames meeting the 
trace data search conditions, the display of five lines 
before or after the frame meeting the trace data search 
condition and the display of a specified number of lines 
following the detection of the specified break condition. 

During real-time program execution without break­
points, the break condition can be used to stop the 
tracer a specified number of frames after the break 
condition is satisfied. At tracer stop time, the trace 
buffer can be viewed, new trace conditions set, and the 
tracer restarted while the program continues to execute 
in real-time. 

CMOS Protection 

The latch-up warning circuit is activated when a CMOS 
latch-up condition occurs in the emulation CPU or any of 
its peripheral CMOS devices. A protection circuit iso­
lates the power supply to the emulation CPU, its periph­
eral CMOS devices and all TTL devices driving the 
CMOS devices and the message "Emulation CPU 
Latchup !" is displayed. 

Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid debugging in machine code. The symbolic debug­
aina commands allow the use of labels instead of abso­
iute addresses. Full data manipulation commands are 
available for memory, the general registers, and special 
function registers. Initialization commands allow the 
userto choose a clock source, a base number, to specify 
the serial parameters for channel two and to define the 
system memory map. Other commands are available to 
evaluate an arithmetic expression,to output an external 
trigger signal when an specified event has occurred, and 
to control an NEC PG-series PROM programmer. 
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System Mode 

The IE-78320 can be connected to an IBM PCCU>, PC/XTCU>, 
PC ATCU>, or PC-9OO0 series by an RS232C port and 
operated in system mode. By using the accompanying 
control software, the debugging capabilities of the IE-
78320 are greatly increased. The controller program has 
a macro .command file-capability, allowing the user to 
execute a defined set of commands automatically. The 
on-line help facility, the history command display, and 
the ability to send the console display to a printer or to 
the disk ease debugging tasks. The uploading and down­
loading capability can be utilized to upload and down­
load both object code and symbol information. 
MS-DOSCU> programs can be executed without terminat­
ing the controller program. Other advantages are a verify 
command that compares memory to hex files, an alter 
symbol command, and a termination command for ex­
itingto the operating system. 

Table 1 lists commands available for both the stand­
alone and system modes of the IE-78320. Commands. 
listed in table 2 supplement table 1, but can only be used 
in the system mode. 

Table ,_ Stand-Alone and System Mode 
Commands 

Command Function 

ASM 

BRA 

BRD 

BRE 

BRM 

BRS 

BRn 

ClK 

CNT 

DAS 

Assembles source code line by line 

. Specifies break events In program or internal data 
memory area 

Selects external signal as break !lvent 

Sets a number of Instructions executed as break 
event 

Enables break events 

Sets paraliel or sequential instruction address 
breakpoints 

ORs various break events together (n = 0 to 3) 

Selects internal or external clOck 

Displays elapsed emulation time and number of 
Instructions executed 

Disassembles program memory 

D lV - Changes/displays number of frames to be traced after 
trace trigger has been detected 

lOD loads hex format file into program memory 

MAP Displays/changes memory map 

MAT .Evaluates arithmetic expression 

MDR Displays/modifies mode registers of emulator CPU 

MEM Dlsplays/ changes/fills/moves/exchange/ searches/ 
verifies/tests memory 

MOD Sets channel two serial parameters 
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Table 1. Stand-Alone and System Mode 

Commands {confJ 

Command Function 

MOV Moves memory content to different mapping area 

OUT Outputs external trigger 

PGM Controls PG series programmer from 1E-78320 

REG Displays/modifies registers of emulator CPU 

RES Resets the IE-78320 and/or emulator CPU 

RU N Executes programs In reahtlme or non-real-time 

SAV Saves contents of memory onto disk 

SF R DisplaYS/modifies special function registers of 
emulator CPU 

SPR Displays/modifies special registers of emulator CPU 

STP Stops emulation CPU during rea~tlme emulation 

SYM ACids/deletes/dlsplays/changes/loads/saveS symbols 

TRD DisplaYs trace data 

TRF 

TRG 

TRM 

TRP 

VRY 

Sets condition for trace buffer search 

Starts reill-time tracer during real-time emulation 

Selects CPU internal bus or external sense clips for 
tracing 

Displays/moves trace buffer pointer 

Compares contents of an object file with memory 

Table 2. System Mode Only Commands 

Command 

COM 

DIR 

DOS 

EXT 

HIS 

HLP 

lOD 

lST 

SAV 

STR 

Function 

Creates command file 

Displays disk directory 

Aliows execution of MS-DOS programs 

Terminates IE-78320 controlier program operation 

Displays last twenty commands 

. Displays format of commands 

loads object code and symbol files 

Sends console display to disk or printer 

Saves contents of memory and the debug 
envirllnment onto disk 

Automatically executes command string file 
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Equipment Supplied 

The IE-78320-R package consists of the following: 

• IE-78320-R housing 
• IE-78320 user's manuals 
• PC-9800 series system disk 
• IBM PC system disk 
• AC power cable 
• AC ground adapter 

• Ground cable 
• Spare fuse 
• RS-232C interface cable 
• Warranty policy and registration card 

Basic Specifications 

• Weight: 8.5 kg 
• External dimensions: 

length, 370 mm; width, 160 mm; 
height, 283 mm 

• Power source: 100 V AC, 50/60 Hz 

IE·78320 

Environmental Characteristics 

• Operating temperature range: 10 to + 40°C 
• Storage temperature range: 20 to + 45°C 
• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on IE-78320 operation, NEC 
Electronics Inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78320 jJ.PD78320/322 In-Circuit Emulator Hardware 
Manual 

• IE-78320 jJ.PD78320/322 In-Circuit Emulator Software 
Manual 

Additional copies may be obtained from NEC 
Electronics Inc. 
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Description 

The CC7831X C compiler package for the NEC 
~PD7831X1~PD7831XA microcomputers consists of a 
Kernighan and Ritchie compatible C cross compiler 
(CC310), relocatable assembler (RA310), linker (LK310), 
librarian (LB310), locater (LC310), and an emulator con­
troller program. The CC7831X C compiler package is 
available for use on an MS-DOS® system with a free­
standing system as target (embedded system). 

Features 

o Kernighan and Ritchie standard C 
- unsigned, enum, typedef, interrupt keywords 
- extern, auto, static, register keywords 

o Legal C code verification integrated into the 
compiler 

o User-selectable and directable output files, list and 
full cross reference files 

o Macro definitions 

o Branch optimization 

o Conditional assembly 

o Simple diagnostics 

o Powerful librarian 

Ordering Information 
Part Number System 

CCMSD-15DD-7831X MS-DOS 

Descr I ptlon 

5-1/4 inch double-density floppy 
diskette 

C CROSS COMPILER (CC310) 

Description 

The CC310 C cross compiler converts standard C source 
code into relocatable object modules. The same relocat­
able object format is used for all relocatable object files 
!_ .a.1-.~ ,... ____ :1 ....... ..- ......... 1",..,.."... .,.,...,...,...". ...... 1"""',,... .... .,: ............. ............ ,.." .. ~+ ...... ..... 
II. La ..... _ .............. ,., •• """ ................ " ..... ::::t ..... W'::::II_._ ..... _ .... _ ......... ::J-•• -.-~--

(by an assembler or compiler). 

MS-DOS is a registered trademark of Microsoft Corporation. 

50258 

CC7831X 
C Compiler Package 

for the pPD7831X/pPD7831XA Series 

Compiler Options 

The CC310 C compiler supports the following options 
during compilation: 

• Integer size control 
• Include file control 
• Defining/undefining constants 
• Local symbol information included in object files 
• Prologue/epilogue control 
• Forced stack checking before each C function 
• Packed data allocation 
• Special relocatable data segment 

C Library Functions 

The CC310 C compiler library includes most of the 
important C library functions that apply to PROM based 
embedded systems. AU Jibrary functions reside in the 
supplied library files. Header files that declare the set of 
library functions are also included. 

The following character operation macros are available: 

CHARACTER HANDLING < ctype.h > 

Classification Macros: 

isalnum isalpha isascii iscntrl isdigit isgraph 
islower isprint ispunct isspace isupper isxdigit 

Conversion Macros: 

toascii tolower toupper 

The following library functions are available: 

NON-LOGICAL JUMPS <setjmp.h> 

longjmp setjmp 

FORMATTED INPUT/OUTPUT <stdio.h> 

sscanf sprintf 
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GENERAL UTILITIES 

crtO (startup for C programs) 
cipt (interrupt system support) 
chkstk (check for stack overflow) 

STRING HANDLING < string.h > 

strcat strchr strcmp strcpy strcspn strlen strncat 
strncmp strncpy strpbrk strrchr strspn strtok 

MATHEMATICS 

abs atoi atol 

Memory Models 

CC310 supports only the small memory model, since the 
ILPD7831X/ILPD7831XA can only address a maximum of 
64K bytes of program memory. 

RELOCATABLE ASSEMBLER (RA310) 

Description 

RA310 translates a symbolic source module into a relo~ 
catable object module. The assembler verifies that each 
instruction is valid for the target ILPD7831 X, ILPD7831XA, 
or ILPD7832X microcomputer and produces a listing file 
and a relocatable object module. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *,.t, MOD, OR, AND, 
NOT, XOR, EO, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, ., 0, and character constants. 

Macro Capability 

RA310 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call because the invocation of 
a macro in the source code results in the direct replace­
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem­
bly. Basic assembler directives include: storage defini­
tion and allocation directives (DB,DW, DS, OBIT); symbol 
directives (EOU, SET); location counter control directive 
(ORG). Program control directives include: segment di­
rectives (CSEG, CSEG FIXED, CSEG CALLTO; CSEG 
CALLT1, DSEG, BSEG, ENDS); linkage directives 
(NAME, PUBLIC, EXTRN, EXTBIT); register assignment 
directives (RSS); macro directives (MACRO, LOCAL, 
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REPT, IRP, ENDM, EXITM); automatic BR instruction 
selection directive (BR) and assembly termination direc­
tive (END). 

Assembler Controls 

There are two types of assembler controls available for 
RA310. The primary controls specified in the assembler 
command line or at the beginning of the source module 
are as follows: 

• Processor selection 

• Output object file selection 

• Output list file selection 
• Listing format controls 
• Date specification 
• Optimization selection 
• Workfile drive selection 
• Symbol letter case selection 

General controls, specified in the source program, are as 
follows: 

• Inclusion of other source files 

• Page eject 
• Generation/suppression of listing 
• Listing subtitles 
• Conditional assembly controls 

LINKER (LK310) 

LK310 combines multiple relocatable object modules 
and library modules and converts them into a single 
relocatable object module. The linker resolves PUBLICI 
EXTRN references between modules, creating a relocat­
able output module that contains both relocatable object 
code and symbol information. The linker wi II also search 
library files for required modules to resolve external 
references. The linker controls for LK310 may be speci­
fied in either the command line or in a parameter file. 
Linker options .incl ude specifyingthe date and the abso­
lute load module name, specifying the creation of a list 
file containing a link map, and specifying the letter case 
for symbols. 

LOCATER (LC310) 

LC310 converts a relocatable object module with no 
external references into an ASCII hexadecimal format 
absolute object code file. The locater outputs two files: 
an absolute load file in an expanded seven-bit ASCII 
hexadecimal format, which can be downloaded to a 
PROM programmer and a symbol file for the symbolic 
debugger. Locater options include specifying the start­
ing address and order for code/data/stack segments, 
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specifying areas of memory to be protected from being 
assigned, and specifying the creation of a map file with 
symbol tables. 

LIBRARIAN (LB310) 

LB310 allows commonly used relocatable object mod­
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included in the input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

The librarian creates and maintains library files contain­
ing relocatable object modules. Modules can be added 
to or deleted from a library file, or the contents of the 
library file can be listed. 

EMULATOR CONTROLLER PROGRAM 

Absolute object files produced by the CC7831X C com­
piler package can be debugged using an NEC stand­
alone in-circuit emulator. An NEC emulator controller 
program allows you to communicate with the emulator 
through an RS-232C serial line. The emulator controller 
program is available to run on the IBM PC®, PCf)<T®, or 
PC AT® under MS-DOS. It provides the following fea­
tures: 

• Uploading/downloading of object/symbol files 
• Symbolic debugging capability 
• Complete emulator control from host console 
• On-line help facilities 
• Macro command file capabilities 
• Host system directory and file display 
• Storage of debug session on disk 
• Storage of last 20 commands for recall 

IBM PC, PC/XT, and PC AT are trademarks of International Business 
Machines Corporation. 

CC7831X 

LICENSE AGREEMENT 

CC7831X is sold under terms of a license agreement, 
which is included with purchased copies. The accompa­
nying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided free to registered users for one year. 

DOCUMENTATION 

For further information on source program formats, C 
compiler and assembler operation, and actual program 
examples, NEC Electronics Inc. provides the following 
documentation: 

• CC78XXX C Compiler MPD78XXX C Compiler User's 
Manual 

• CC78XXX C Compiler MPD78XXX Relocatable 
Assembler User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 
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Description 

The CC7832X C compiler package for the NEC 
IlPD7832X microcomputers consists of a Kernighan and 
Ritchie compatible C cross compiler (CC320). relocat­
able assembler (RA310). linker (LK310). librarian (LB310). 
locater (LC310). and an emulator controller program. The 
CC7832X C compiler package is available for use on an 
MS-DOSe system with a free-standing system as target 
(embedded system). 

Features 

[J Kernighan and Ritchie standard C 
- unsigned. enum. typedef. interrupt keywords 
- extern. auto. static. register keywords 

[J Legal C code verification integrated into the 
compiler 

[J User-selectable and dlrectable output files. list and 
full cross reference files 

[J Macro definitions 
[J Branch optimization 

[J Conditional assembly 
[J Simple diagnostics 
q Ppwerful librarian 

Ordering Information 
Part Number System 

CCMSD-15DD-7832X MS-DOS 

Description 

5-1/4 Inch double-density floppy 
diskette 

C CROSS COMPILER (CC320) 

Description 

The CC320 C cross compiler converts standard C 
source code into relocatable object modules. The same 
relocatable object format is used for all relocatable 
nh;",,,t fll",,, I':' th", r: "nmnll .. r n""k"n.. r .. n"rrll .. "" nf hnw 

ge~erated (by an assemhler or compiler). 

MS-DOS Is a registered trademark of Microsoft Corporation. 
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CC7832X 
C Complier Package 

for the pPD7832X Series 

Complier Options 

The CC320 C compiler supports the following options 
during compilation: 

• Integer size control 
• Include file control 
• Deflnlng/undefinlng constants 
• Local symbol Information included in object files 
• Prologue/epilogue control 
• Forced stack checking before each C function 
• Packed data allocation 
• SpeCial relocatable data segment 

C Library Functions 

The CC320 C compiler library includes most of the 
important C library functions that apply to PROM based 
embedded systems. All library functions reside in the 
supplied library files. Header files that declare the set of 
library functions are also included. 

The following character operation macros are available: 

CHARACTER HANDLING <ctype.h> 

Classification Macros: 

lsalnum isalpha isascii iscntrl Isdigit isgraph 
islower isprint ispunct isspace isupper isxdigit 

Conversion Macros: 

toascii tolower toupper 

The following library functions are available: 

NON-LOGICAL JUMPS < setjmp.h > 

longjmp setjmp 

FORMATTED INPUT/OUTPUT < stdio,h > 

sscanf sprintf 

GENERAL UTILITIES 

crta (startup for C programs) 
cipt (interrupt system support) 
chkstk (check for stack overflow) 

STRING HANDLING <string.h> 

strcat strchr strcmp strcpy strcspn strlen strncat 
strncmp strncpy strpbrk strrchr strspn strtok 

MATHEMATICS 

abs atoi atol 
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Memory Models 

CC320 supports only the small memory model since the 
"PD7832X can only address a maximum of 64K bytes of 
program memory. 

RELOCATABLE ASSEMBLER (RA310) 

Description 

RA310 translates a symbolic source module into a relo­
catable object module. The assembler verifies that each 
Instruction I~ valid for the target "PD7831X, "PD7831XA, 
or "PD7832X microcomputer and produces a listing file 
and a relocatable object module. . 

Character constants are translated Into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may Include the operators +, -, *, /, MOD, OA, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHA, SHL, LOVl( 
HIGH, .,0; and charac;ter constants. 

Macro Capability 

RA310 allows the definition of ,macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call because the invocation of 
a macro In the source code results Ih the direct replace­
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated Into machine code during assem­
bly. Basic assembler directives Include: storage defini­
tion and allocation directives (DB,DV\( DS, DBIT); symbol 
directives (EQU, SET)i location counter control directive 
(OAG). Program control directives include: segment di­
rectives (CSEG, CSEG FIXED, CSEG CALLTO, CSEG 
CALlT1, DSEG, BSEG, ENDS); linkage directives 
(NAME, PUBLIC, EXTAN, EXTBIT); register assignment 
directives (ASS); macro directives (MACAO" LOCAL, 
AEPT, lAp, ENDM, EXITM); automatic BA instruction 
selection directive (BA) and assembly termination direc­
tive (END). 

Assembler Controls 

There are two types of assembler controls available for 
RA310 .. The primary controls, specified in the al!S9mbler 
command line or a~ the beginning of the source module 
are as follows: 

• Processor selection 
• Output object file selection 
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• Output list file selection 
• Wstlng format controls 
• Date specification 
• Optimization selection 
• V\brkfile drive selection 
• Symbol letter case selection 

General controls, specified in the source program, are as 
follows: 
•. Inclusion of other source files 
• Page eject 
• Generation/suppression of listing 
• Wsting subtitles 
• Conditional assembly controls 

LINKER (LK310) 

LK310 combines multlplereloeatable object modules 
and library modules and converts them into a single 
relocatable object module. The linker resolves PUBLICI 
EXTAN references between modules, creating a'relocat­
able output module that contains both relocatable object 
code and symbol information. The linker will also search 
library files for required modules to resolve external 
references. The linker controls for LK310 may be speci­
fied In either the command line or in a parameter file. 
Linker options include specifying the date and the abso­
lute load module name, specifying the creation of a list 
file containing a link map, and specifying the letter case 
for symbols. 

LOCATER (LC310) 

LC310 converts a relocatable object module with no 
external references into an ASCII hexadecimal format 
absolute object code file. The locater outputs two flies: 
an absolute load file in an expanded .seven-blt ASCII 
hexadecimal format, which can be downloaded to a 
PAOM programmer and a symbol file for the symboliC 
debugger: Locater options include specifying the start­
ing address and order for code/data/stack segments, 
specifying areas of memory to be protected from being 
assigned, and specifying the creation of a map file with 
symbol tables. 

LIBRARIAN (LB310) 

LB310 allows commonly used relocatable object mod­
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included In the Input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 
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The librarian creates and maintains library files contain­
ing relocatable object modules. Modules can be added 
to or deleted from a library file, or the contents of the 
library file can be listed. 

EMULATOR CONTROLLER PROGRAM 

Absolute object files produced by the CC7832X C com­
piler package can be debugged using an NEC stand­
alone in-circuit emulator. An NEC emulator controller 
program allows you to communicate with the emulator 
through an RS-232C serial line. The emulator controller 
program is available to run on the IBM P~, PC/XTI!l, or 
PC ATI!l under MS-DOS. It provides the following fea­
tures: 

• Uploading/downloading of object/symbol files 
• Symbolic debugging capability 
• Complete emulator control from host console 
• On-line help facilities 
• Macro command file capabilities 
• Host system directory and file display 
• Storage of debug session on disk 
• Storage of last 20 commands for recall 

CC7832X 

LICENSE AGREEMENT 

CC7832X is sold under terms of a license agreement, 
which is included with purchased copies. The accompa­
nying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided free to registered users for one year. 

IBM PC, PC/XT, and PC AT are trademarks of International BUSiness 
Machines Corporation. 

DOCUMENTATION 

For further. information on source program formats, C 
compiler and assembler operation, and actual program 
examples, NEC Electronics Inc. provides the following 
documentation: 

• CC78XXX C Compiler ~PD78XXX C Compiler User's 
Manual 

• CC78XXX C Compiler ~PD78XXX Relocatable Assem-
bler User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 

9-95 



007832)( fttlEC 

9-96 



NEe 
NEe Electronics Inc. 

Description 

The RA78K3 relocatable assembler package converts 
symbolic source code for the "PD7831X and "PD7832X 
eight/sixteen-bit, single-chip microcomputers into exe­
cutable absolute address object code. The RA78K3 relo­
eatable assembler package consists of four separate 
programs: assembler (RA78K3), linker (LK78K3), locater 
(LC78K3); and librarian (LB78K3). 

RA78K3 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target micro­
computer specified at assembly time and produces a 
listing file and a relocatable object module. 

LK78K3 combines multiple relocatable object and library 
modules and converts them to a single relocatable 
object module. LC78K3 converts a relocatable object 
module with no external references into an ASCII hexa­
decimal format absolute object code file. 

LB 78K3 allows commonly used relocatable object mod­
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included in the input ofthe linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

Features 

CJ Absolute address object code output 
CJ User-selectable and directable output files 

CJ Macro definitions 
CJ Branch optimization 
CJ Conditional assembly 

CJ Extensive error reporting 

CJ Powerful librarian 
W Muns unaer ivIi)-uu~~ ana -vM~iviVi~;;' upefi:llill\:j 

systems 

MS·DOS Is a registered trademark of Microsoft Corporation. 
V/lIX and VMS are registered trademarks of Digital Equipment 
Corporation. 
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RA78K3 
Relocatable Assembler Package 

for the pPD7831X/7832X 

Ordering Information 
Part Number System Description 

RA78K3-D52 MS·DOS 5-1/4 Inch double·denslty floppy diskette 

RA78K3·WT1 V/lI)(/VMS 9-track 1600 BPI magnetic tape 

Program Syntax 

An RA78K3 source module consists of a series of code, 
data, or bit segments. Each segment consists of state­
ments composed of up to four fields: symbol, mnemonic, 
operand, and comment. 

The symbol field may contain a label, whose value is the 
instruction or data address, or a name which represents 
an instruction address, data address, or constant. The 
mnemonic field may contain an instruction or assembler 
directive. The operand field' contains the data or expres­
sion for the specified instruction or directive. The com­
ment field allows explanatory comments to be added to 
a program. 

Character constants are translated into seven~bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR,EQ, NE, LT, LE, GT, GE, SHR, SHL, LO~ 
HIGH, ., (), and character constants. 

Macro Definition 

RA78K3 allows the definition of macro code sequences Ir.tI 
with up to five parameters, LOCAL symbols, and special ~ 
repeated code sequences. The macro code sequence 
differs from a subroutine call: the invocation of a macro 
in the source code results in the direct replacement oft he 
macro call with the defined code sequence. 
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Assembler Directives 

Assembler directives give instructions to the assembler. 
They are not translated into machine code during assem­
bly. Basic assembler directives include: storage defini­
tion and allocation directives (DB, rJN, OS, OBIT); sym­
bol directives (EQU, SET); and location counter control 
directive (ORG). Program control directives include: 
segment directives (CSEG, OSEG, BSEG, ENDS); link­
age directives (NAME, PUBLIC, EXTRN, EXTBIT); macro 
directives (MACRO, LOCAL, REPT, IRP, EXITM, ENOM); 
automatic BR instruction directive (BR); register assign­
ment directive (RSS); .and assembly termination direc­
tive (END). 

Assembler Controls 

The RA78K3 assembler (figure 1) has two types of 
controls. Primary controls are specified in the assembler 

t\'EC 
Figure 1. Relocstsble Assembler Functlonsl 
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command line or at the beginning of the source module Linker 
and are as follows: 

• Processor selection 
• Output object creation selection 
• Output list file selection 
• Listing format controls 
• Optimization selection 
• \\brk file drive speCification 

General controls are specified in the source program 
and are as follows: 

• Inclusion of other source files 
• Page eject 
• Generation/suppression of listing 
• Listing titles 
• Conditional assembly controls 

The listing file contains either the complete assembly 
listing or only the lines with errors, and a symbol or 
cross-reference table. The symbol table shows all de­
fined symbols in alphabetical order, with the types, 
attributes, and the values initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements referring to them. The 
object file cpntains the relocatable object module. This is 
an NEC proprietary relocatable object module format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, wher­
ever possible, three-byte absolute branches into two­
byte relative branches. 
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The LK78K3 linker (figure 2) combines several relocat­
able object modules, resolving PUBLIC/EXTRN refer­
ences between modules, to create a relocatable output 
module. This output module contains both relocatable 
object code and symbol information. The linker will also 
search library files for required modules to resolve ex­
ternal references. The linker controls for LK78K3 can be 
specified in either the command line or in a parameter 
file. The programmer can specify the date, and absolute 
load module name, and control the creation of a list file 
containing a link map. 
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Figure 2. Unker Functionsl Diagram 
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Locater 

The LC78K3 (figure 3) locater outputs two files: an 
absolute load file in a seven-bit ASCII expanded hexa­
decimal format, which can be downloaded to a PROM 
programmer; and a symbol file for the symbolic debug­
ger. The programmer can specify the starting address 
and order for code/data/stack segments, and can protect 
areas of memory from being assigned. The programmer 
can specify that a map file with symbol tables be 
created. 

RA78K3 

Figure 3. LDClller Functional Diagram 
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Librarian 

The LB78K3librarian creates and maintains library files 
containing relocatable object modules. This reduces the 
number of files to be linked together by storing several 
modules in a single file. This provides an easy way to link 
frequently used modules into programs. IVIodules can be 
added to, deleted from, or replaced within a library file; or 
the contents of the library file can be listed. 
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Operating Environment 
The NEC RA78K3 package runs under a variety of oper­
ating systems. One version runs on an MS-DOS system 
with one or more disk drives and at least 128K of system 
memory. Another version runs on a Digital Equipment 
Corporation VAX computer under the VMS (Version 4.1 or 
later) operating system. 

Emulator Controller Program 

Absolute object flies produced by the RA78K3 relocat­
able assembler package can be debugged with the 
appropriate NEC stand-alone in-circuit emulator. NEC 
emulator controller programs allows communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM P~, 
PC~, OR PC ATe under MS-DOS and is provided with 
the in-circuit emulator at no extra charge. 

These emulator controller programs provide the follow­
Ing featlires: 

• Uploading/downloading of object and symbol flies 
• Symbolic debugging capability 
• Complete emulator control from host console 
• On~line help facilities 
• Macro command file capabilities 
• Host system directory and file dillplay 
• Disk storage of debug session 
• Storage of last 20 commands for recaU 
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License Agreement 

RA78K3 Is .sold under. terms of a license agreement, 
which is included with the assembler. The accompanying 
card rnust be completed and returned to NEe Electron-

. ics Inc. to register the license. Software updates' are 
provided ftee to registered users. 

Documentation 
For further information on source program formats, 
a~embler operation, and actual program examples, 
NEC Electronics Inc. provides the following documen­
tation: 

• RA78K3 "PD7831X/"PD7832X Relocatable Assembler 
Package, Language Manual 

• RA78K3 "PD7831X/"PD7832X Relocatable Assembler 
Package, Operation Manual (MS-DOS) 

• RA78K3 "PD7831)(f"PD7832X Relocatable Assembler 
Package, Operation Manual (VMS) 

This documentation Is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 

IBM PC, PClXT, and PC AT are registered trademarks of Internaltlonal 
E!UBlness Machines Corporation .• 
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NEC Electronics Inc. 

Description 

The ST78K3 structured assembler preprocessor is a 
companion program to the RA78K3 relocatable assem­
bler for the NEC p,PD783XX series of microcomputers. 
ST78K3 converts a source code file containing struc­
tured assembly statements into a pure assembly lan­
guage source file, which then can be assembled with 
RA78K3. 

ST78K3 will convert a structured assembly statement 
into one or more p,PD783XX assembly language instruc­
tions which perform the desired operation. Since 
ST78K3 converts only the structured assembly state­
ments and does not convert p,PD783XX assembly lan­
guage instructions, a structured source program can 
include a combination of p,PD783XX structured assembly 
statements and assembly language. 

ST78K3 enables the assembly language programmer to 
use some of the structures and syntax of higher-level 
languages such as the C language. This improves pro­
gram readability and reliability, and increases program­
mer productivity. 

Features 

o Control structures for conditions, looping, and 
switch-case 

o Preprocessor directives for conditional code 
generation 

DC-like representation of comparison operations 

DC-like representation of assignment/arithmetic 
operations 

o Increment and decrement operators 

o Allow use of all p,PD783XX mnemonics, registers, 
and features 

o Runs under MS-DOS® and VAX®NMS® operating 
systems 

Ordering Information 

The ST78K3 structured assembler preprocessor is in­
cluded in the following software packages at no cost: 

• RA78K3 p,PD783XX Relocatable Assembler Package 

MS·DOS is a registered trademark of Microsoft Corporation. 
VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 
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A line of source code for ST78K3 contains either a 
structured assembly statement or a p,PD783XX assembly 
language statement. p,PD783XX assembly language 
statements (p,PD783XX instructions, RA78K3 directives, 
or RA78K3 controls) pass through ST78K3 without 
change. 

Structured assembly statements consist of preprocessor II 
directives, assignment statements, and control state- • 
ments. These statements are entered one per line, and 
are terminated by a line feed character. An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon is ignored by 
ST78K3. 

Preprocessor directives cause ST78K3 to include or omit 
portions of code. Assignment statements cause ST78K3 
• - - _0- _ ..... __ ......... " ...... 

LV ~vl 1'01 cut:; VIII;; VI IIIVI II:: p.rlJ (OvA./\. at:tt:tCIIIUI Y IQllyuayc 

instructions to alter the contents of a register or variable. 
Control statements cause ST78K3 to generate the nec­
essary instructions to test conditions and change con­
trol flow based on those conditions. 
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Preprocessor Directives 

ST78K3 preprocessor directives set and test variables. 
allowing conditional processing of code; include exter­
nal files; and map instructions to p.PD783XX CALT table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 

Table ,_ Preprocessor Directives and Functions 

Directive Function 

#define NAME value Defines the variable NAME. set to the 
supplied value. 

#ifdef ABC If ABC has been defined as above. or on the 
<statements> command line with the -D option. the first set 
#else of statements is processed and the second 
<statements> set ignored; if ABC has not been defined. or 
#endif defined as zero. the first set of statements is 

ignored and the second set is processed. 

#include "filename" The named file is read from disk and 
processed as if included in the source. 

#defcallt @LABEL 
CALL !label 

#endcallt 

Whenever the instruction "CALL !label" is 
encountered in the source program. it is 
replaced by "CALLT [@LABEL]". The label 
must be defined in the CALLT table. 

ASSignment, Increment, and Decrement 
Statements 

ST78K3 provides the ability to represent an assignment. 
or an assignment with an arithmetic operation. in C 
language syntax: 

destination < assign-op > source 

The assignment operators allow either simple assign­
ment. or the combination of an assignment with an 
arithmetic operation on the source and destination. 

Examples: 

A= B ;Move contents of B register to.A 
A + = [HL] ;Add contents of memory at HL to A. 

;store in A 

Where an assignment requires an intermediate register 
to hold the value being aSSigned. the register is desig­
nated by naming it in parentheses following the assign­
ment operation. 

Examples: 

DATA 1 = B (A) ;Store contents of B into memory at 
; DATA 1. using A as temporary storage 

BC & = HL (XA) ;and BC with HL. store in BC. 
;use XA as temp 

NEe 
The increment and decrement operators (+ + and --) 
operate on a single operand. 

Table 2 lists the assignment operators with examples 
and functions. 

Table 2. Assignment Operators with Examples 
and Functions 

Operator Example Function 

A=B A--B 

< - > A < - > B Contents of A and B are exchanged 

+= A+=B A--A+B 

A-= B A--A-B 

*= AX *= B AX--AX*B 

/= AX/= C AX--AX/C 

&= A&= B A -- A & B Qogical AND) 

1= AI= B A -- A I B (logical OR) 

A'= B A -- A ' B (logical XOR) 

»= A»=B (CY--Ao.An.1--An ..... Amax--O) x B times 

«= A«=B (CY--Amax.An+1 ..... An .... Ao--O) x B times 

++ A++ A--A+l 

A- A--A-l 

Control Statements 

Control statements allow conditions to be tested. Based 
on the results of the test. blocks of code are allowed to 
be executed or skipped. Reserved words in the control 
statement define the start and end of blocks of code. and 
expressions to be evaluated. 

Example: 

if (A = = [HLJ) 
P5 = B (A) 
A = [HL] 

else 

A + = [HL] 
A- = B 
P5 = A 

endif 

;The condition is tested. 
;If A equals the content of memory 
;at HL. this code is executed. 

;Otherwise. this code is executed. 

Table 3 shows the control statements and their func-
tions. 
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Table 3. Control Statements and Function 
Control Statement Function 

if - elseif - else - endif Test variable expressions 

iLbit - elseiLbit - else - endif Test bit expressions 

switch - case - default - ends Select based on variable 

for - next Loop, test variable 

while· endw Loop, test variable 

repeat - unti I Loop, test variable 

Loop, test bit 

repeat - untiLbit Loop, test bit 

break Exit cont rol block 

continue Skip to top of block 

gotoLABEL Branch to label 

Variable And Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi­
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons: 

Table 4. Examples of Variable Expression 
Comparisons 

Comparison Meaning 

if(A) Tru e if A is non-zero 

if (A < B) True if A is less than B 

if ((A < B) && (A > C)) True if A is less than B and greater than C 

iLbit ( P1.2) True if bit 2 of P1 is 1 

iLbit (!P1.2 ) True if bit 2 of P1 is 0 

The allowable expressions using variables are shown in 
table 5. 

Table 5. Expressions and Examples 

Expression 

Primary 

Term 
T .... ~~ 0 0 .,. __ ~ 
,_ •••• __ .'W •••• 

Term II Term 

Example 

(A) 

(A <= B) 
",. _~n\ 0<) 1 .. _ ,....\\ " ___ ' __ ' ......... , 

\ \,. - --I ........... \' • ...- .... , J \ ..... ~ • ..,""'" , .. " ..... , 

((A= =C) II (A= = B) ) (logical OR) 

A primary value for a variable expression is a register 
name or defined symbol. A term consists of two primary 
values compared with a binary operator. Table 6 lists the 
supported binary operators and their meanings. 

ST78K3 

Table 6. Binary Operators 

Binary Operator Meaning 

Equals 

1= Not equal 

> Greater than 

>= Greater than or eq ual 

< Less than 

<= Less than or equal 

Bit expressions test individual bits of registers, ports, or 
memory locations. Table 7 shows the acceptable forms 
of bit expressions. 

Table 7. Bit Expressions and Examples 
Bit Express Ion Example 

BiLprimary ( PO.1) 

!BiLprimary (ICY) 

BiLprimary && BiLprimary (AO && CY) 

BiLprimary II BiLprimary (PO.211 CY) 

A Bit_primary can be either a reserved word bit identi­
fier, such as a bit of a register or port (PO.1, Cy), or a bit 
definition symbol (SBO EQU PO.2). 

ST7BK3 Operation And Controls 

ST78K3 consists of four files: ST78K3.EXE, ST78K3.0MA 
(/LPD78310A/312A), ST78K3.0MB (/LPD78320/322/327/ 
328), and ST78K3.0MC ~PD78330/334). Before invoking 
ST78K3, the user must copy the appropriate file to 
ST78K3.0M1. For example, ifthe user is developing code 
for the /LPD78310A/312A, the user must type: II 

C>COPY ST78K3.0MA ST78K3.0M1 

ST78K3 is invoked by specifying the name of the source 
file, followed by optional controls. 

Example: 

C>ST78K3 ABC.SRC -DXYZ=3 

ST78K3 reads the specified source file and produces an 
output assembly language file, which can be input to 
RA78K3. The output file contains all lines provided in the 
input source file, plus those generated by ST78K3. Lines 
containing no statements for the structured assembler 
are passed through unchanged. Lines with structured 
assembly statements are placed in the output preceded 
by a semicolon. RA78K3 treats these lines as comments. 
These commented lines are then followed by the code 
generated by ST78K3. 
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The controls for ST78K3 are specified in the preproces­
sor command line or in a parameter' file invoked in the 
command line.· Table 8 lists the ST78K3 preprocessor 
controls and functions. 

Table 8. S 1711K3 Preprocessor Controls 
Control Function 

-Ofilename Specify name of output assembly source file 

-Ffilename Specify name of parameter file to be read 

-Efilename Specify name of error listing file 

-Dsymbol[ =valuel Define a symbol Oike #define in code) 

-I[d:][directoryl Define path for include file 

-WTn1,n2,n3 Define TAB settings for generated code 

-SCcharacter Defines word symbol last character 

The -0 option allows the name of the output fUeto be 
specified. If not specified, the output file name defaults 
to the name of the input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K3. This parameter file can 
contain a list of controls to .be given to ST78K3, instead 
of or in addition to those speCified on the command line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name,· etrornumber, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name defaults 
to the name of the input source file with the extension 
. EST. ' 

The -0 control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value is specified, the value 
defaults to 1. If the source file contains a #define 
directive which specifies a variable with the same name 
as the -0 control, the value on the command line will 
override the value in the #define directive. 
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The -I control specifies a drive or directory other than the 
current drive and directory to search for include files. 

The -WT control specifies the number of TAB characters 
to insert before labels, instruction mnemonics, and in­
struction operands generated by ST78K3. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K3. 

The -SCcharacter control specifies the character used 
as the last character in a word symbol. The character 
must be a letter of the alphabet or the @, _ or ? This 
allows ST78K3 to distinguish between word and byte 
operations. Symbols which end in this character are 
treated as word symbols and will generate a word 
operation (ie. MCNW). If the -SC operation is not speci­
fied, ST78K3 assumes that a symbol ending with the 
character "P" or "p" is a word symbol. 

Documentation 

For further information on source program formats, 
preprocessor operation, and actual program Eixamples, 
NEC Electronics Inc. provides the following documenta­
tion: 

• ST78K2/ST78K3 ~P0782xx/~P0783xx Structured As-
sembler Preprocessor User's Manual 

This documentation is provided with purchased copies 
of the RA78K3 ~P0783xx relocatable assembler pack­
age. Additional copies may be obtained from NEC 
Electronics Inc . 
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NEC Electronics Inc. 

Description 

The PG-1500 series is a stand-alone EPROM programmer 
for programming 256-kilobit to 1-megabit EPROMs and 
EPROM/OTP devices for NEC's 4/8/16-bit single-chip 
microcomputers and digital signal processors. The sys­
tem consists of the PG-1500 base programmer, inter­
changeable programmer adapter modules for standard 
EPROM devices and the /l-PD75XX/75XXX series 4-bit 
microcomputers, and a variety of programmer adapters 
to support the individual devices and package types. The 
PG-1500 can be controlled from either a remote terminal 
or host computer via an RS-232C serial port, or directly 
from the on-board keypad in stand-alone mode. 

Features 

o Interchangeable modules for programming: 
- 256-kilobit to 1-megabit EPROMs 
- NEC /l-PD75XX and /l-PD75XXX series 4-bit 

microcomputers 
- NEC /l-PD78XX and /l-PD78XXX series 8-bit 

microcomputers 
- NEC V-series 16-bit microcomputers 
- NEC /l-PD77XXX digital signal processors 

o 512K-bytes data RAM 

o Silicon signature read function 

PG-1500 Series 

50117 

PG·1500 Series 
EPROM Programmer 

o PROM insertion error detection circuitry 

o Address splitting for 16/32-bit microprocessors 

o Memory edit function to change/confirm PG-1500 
buffer 

o Address/data/message display LCD 

o RS-232C serial interface 

o Centronics compatible parallel interface 

o Power-on diagnostics 

o Supports three data transfer formats 
-Intel extended hex (Note 1) 
- Extended Tektronix hex (Note 2) 
- Motorola S (Note 3) 

o Two modes of operation 
- Remote controlled 
- Stand-alone 

o Host Controller Program for IBM PC® Series 

IBM PC is a registered trademark of International Business Machines 
Corporation 

Notes: 

(1) Developed by Intel Corporation. 

(2) Developed by' Tektronix Corporation. 

(3) Developed by Motorola Inc. 
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Ordering Information 
Part Number Description Part Number Description 

PG-1500 PG-1500 Series EPROM Programmer for 27XXX PA-75P516GF Programmer Adapter for "PD75P516GF 
EPROMS, NEC 4/8116 microcomputers, and PA-75P516K Programmer Adapter for "PD75P516K DSP devices Oncludes 027A and 04A 
Programming Adapter Modules) PA-77P25C Programmer Adapter for "PD77P25C/D 

PA-70P322L Programmer Adapter for "PD70P322K PA-77P56C Programmer Adapter for "PD77P56CRlG 

PA-71 PS01 GF Programmer Adapter for "PD71 PS01 GF PA-77P2SOR Programmer Adapter for "PD77P2SOR 

PA-71PS01GQ Programmer Adapter for "PD71 PS01 GQ PA-78CP14CW Programmer Adapter for "PD78CP14cw, OW 

PA-71P301KA Programmer Adapter for "PD71 PSOl KA PA-78CP14GF Programmer Adapter for "PD78CP14GF 

PA-71P301KB Programmer Adapter for "PD71 PS01 KB PA-78CP14GQ Programmer Adapter for "PD78CP14G!R 

PA-71PS01L Programmer Adapter for "PD71 P301 L PA-78CP14L Programmer Adapter for "PD78CP14L 

PA-75P54CS Programmer Adapter for "PD75P54/64CS" PA-78P214CW Programmer Adapter for "PD78P214CW 
"PD75P54/64G PA-78P214GJ Programmer Adapter for "PD78P214GJ 

PA-75P56CS Programmer Adapter for "PD75P56/66CS, PA-78P214GQ Programmer Adapter for "PD78P214GQ 
"PD75P56I66G 

PA-75POOSCU Programmer Adapter for "PD75POOSCU/G B PA-78P214L Programmer Adapter for "PD78P214L 

PA-75P036CW Programmer Adapter for "PD75P036CW PA-78P224GJ Programmer Adapter for "PD78P224GJ 

PA-75P036GC Programmer Adapter for "PD75P036GC 
PA-78P224L Programmer Adapter for "PD78P224L 

PA-75P10BCW Programmer Adapter for PA-7BP238GC Programmer Adapter for "PD7BP238GC 

"PD75P1OSCW/DW/BCW, "PD75P116CW PA-7BP238GJ Programmer Adapter for "PD7BP238GJ 

PA-75P1OSG Programmer Adapter for "PD75P1OSG/BGF, PA-7BP238KF Programmer Adapter for "PD7BP238KF 
"PD75P116GF PA-7BP238LQ Programmer Adapter for "PD7BP238LQ 

PA-75P116GF Programmer Adapter for "PD75P10BG/BGF, PA-7BP312CW Programmer Adapter for "PD7BP312ACW/DW 
"PD75P116GF 

PA-75P216ACW Programmer Adapter for "PD75P216ACW PA-7BP312GF Programmer Adapter for "PD7BP312AGF 

PA-75P3OSGF Programmer Adapter for ",PD75PS08GF, PA-7BP312GQ Programmer Adapter for "PD7BP312AGQfR 

"PD75P316GF/AGF PA-7BP312L Programmer Adapter for "PD7BP312AL 

PA-75PSOBK Programmer Adapter for "PD75P308K, PA-78P322GJ Programmer Adapter for "PD7BP322GJ 
"PD75P316AK PA-7BP322KC Programmer Adapter for "PD7BP322KC 

PA-75P32BGC Programmer Adapter for "PD75P32BGC PA-7BP322KD Programmer Adapter for "PD7BP322KD 
PA-75P402CT Programmer Adapter for "PD75P402CT PA-7BP322L Programmer Adapter for "PD7BP322L 
PA-75P402GB Programmer Adapter for "PD75P402G B 
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Figure 1. PG-1500 System Block Dilll/Tam 

PG-1500 
Base Programmer 

1---------

Architecture 

The PG-1500 base unit contains an NEC p.PD70208 
(V40 TM) microprocessor with 128K bytes of monitor ROM, 
32K bytes of working RAM, 512K bytes of data memory, 
an RS-232C serial port, a Centronics compatible parallel 
interface, an LCD display, and a 23-key keypad. Figure 1 
shows a block diaQram of the PG-1500. 

The PG-1500 has two interchangeable programmer 
adapter modules: one for 27XXX EPROMS, NEC's 4/8/16 
bit microcomputers, and DSP devices which use the 
p.PD27C256A programming algorithm (027A board), and 
another for NEC's p.PD75XX!75XXX 4-bit microcomput­
ers which must be programmed in a serial fashion (04A 
board). These adapter modules plug directly into the top 
of the PG-1500 and can accept a wide variety of program­
mer socket adapters to support NEC's devices. Refer to 

PG·1500 Series 

Programmer Adapters 

Programmer Adapter Modules 

83ML.s8368 

the PG-1500 Programming Adapters Selection Guide for 
a list of all available adapters. 

On power-up, the PG-1500 performs a self-diagnostic on 
its internal memory, its data bus, its power supply, and 
its reference voltages. 

Operation 

The PG-1500 operates in stand-alone mode from the 
on-board keypad, or in remote control mode from an 
external terminal or from a host computer via an RS-
232C serial port. 

Stand-Alone Mode 

Table 1 lists the PG-1500 commands available iii stand­
alone mode. 
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Table 1. PG-1500 Commands in Stand-Alone 
Mode 

Command 

DEVICE SELECT 

DEVICE BLANK 

DEVICE COPY 

DEVICE PROG 

DEVICE VERIFY 

DEVICECONT 

EDIT CHANGE 

EDIT INITIAL 

EDIT MOVE 

EDIT SEARCH 

EDIT C-SUM 

FUNCTION S-IN 

FUNCTION S-OUT 

Function 

Selects the EPROM to be used 

Checks if the EPROM is blank 

Reads data from the EPROM 

Writes data into the EPROM 

Verifies EPROM contents against PG-1500 
buffer 

Performs BLANK, PROG, VERIFY 
commands in sequence 

Display/change the contents of the PG-1500 
buffer 

Initializes the PG-1500 buffer 

Moves a block of data within PG-1500 buffer 

Searches PG-1500 buffer for 1-, 2-, or 
4-byte patterns 

Performs checksum on all data in PG-1500 
buffer 

Inputs data from serial port in three formats 

Outputs data from serial port in three 
formats 

FUNCTION REMOTE Sets PG-1500 to remote control mode 

FUNCTION P-IN 

FUNCTION MODE 

Inputs data from parallel port in three 
formats 

Sets up the RS-232C serial port parameters 

The stand-alone commands fall into three groups: 
• DEVICE commands associated with the device to be 

programmed 
• EDIT commands for interacting with the PG-1500 

memory buffer 
• FUNCTION commands for setting up and controlling 

the PG-1500 

The DEVICE commands are available to check if an 
EPROM device is blank, to copy data from the device to 
the PG-1500 buffer, to write the buffer data to the device, 
and to compare the data in the device with the data in the 
buffer. Blank checking, programming, and verification of 
the device can be performed sequentially using a single 
command. 

To support various 16- and 32-bit microprocessors, the 
PG-1500 can split the data in its buffer in a variety of 
ways. When a data file is loaded into the PG-1500, the 
complete file is stored in the buffer and can be dynam­
Ically split during writing and verification. The PG-1500 
supports the address splitting modes described in table 
2. 
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Table 2. Address Splitting Modes 

Mode Description 

Normal 

16EVN 

16000 

32/2E 

32/20 

32/4E1 

32/401 

32/4E2 

32/402 

The data is not split at all. Each byte of data in the 
buffer is programmed into the device. 

Each byte of data on an even address In the buffer is 
programmed into the device. 

Each byte of data on an odd address in the buffer Is 
programmed into the device. 

The first two bytes of every four bytes in the buffer is 
programmed into the device. 

The third and fourth byte of every four bytes in the 
buffer is programmed into the device. 

The first byte of every four bytes in the buffer is 
programmed into the device. 

The second byte of every four bytes in the buffer is 
programmed into the device. 

The third byte of every four bytes in the buffer is 
programmed into the device. 

The fourth byte of every four bytes in the buffer is 
programmed into the device. 

This method of address splitting also allows the com­
plete original file to be recreated in the buffer when 
reading from a set of master EPROMs. 

A silicon signature is stored in all NEC devices and 
contains information on the device type, start and stop 
addresses, and programming voltages. The PG-1500 can 
read the silicon signature of the particular device being 
programmed either manually or automatically, or the 
device code can be entered manually. 

The EDIT commands initialize the PG-1500 buffer to a 
known value, move a block of data from one location to 
another, and change/display data at a particular ad­
dress. The PG-1500 buffer can also be searched for all 
occurrences of any 1-, 2-, or 4-byte pattern. Finally, a 
checksum can be calculated for all the data contained in 
the buffer. 

The FUNCTION commands control the setup of the 
RS-232C serial port, whether the PG-1500 checks for a 
PROM insertion error, whether the PG-1500 is operated 
through the serial port, and how data is input/output· 
from the PG-1500. Data can be input to the PG-1500 
through either the RS~232C serial port or the Centronics 

. compatible parallel port in Intel Extended Hex, Extended 
Tektronix Hex, or Motorola S formats. Data can also be 
output via the RS-232C port in any of these three 
formats. 
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Remote Control Mode 

Table 3 lists the PG-1500 commands available in Remote 
Control Mode. 

Table 3. PG-1500 Commands in Remote Control 
Mode 

Command 

RR 

RS 

RZ 

MC 

MD 

MF 

PI 

PM 

PT 

LI 

LM 

LT 

SI 

SM 

ST 

?? 

Function 

Reads data from the EPROM 

Selects the EPROM to be used 

Verifies EPROM contents against PG·1500 buffer 

Writes data into EPROM 

Checks if EPROM is blank 

Change the contents of the PG-1500 buffer 

Displays the contents of the PG-I500 buffer 

Initializes the PG-1500 buffer 

Inputs data from parallel port (Intel Extended HEX) 

Inputs data from parallel port (Motorola S) 

Inputs data from parallel port (Extended Tektronix 
HEX) 

Inputs data from serial port (Intel Extended HEX) 

Inputs data from serial port (Motorola S) 

Inputs data from serial port (Extended Tektronix 
HEX) 

Outputs data from serial port (Intel Extended HEX) 

Outputs data from serial port (Motorola S) 

Outputs data from serial port (Extended Tektronix 
HEX) 

Help command 

Host Controller Program 

The PG-1500 can be controlled from an IBM PC series 
host computer using the accompanying PG-1500 con­
troller program. The controller program has three modes 
of operation: control mode, auto mode, and terminal 
mode. 

In the control mode, commands to be executed and 
f./C1IC1f11tmm; [0 oe cflangeci are seiecrea Trom a screen 
display using the cursor control keys. The PG-1500 can 
be automatically configured from information contained 
in a optional configuration file. This file specifies the 
name of the file to be loaded, the ROM device, the 
address splitting mode, the HEX file format and whether 
the serial or parallel port is to be used for loading the 
data. 

In auto mode, the controller program reads in the con­
figuration file, configures itself accordingly, checks the 

PG-1S00 Series 

ROM device, loads the file, writes the ROM and returns to 
the operating system when 1 set of ROM devices is 
completed. 

In the terminal mode, all of the remote control com­
mands listed in Table 3 are available for entry at the 
prompt. An additional operating system shell (OS) com­
mand allows execution of MS-DOS® programs without 
termination of the controller program. This OS command 
is also available in the control mode. 

MS-DOS is a registered trademark of Microsoft Corporation 

EquipmenfSupplied 

The PG-1500 package includes the following: 

• PG-1500 EPROM Programmer Base Unit 
• 027A Socket Board for 27XXX EPROMS and 

~PD27C256A-like devices 

• 04A Interface Board for NEC ~PD75XX/~PD75XXX 
Microcomputers 

• PG-1500 Controller Program Disk for IBM PC 

• Power Cord 
• Power Ground Plug Adapter 

• Spare Fuses (2) 
• PG-1500 EPROM Programmer User's Manuals 
• Warranty Policy and Registration Card 

Basic Specifications 

• Power requirements: 
- 90 to 250 VAC, 50 to 60 Hz 

• Environment conditions: 
- Operating temperature range: 10 to 35°C 
- Operating humidity range: 20 to 80% relative 

humidity 

• RS-232C serial port: 
- Baud rates: 1200,2400,4800,9600, 19200 
- Parity: none, even, odd 
- X-ON/X-OFF: on, off 
- Bit configuration: 7, 8 
- Stop bits: 1, 2 

Documentation 

For further information on the operation of the PG-1500, 
NEC provides the following documentation: 

• PG-1500 EPROM Programmer User's Manual 
• PG-1500 Controller Program User's Manual 

(IBM PC Based) 
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Section 10 
Package Drawings 
Package/Device Cross-Reference 

2O-Pin Plastic Shrink DIP 

2O-Pin Plastic SOP 

24-Pin Plastic Shrink DIP 

24-Pin Plastic SOP 

4O-Pin Plastic DIP 

40-Pin Plastic Shrink DIP 

40-Pin Ceramic Piggyback DIP 

42-Pin Plastic DIP 

42-Pin Plastic Shrink DIP 

42-Pin Ceramic Piggyback DIP 

44-Pin Ceramic LCC (w/Window) 

44-Pin Plastic QFP 

44-Pin PLCC 

52-Pin Plastic QFP (1.8-mm leads) 

52-Pin Plastic QFP (3.5-mm leads) 

54-Pin Shrink CERDIP (w/350-mil 
window) 

54-Pin Shrink CERDIP (w/300-mil 
window) 

54-Pin Plastic Shrink DIP 

10-2 

10-3 

10-5 

10-5 

10-6 

10-6 

10-7 

10-8 

10-9 

10-10 

10-10 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

10-19 
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54-Pin Ceramic LCC (w/Window) 10-20 

54-Pin Ceramic Piggyback Shrink DIP 10-21 

54-Pin Ceramic Piggyback QUIP 10-22 

54-Pin Ceramic Piggyback QFP 10-23 

54-Pin Plastic QFP (2.55 mm thick) 10-24 

54-Pin Plastic QFP (1.5 mm thick) 10-25 

54-Pin Plastic QFP (2.7 mm thick) 10-26 

54-Pin Plastic QFP (2.05 mm thick) 10-27 

54-Pin Ceramic QUIP (w/Window) 10-28 

54-Pin Plastic QUIP 10-29 

58-Pin PLCC 10-30 

74-Pin Plastic QFP 10-31 

SO-Pin Ceramic LCC (w/Window) 10-32 

80-Pin Plastic QFP (14 by 14 mm) 10-32 

SO-Pin Plastic QFP (20 by 14 mm; 
1.8-mm leads) 

10-33 

80-Pin Plastic QFP (20 by 14 mm; 10-34 
2.35-mm leads) 

84-Pin PLCC 10-35 

94-Pin Ceramic LCC (w/Window) 10-36 

94-Pin Plastic QFP 10-37 
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Package/Device Cross Reference 
Package Device, "PO Package Device, "PO 

20-Pin Plastic Shrink DIP 7554CS 44-Pin PLCC 71 P301 L 
7554ACS 

52-Pin Plastic QFP 7507GC 
75P54CS 

(l.B-mm leads) 750BGC 
7564CS 
7564ACS 52-Pin Plastic QFP 7225G 
75P64CS (3.5-mm leads) 

2O-Pin Plastic SOP 7554G 64-Pin Shrink CERDIP 75Pl08DW 
7554AG (w/350-mll window) 7BCP14DW 
75P54G 7BP312ADW 
7564G 

64-Pin Shrink CERDIP 7BP214DW 
7564AG 

(w/300-mll window) 
75P64G 

24-Pin Plastic Shrink DIP 7556CS 
64-Pin Plastic Shrink DIP 7502BCW 7BC10CW 

7556ACS 
75P036CW 78C10ACW 

75P56CS 
75048CW 78C11CW 

7566CS 
75P056CW 78C11ACW 
751xxCW 78Cl2ACW 

7566ACS 
75P108CW 78C14CW 

75P66CS 
75Pl08BCW 78CP14CW 

24-Pin Plastic SOP (300 7556G 75P116CW 78213CW 
miQ 7556AG 75208CW 78214CW 

75P56G 7520BCW 78P214CW 
7566G 75212ACW 78310ACW 
7566AG 75216ACW 78312ACW 
75P66G 75P216ACW 78P312ACW 

40-Pin Plastic DIP 7507C 
75268CW 

7507HC 64-Pin Ceramic LCC 71 P301KB 
7508C (w/window) 
7508HC 

64-Pin Ceramic 75CG208E 
40-Pin Plastic Shrink DIP 7507CU Piggyback Shrink DIP 75CG216AE 

7507HCU 
64-Pin Ceramic 78CG14E 

7508CU 
Piggyback QUIP 

7508HCU 

40-Pin Ceramic 75CG08E 
64-Pin Ceramic 75CG208EA 

Piggyback DIP 75CG08HE 
Piggyback QFP 75CG216AEA 

42-Pin Plastic DIP 7527AC 
64-Pin Plastic QFP 75028GC 

7528AC 
(2.55 mm thick) 75P036GC 

7533C 
7504BGC 

7537AC 
75P056GC 

III 7538AC 
75104AGC 
751 OBAG C 

42-Pin Plastic Shrink DIP 7527ACU 78C14AG 
7528ACU 

64-Pin Plastic QFP 7510BAG 
7533CU 
7537ACU 

(1.5 mm thick) 

7538ACU 64-Pin Plastic QFP 71 P301GF 78Cl0GF ---.----
IOUUX\...IU \.::::.t mm mICK) Ivv'::::IIr.lr 

75POO8CU 7503GF 78Cl1GF 

42-Pin Ceramic 75CG28E 
751xxGF 78Cl1AGF 

Piggyback DIP 75CG33E 
75P108BGF 78Cl2AGF 
75P116GF 78C14GF 

75CG38E 
75206GF 78CP14GF 

44-Pin Ceramic LCC 71P301KA 7520BGF 78310AGF 
(w/window) 75212AGF 78312AGF 

44-Pin Plastic QFP 7507HGB 
75216AGF 78P312AGF 

7508HGB 
75268GF 

7500xGB 
75P008GB 
7533G 

10-3 



Package Drawings 

PackagelDevlce Cross Reference (cont) 
Package 

54-Pin Plastic QFP 
(2.05 mm thick) 

54-Pin Ceramic QUIP 
(w/WlndOw) 

54-Pin Plastic QUIP 

68-Pln PLCC 

74-Pi n Plast Ie QFP 

10-4 

Devlce,,,PD 

,7227G 
75104G 
75106G 
75108G 
75P108G 
75206G 
75208G 
78C1oo-1B 
78C11G-1B 
78C14G-1B 

71 P301 RQ 
78CP14R 
78P214R 
78P312AR 

71P301GQ 
78C10G-36 
78C10AGQ..36 
78C11G-36 
78C11AGQ-36 
78Cl2AG-36 
78C14G-36 
18CP14G-36 

, 78C10L 
78C10AL 
78C11L 
78C11AL 
78Cl2AL 
78C14L 
78CP14L 
78213L 
78214L 
78P214L 

78213GJ 
78214GJ 
78P214GJ 
78320GJ 
78322GJ 

78213GQ 
78214GQ 
78P214GQ 
78310AGQ 
78312AGQ 
78P312AGQ 

78310AL 
78312AL 
78P312AL 
78320L 
78322L 

Package 

ao-Pln Ceramic LCC 
(w/WlndOw) 

ao-Pin Plastic QFP 
(14 by 14 mm) 

80 -Pin Plastic QFP 
(20 by 14 mm; 1.8-mm 
leads) 

ao-Pin Plastic QFP 
(20 by 14 mm; 2.35-mm 
leads) 

54-Pin Plastic PLCC 

94-Pin Ceramic LCC 
(w/Wlndow) 

94-Pln Plastic QFP 

Device, "PD 

75P308K 
75P316AK 

75328GC 
75P328GC 
78233GC 
78234GC 
78P238GC 

753xxGF 
75P308GF 
75P316GF 
75P316AGF 

7228G 
7228AG 

78220L 
78224L 
78P224L 
78233LQ 
78234LQ 
78P238LQ 

78P238KF 

78220GJ 
78224GJ 
78P224GJ 
78233GJ 

,78234GJ 
78P238GJ 

NEe 
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20-Pin Plastic Shrink DIP 

Item Millimeters Inches 20 11 

A 19.57 max .771 max 

B 1.78 max .070 max 

C 1.778 (TP) .070 (TP) 

D O.SO ±0.10 .020 ~:gg~ 
F 0.85 min .033 min 

G 3.2 ±0.3 .126 ±.012 

H 0.51 min .020 min 

I 4.31 max .170 max 

J 5.08 max .200 max 

K' 7.62 (TP) .300 (TP) 

L 6.5 .256 

M 0.25 ~g:6~ .010 ~:gg~ 
N 0.17 .007 

• Item K to center of leads 
when formed parallel. sl ..... 

I-o ..."f$J"-L.:..:..N ...,,®=<.JM I 
P20C-70·300B 49NR·sg36 (9/89) 

20-Pin Plastic SOP 

Item Millimeters Inches 

A 13.00 max .512 max 

B 0.78 max .031 max 

C 1.27 (TP) .050 (TP) 

D 0.40 ~g:6g .016 ~:gg~ 
E 0.1 ±0.1 .004 ±.004 

F 1.8 max .071 max 

G 1.55 .061 

20 11 

E I; 1~1 
A 

H 7.7 ±0.3 .303 ±.012 

5.6 .220 

1.1 .043 

K 0.20 ~g:6~ .008 ~ :gg~ 

L 0.6 ±0.2 .024 ~:gg: 
,-rr!;~ 

M 0.12 .005 o f$J M ®I 
P20GM·50-300B, C 49NA-594B (Q/S9) 
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24-Pin Plllstic Shrink DIP 

Ilem Millimeters 

A 23.12 max 
a 1.78 max 

C 1.778 (TP) 

D 0.50 ±0.10 

F 0.85 min 
G 3.2 ±0.3 

H 0.51 min 
4.31 maX 

J 5.08 max 
K· . 7.62 (TP) 

L 6.5 

N 0.17 

• Item K to cent .... of leads 
when formed parallel. 

S24C>7o.300S 

Inches 

.911 max 

.070 max 

.070 (TP) 

.033 min 

.126 ±.012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.256 

.007 

24-Pin Plllstic SOP (300 mil) 

Ilem Millimeters Inches 

A 15.54 max .612 max 
a 0.78 max .031 max 

C 1.27 (TP) .050 (TP) 

D 0.40 ~g:rig .016 ~:gg~ 
E 0.1 ±0.1 .004 ±.004 
F 1.8 max .071 max 
G 1.55 .061 

H 7.7 ±0.3 .303 ± .012 
I 5.6 .220 

1.1 .043 

K 0.20 ~g:Jg .008 ~:gg~ 

L 0.6 ±0.2 .024 ~:gg; 
M 0.12 .005 

P24GM-SO·3008 
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[£] f$l N ®i 
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NEe Package Drawings 

4D-Pin Plastic DIP 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 15.24 [TP] .600 [TP[ 

C 13.2 .520 

D 5.72 max .225 max 
40 21 

E 4.31 max .170 max 

F 3.6±O.3 .142±.012 

G 2.54 max .100 max 

H 2.54 [TP] .100 [TP] 

I 1.2mln .047 min 

J 0.51 min .020 min 

K 0.50 ±O.10 .02O±.004 

L 0.25 ~:6~ .010 ~:~~~ 
~; : : : : : : : : :-: : : : : : : : : ; .1 

A 
M 0.25 .010 

ffi,~ 
'""tl .-It-' ~L 

P4OC·1()o"600A 83vQ.6140B (6189) 
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Package Drawings NEe 
4O-Pin Plastic Shrink DIP 

Item Millimeters Inches 

A 39.13 max 1.541 max 

B 2.67 max .106 max 
40 21 

C 1.778 (TP) .070 (TP) 

D 0.50 ±0.10 .020 ~ :gg~ 
F 0.9 min .035 min 

G 3.2 ±0.3 .126 ±.012 

H 0.51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K" 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.25 ~g:~~ . 010 ~:gg~ 
N 0.17 .007 

I . 
A 

20 .1 
" Item K to center of leads 

when formed parallel. 

0 
L 

/ _LL 

\-

,~!~IH H H 
H 

M 0-15' ...... 
o f$J N ®I 

P4OC-70..aOOA 49NR-544B (7189) 
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NEe Package Drawings 

4O-Pin Ceramic Piggyback DIP 

Item Millimeters Inches 
A 53.34 max 2.100 max 

C 20.32 ± 0.4 .800 ± .016 

F 2.54 .100 

G 0.92 min .036 min 

H 0.46 ±0.05 .018 ±.002 

0.25 .010 

2.54 [P) .100 (TP) 

M 2.54 max .100 max 

N 0.25 ±0.05 .010 ~:~~~ 
Q 15.24 .600 

S 7.28 max .287 max 

T 1.0 min .039 min 

U 3.5,±0.3 .138 ±.012 

V 3.0 max .118 max 

,-
28 15 

00000000000000 

~ -
./ 

c 

00000000000000 
1 14 

'-
A 

I P40E·100·' 

OJ I$l I @i 
49NR·597a 1918911 
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Package .Drawings 

42-Pln PI.stlc DIP 

42 

Item Mllllmet.re Inch. 

A SS.88 max 2.2 max 

B 2.54 max .100 max 

C 2.54[TP] .100 [!Pl 

0 0.50:t0.10 .02O~:~O: 
F 1.2 min .047 min 

G 3.6iC.30 .142:t.012 

H 0.51 min .020 min 

4.31 max .170 max 

J 5.72 max .226 max 

K 15.24 (TP] .600 [TP] 

L 13.2 .520 

M O.25~~:ri~ .010 ~:gg: 

N 0.25 .01 

PoI2C-1OD-8OOA, S 

42-Pln PI.stlc Shrink DIP 

Item Millimeters Inches 

A 39.13 max 1.541 max 

B 1.78 max .070 max 

C 1.778 (TP) .070 (TP) 

0 0.50 :to.10 .020 ::gg~ 
F 0.9 min .035 min 

G 3.2 :to.3 .126 :t.012 
H 0.51 min .020 min 

4.31 max .170 max 

J 5.08 max .200 max 

K" 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.25 :g:cig .010 ::gg~ 
N 0.17 .007 

" Item K to center of leads 
when fonned parallel. 

0 
L 

P42C-70-600A 
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NEe Package Drawings 

42-Pin Ceramic Piggyback DIP 

Item Millimeters Inches 

A 55.88 max 2.200 max 

C 20.32 ±0.4 .800 ±.016 

F 2.54 .100 

G 0.92 min .036 min 

H 0.46 ±0.05 .018 ±.002 

0.25 .010 

2.54 (TP) .100 (TP) 

M 2.54 max .100 max 

N 0.25 ±0.05 .010 ~:gg~ 
Q 15.24 .600 

S 7.28 max .287 max 

T 1.0 min .039 min 

U 3.5 ±0.3 .138 ±.012 

V 3.0 max .118 max 

-
28 15 

00000000000000 

~ -
1/ 

c 

00000000000000 
1 14 

~-

I. ·1 A 

V 

s m 
u 

I P420·100·A 49NR· .... (9189) I 

10-11 



Package Drawings NEe 
44-Pin Ceramic LCC (w/Window) 

Ilem Millimeters Inches 

Ii-
A 

A 16.51 ± 0.4 .650 ±.016 
8 

8 15.50 .610 
C 15.50 .610 

D 16.51 ±0.4 .650 ±.016 

E 1.02 .040 

F 1.52 .060 

G 3.048 max .120 max C D 

H 0.64 ±0.10 .025 ±.004 

I 0.12 .005 

J 1.27 (TP) .050 (TP) 

K 1.27 ±0.2 .050 ±.008 
L 2.16 ±0.2 .085 ±.008 

P 0.2 rad .008 rad 
Q 1.02 cor .040 cor 

R 1.905 .075 

S 1.905 .075 

T 8.89 dia .350 dia 
y 0.51 cor .020 

01$l I ®I 
X44KW-SOA-1 49NR-69BB (3190) 
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NEe Package Drawings 

44-Pin Plastic QFP 

Item Millimeter. Inche. A 

A 13.6 ±0.4 .535 ~:g~~ 

B 10.0 ±0.2 .394 ~ :ggg 
c 10.0 ±0.2 .394 ~ :ggg 
D 13.6 ±0.4 .535 ~ :g~~ 

C D 
F 1.0 .039 

G 1.0 .039 

H 0.35 ±0.10 .014 ~:gg~ 
0.15 .006 

0.8 (TP) .031 (TP) 

K 1.8 ±0.2 .071 ~:ggg 

0.8 ±0.2 .031 ~:gg~ 

M 0.15 ~g:6~ .006 ~:gg~ 
f$l I @10 

N 0.15 .006 Enlarged detail of lead end 

P 2.7 .106 
Q 0.1 ±0.1 .004 ±.004 

R 0.1 ±0.1 .004 ±.004 

S 3.0 max .119 max 

Q R 

P44GB-80-3B4·1 49NR-556B (1190) 
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Package Drawings NEe 
44-PinPLCC 

Item Millimeters Inches 

A 17.5 ±O.2 .689 ±.008 

B 16.58 .653 

C 16.58 .653 

D 17.5 ±O.2 .689 ±.008 

E 1.94 ±O.15 .076 ±.006 44 
F 0.6 .024 C D 
G 4.4 ±O.2 .173 ±.008 

U 
H 2.8 ±O.2 .110 ±.008 

I 0.9 min .035 min 

3.4 .134 

K 1.27 lIP) .050 (TP) 

M 0.40 ±O.10 .016 ±.004 

N 0.12 .005 

P 15.50 ±O.2O .610 ±.008 

Q 0.15 .006 

T 0.8 radius .031 radius F 
U 0.20 ~:6~ .008 ~:gg~ 

G 

T 

P 

P44L·5OA 1·1 3190 83YL-5804B 
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NEe Package Drawings 

52-Pin Plastic OFP (1.8-mm leads) 

Item Millimeters Inches 
A 

A 17.6 ±0.4 .693 ±.016 

8 14.0 ±0.2 .551 ~ :gg~ 

c 14.0 ±0.2 .551 ~ :gg~ 
D 17.6 ±0.4 .693 ± .016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~:gg~ C D 

0.20 .008 

1.0 (TP) .039 (TP) 

K 1.8 ±0.2 .071 ~:gg~ 

0.8 ±0.2 .031 ~ :gg~ 

M 0.15 ~g:6~ .006 ~:gg~ 
N 0.15 .006 

P 2.7 .106 f$l @10 
Q 0.1 ±0.1 .004 ± .004 

R 0.1 ±0.1 .004 ± .004 Enlarged detail of lead end 

S 3.0 max .119 max 

Q R 
P52GC-100-366 49NR-493B (5189) 
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Package Drawings 

52-Pin Plastic QFP (3.5-mm leads) 

Itam Millimeters Inches 

A 21.0 ± 0.4 .827 ± .016 

B 14.0 ±0.2 .551 ~:gg~ 

C 14.0 ±0.2 .551 ~:gg~ 
0 21.0 ± 0.4 .827 ±.016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~:gg~ 
0.20 .008 

1.0 (TP) .039 (TP) 

K 3.5 ±0.2 .138 ~:gg~ 

L 2.2 ±0.2 .087 ~:gg~ 

M 0.15 ~g:6~ .006 ~:gg~ 
N 0.15 .006 

P 2.6 ~g:~ .102 ~:gg~ 
Q 0.1 ±0.1 .004 ±.004 

P52G-1GO-OO 
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NEe Package Drawings 

64-Pin Shrink CERDIP (w1350-mil window) 

Item Millimeters Inches 

A 58.68 max 2.310 max 

B 1.78 max .070 max 

C 1.778 (TP) .070 (TP) 

D 0.46 ±0.05 .018 ± .002 

F 0.8 min .031 min 

G 3.5 ±0.3 .138 ±.012 

H 1.0 min .039 min 

3.0 .118 

5.08 max .200 max L 

K' 19.05 (TP) .750 (TP) 

18.8 .740 

M 0.25 ± 0.05 .010 ~ :~~~ 
N 0.25 .010 

S 8.89 dia .350 dia 

... Item K to center of leads 
when formed parallel. _~_0_15° 

64 33 

t'\ ~ V 

I. 1 
A 

ICl Iff)1 N (M) I 
I P640W.70.750A--
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Package Drawings NEe 
64-Pin Shrink CERDIP (w1300-mil window) 

Item Millimeters Inches 

A 58.68 max 2.310 max 

B 1.78 max .070 max 

C 1.778 (TP) .070 (TP) 

D 0.46 ±0.05 .018 ±.002 

F 0.8 min .031 min 

G 3.5 ±0.3 .138 ± .012 

H 1.0 min .039 min 

3.0 .118 

5.08 max .200 max 

K' 19.05 (TP) .750 (TPJ 

18.8 .740 

M 0.25 ±0.05 .010 ~ :gg~ 
N 0.25 .010 

S 7.62 dia .300 dia 

* Item K to center of leads 
when formed parallel. ~_0_15° 

64 33 

1"\ 
(vl 1\ 

V \+~ .-J 

I. 1 
A 

32 .1 

o f$l N @I 
P64DW·70·7SOA1 49NR-G91 B (2190) 
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NEe Package Drawings 

64-Pin Plastic Shrink DIP 

64 33 

~---------------------A----------------~----~ 

E 

:IE 
f$-I M @I 

nem Millimeters Inches 

A 58.68 max 2.310 max ~--[[)----+I 

B 19.05 (TP) .750 (TP) 

C 17.0 .669 

0 5.08 max .200 max 
E 4.31 max .170 max 
F 3.2:tO.3 .126 ±.012 

G 1.78 max .070 max 
H 1.778 (TP) .070 (TP) 

o ~ 15° 
I 0.9 min .035 min 

0.51 min .020 min 
K 0.50 :to.10 .02O±.004 

L O.25~:ci~ :010~:gg; 
M 0.17 .007 

83VL-5S60B (&89) 
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Package Drawings 

64-Pin Ceramic LCC (w/Window) 

lIem Millimeters Inches 
A 20.0 ±0.4 .787 ±.016 

B 19.0 .748 

C 13.2 .520 

D 14.0 ±0.4 .550 ±.016 

E 1.64 .065 

F 2.14 .084 

G 3.556 max .140 max 

H 0.70 ± 0.10 .028 ±.004 

0.1 .004 

1.0 (TP) .039 (TP) 

K 1.0 ±0.2 .039 ±.008 
Q 0.25 cor .010 cor 
R 1.0 .039 

S 1.0 .039 

T 3.0 rad .118 rad 

U 12.0 .472 

W 0.8 ±0.2 .031 ±.008 
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NEe Package Drawings 

64-Pin Ceramic Piggyback Shrink DIP 

Item M1111meters Inches 

A 58.68 max 2.310 max 

C 22.86 ±0.4 .900 ±.016 

F 2.54 .100 

G 0.80 min .031 min 

H 0.46 ±0.05 .018 ±.002 

I 0.17 .007 

1.778 (TP) .070 (TP) 

M 1.78 max .070 max 

N 0.25 ±0.05 .010 ~:gg~ 
Q 15.24 .600 

5 8.28 max .326 max 

T 1.0 min .039 min 

U 3.5 ±0.3 .138 ±.012 

V 3.9 max .154 max 

W 19.05 .750 

,-
28 15 

00000000000000 

~ -
f'" 

c 

00000000000000 
1 14 

I. A .i-

V 
~ ________ ~~~~~~w-~~~~~~~~~ ________ ~-1 

5 

I 
I MI~I 

0f$J 
P64E·70-A 

I @ll 
.9N ... 71. ",.J 
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Package Drawings 

64-Pin Ceramic Piggyback QUIP 

Item Millimeters Inches 

A 41.91 max 1.650 max 

C 26.67 ± 0.4 1.050 ±.016 ~ 15 
2.54 .100 00000000000000 

G 0.92 min .036 min 

H 0.46 ±0.05 .018 ± .002 

0.25 .010 

2.54 (TP) .100 (TP) 

K 1.27 (TP) .050 (TP) 

M 1.27 max .050 max 
------~--~-----------1rC 

N 0.25 ±0.05 .010 ~ :gg~ 
Q 15.24 .600 

S 8.54 max .336 max 

T 1.0 min .039 min 00000000000000 
U 3.5 ±0.3 .138 ± .012 14 

V 4.41 max .174 max 

W 24.13 .950 

X 19.05 .750 
~I'--------------------A--------------------~.I 

[§] 
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NEe Package Drawings 

64-Pin Ceramic Piggyback QFP 

Itam Mllllmata .. Inch .. 

A 24.7 ±0.5 .972 ~:g~ u 

B 20.3 .799 

C 16.3 .642 

0 18.7 ±0.5 .736 ±.02O 

E 1.27 (TP) .050 (TP) 

F 2.15 .085 

G 1.15 .045 

H .40 ±0.10 .016 ~:gg~ 
0.20 .OOB 

J 1.0 (TP) .039 (TP) 

K 1.2 ±0.2 .047 ~:gg: 

L 2.2 ±0.2 087+ .OOB 
• -.009 

M 0.15 .006 

N 0.15 ±0.05 .006 ~:gg~ 
S 9.5 max .374 max 
T 3.0 max .11B max 

U 2.2 ±0.2 .OB7 ~:ggg 
V 3.2 ±0.2 .126 ±.OOB 

F 

End View 

P64EA-100..A, .. NR-612B (2190) 
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Package:Drawlngs NEe 
64-Pin Plastic QFP {2.55 mm thiclr} 

Hem MIllimeters Inch .. A 

A 17.6 :1:0.4 .693 ':1:.016 

B 14.0 :1:0.2 .551 ~:gg: 

C 14.0 :1:0.2 .551 ~:gg: 
0 17.6 :1:0.4 .693 :1:.016 

F 1.0 .039 
G 1.0 .039 

H 0.35 :1:0.10 .014 ~:gg~ C 0 

0.15 .006 

0.8 (TP) .031 (TP) 

K 1.8 :1:0.2 .071 :1:.008 

L 0.8 :1:0.2 .031 ~:gg: 

M 0.15 ~g:Jg .006 ~:gg; 
N 0.15 .006 

P 2.55 .100 
Q 0.1:1:0.1 .004. :1:.004 

@I I ®10 
R 0.1 :1:0.1 .004 :1:.004 

S 2.85 max .112 max 
Enlarged detail of lead end 

4 
Q R 

"'R-6698 (1190) 



NEe 
64-Pin Plastic QFP (1.5 mm thick) 

Item Millimeters Inches 

A 18.4 ±0.4 .724 ~:g1~ 

B 14.0 ±0.2 .551 ~:gg~ 

c 14.0 ±0.2 .551 ~:gg~ 

0 18,4 ±0,4 .724 ~:g1~ 
F 1.0 .039 

G 1.0 .039 

H 0.35 ±0.10 .014 ~:gg~ 
0.15 .006 

0.8 (TP) .031 (TP) 

K 2.2 ±0.2 .087 ~:gg: 

L 1.0 ±0.2 .039 ~:gg~ 

M 0.15 ~g:cig .006 ~:gg~ 
N 0.15 .006 
P 1.5 ±0.1 .059 ±.004 
Q 0.0 ±0.1 .000 ±.004 
S 1.7 max .067 max 

A 

B 

C 0 

f$l I @10 
K 

Aoooonoo*onooonoJ:] ~ M 

~ LJD 

Package Drawings 

Enlarged detail of lead end 

49NR-S70B (1/90) 

m 
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Package Drawings ttiEC 
64-Pin Plastic QFP (2.7 mm thick) 

item Millimeters Inches A 

A 23.6 to.4 .929 t.016 

B 20.0 to.2 .795 ~ :gg~ 

c 14.0 to.2 .551 ~:gg~ 
0 17.6 to.4 .693 t .016 

F 1.0 .039 

G 1.0 .039 

H 0.40 to.l0 .016 ~:gg~ C 0 

0.20 .008 

1.0 (TP) .039 (TP) 

K 1.8 to.2 .071 ~ :ggg 
L 0.8 to.2 .031 ~ :gg~ 

M 0.15 ~g:6~ .006 ~:ggj 
N 0.15 .006 

P 2.7 .106 f$J I @ID] 
Q 0.1 to.l .004 ± .004 

R 0.1 ±0.1 .004 ± .004 Enlarged detail of lead end 

S 3.0 max .119 max 

Q R 
PS4GF-100-3B8,3BE-' 49NR-5998 (2t90) 
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NEe Package Drawings 

64-Pin Plastic QFP (2.05 mm thick) 

Item Millimeters Inches 
A 

A 24.7 ± 0.4 .972 ~ :g~~ 

B 20.0 ± 0.2 .795 ~ :gg~ 

c t4.0 ±0.2 .55t ~ :gg~ 
D t8.7 ± 0.4 .736 ±.016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~ :gg~ 
C D 

0.20 .008 

1.0 (TP) .039 (TP) 

K 2.35 ±0.2 .093 ~ :gg~ 

L 1.2 ±0.2 .047 ~:gg~ 

M 0.15 ~g:6~ .006 ~:gg~ 
N 0.15 .006 

P 2.05 ~ g:~ .081 ~:gg~ f$J I @10 
Q 0.1 ±0.1 .004 ± .004 Enlarged detail of lead end 

s 2.45 max .096 max 

Q 

P64G-tOO·12,19-1 49NR-5438 (2190) 

m 
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Package Drawings NEe 
64-Pin Cerllmic QUIP (w/Window) 

Item MIllimeters Inches 

A 41.91 max 1.650 max 

C 26.67 ±0.4 1.050 ± .016 

G 0.92 min .036 min 

H 0.46 ±0.05 .018 ±.002 

I 0.25 .010 

J 2.54 (TP) .100 (TP) 

K 1.27 (TP) .050 (TP) 

M 1.27 max .050 max 
~------~-------------+-c 

N 0.25 ±0.05 .010 =:gg~ 
S 4.72 max .186 max 

T 1.0 min .039 min 

U 3.5 ±0.3 .138 =:g~~ 
W 24.13 .950 

X 19.05 .750 

Y 8.89 dia .350 dia 

I. 
A 

.1 

~ ~ 
1 
P 

:r1 
-2l 

I-l=N X 

E W 
49NR..s10B 

P64EW·tOO·A 15.09) 
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NEe 
64-Pin PI.stic QUIP 

Item Millimeters 

A 41.5 ~g:~ 
c 16.5 

H 0.50 ±0.10 

0.25 
J 2.54 (TP) 

K 1.27 (TP) 

M 1.1 ~g:~~ 
N 0.25 ~g:6g 

P 4.0 ±0.3 

s 3.6 ±0.1 

w 24.13 ± 1.05 

X 19.05 ± 1.05 

w 

P64GQ-100·36 

Inches 

1.634 ~:g6~ 
.650 

.020 ~:gg~ 

.010 

.100 (TP) 

.050 (TP) 

.043 ~:g6~ 

.010 ~:gg~ 

.157 ~:gg 

.142 ~:gg~ 

I . 
. 950 ±.042 

.750 ±.042 

A 

Package Drawings 

1 -----+J 

1$1 I ®10 

.1 

49NR·508B 
(4/69) 
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package Drawings 

68-PinPLCC 

lIem Millimeters Inches 

A 25.2±O.2 .992±.00S 

B 24.20 .953 

C 24.20 .953 

0 25.2±O2 .992±.OOS 

E 1.94±O.15 .076~:g~ 

F 0.6 .024 

G 4.4±O.2 .173~:gg: 

H 2.8±O2 .110~:gg: 

0.9 min .035 min 

3.4 .134 

K 1.27 lIP) .050 lIP) 

M 0.40 ±O.10 .016 ~:gg~ 
N 0.12 .005 

P 23.12±O.2O .910 ~:gg: 
Q 0.15 .006 

T O.Sradlus .031 radius 

U O·2Q~:ci~ .006 ~:gg: 

P68L-5OA1-1 
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NEe Package Drawings 

74-Pin Plastic QFP 

Item Millimeters Inches 

A 23.2 ± 0.4 .913 ~ :g~~ 

B 20.0 ±0.2 .787 ~ :gg~ 

.787 ~ :gg~ 
F2 

c 20.0 ±0.2 

D 23.2 ± 0.4 .913 ~ :g~~ 
Fl 2.0 .079 

F2 1.0 .039 

Gl 2.0 .079 

G2 1.0 .039 C D 

H 0.40 ±0.10 .016 ~:gg~ 
0.20 .008 

1.0 (TP) .039 (TP) 

K 1.6 ±0.2 .063 ±.O02 

L 0.8 ±0.2 .031 ~:gg~ 

M 0.15 ~g:~~ .006 ~:gg~ 
N 0.15 .006 
P 3.7 .146 

Q 0.1 ±0.1 .004 ± .004 

R 0.1 ±0.1 .004 ± .004 f$l ®10 
S 4.0 max .158 max 

Enlarged detail of lead end 

4 
Q R 

S74G.1·100·5SJ·1 49NR-3478 (2190) 

m 
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Package Drawings 

SO-Pin Ceramic LeC (w/wlndow) 

Item Millimeters Inches 

A 20.0 ±0.4 .787 ~:gl~ 
B 19.0 .748 
C 13.2 .520 I' 

" 

0 14.2 ±0.4 .559 ±.016 

E 1.64 .065 

F 2.14 .084 
G 4.064 max .160 mex 
H 0.51 ±0.10 .020 ±.004 

/ 
0.08 .003 

0.8 (TP) .031 (TP) 

K 1.0 ±0.2 .039 ~:gg~ 
~ 

Q 0.5 cor .020 cor 

R 0.8 .031 

S 1.1 .043 

A 

B 

'I u ill 

'\ 
+ 

Q 

1 
CD 

ill 

NEe 

W 

v".,..".".".."nnnn"""""'".".".."nnnr"".,....,.J 

K-I 
T 3.0 rad .118 rad 

U 12.0 .472 

W 0.75 ±0.2 .030 ~:ggg I:hnnnnnnnnnnnnnnnnnnnnnnffiii.} I ®I 
X80KW-80A 49NR·617B (11/89) 

SO-Pin Plastic QFP (14 by 14 mm) 

Item Millimeters Inches 

A 17.2 ±0.4 .677 ±.016 

B 14.0 ±0.2 .551 ~:gg~ 

C 14.0 ±0.2 .551 ~:gg~ 
0 17.2 ±0.4 .6n ±.016 
F 0.8 .031 
G 0.8 .031 

H 0.30 ±0.10 .012 ~:gg~ ---+--- C 0 

0.13 .005 
J 0.65 (TP) .026 (TP) 
K 1.6 ±0.2 .063 ±.008 

L 0.8 ±0.2 .031 ~:gg~ 

M 01"5 + 0.10 
. -0.05 .006 ~:gg: 

N 0.15 .006 
P 2.7 .106 
Q 0.1 ±0.1 .004 ±.004 

I$l I ®10 
R 0.1 ±0.1 .004 ±.004 
S 3.0 max .119 max 

K 

Annnruuuuu~uuuuuuum~--.i M 

4eill LJ[l 

Enlarged detail of lead end 

~ 
Q R 

S80GC·65-3B9·1 49NR·591 B (2t'90) 
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NEe Package Drawings 

SO-Pin Plastic QFP (20 by 14 mm; I.B-mm leads) 

Item Millimeters Inches .. 
A 23.6±C.4 . 929±.016 

B 2O.0±C.2 
+.009 

.71I1 -.008 

C 14.0±C.2 .551 +.009 
-.008 

D 17.6±C.4 .693±.016 

F 1.0 .039 

G 0.8 .031 

H 0.35±C.10 .014 ~:~~ 
0.15 .006 C D 

J 0.8 (TP) .031 (TP) 

K 1.8±C.2 
+.009 

.071 -.008 

L 0.8±C.2 .031 ~:~: 

M 0.15 ~:~~ 006 +.004 
. -.002 

N 0.15 .006 

P 2.7 .106 

Q 0.1 ±C.1 .004±.004 

R 0.1 ±C.1 .004±.004 G H @j1@lw 
S 3.0 max .118 max 

Pin Detail 

,1,1: ~ 
Q R 

P8OGF-eo-aB9-1 831H·5S43B (2190) 
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Package Drawings NEe 
SO-Pin Plastic QFP (20 by 14 mmj 2.35-mm leads) 

Item MillImeters Inches A 
A 24.7±O.4 .972±.016 

B 

B 2O.0±O.2 
767 +.009 
. -.OOS 

• 

C 14.0±O.2 .551 +.009 
-.OOS 

D 1S.7±O.4 .736±.016 

F 1.0 .039 

G O.S .031 

H 0.35±O.10 .014 ~:gg~ 
0.15 .006 

O.S (TP) .031 (TP) 

K 2.35±O.2 
+.009 

.093 -.OOS 

I 

~-+--~ C D 

L 1.2±O.2 .047 +.009 
-.OOS 

M 0.15 ~:6g 006 +.004 
• -.002 

N 0.15 .006 

P 2.05 ~:~ .OS1 ~::! 
R 0.1 ±O.1 .004±.004 

G H 

P80G-80-t2 83SL-6222B (6189) 
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NEe 
B4-PinPLCC 

lIem Millimeters 

A 30.2 ±C.2 

B 29.28 

C 29.28 

D 30.2 ±C.2 
E . 1.94 ±C.15 

F 0.6 

G 4.4 ±C.2 

H 2.8 ±C.2 

0.9 min 

J 3.4 

K 1.27 ITP) 

M 0.40 ±C.10 

N 0.12 

P 28.20 ±C.2O 

Q 0.15 

T O.S radius 

u 

P84L-50A3-t 

Inche. 

1.189 ±.008 

1.153 

1.153 

1.189 ±.008 

.076 ±.006 

.024 

.173 ±.008 

.110 ±.008 

.035 min 

.134 84 

.050 (TP) 

.016 ±.004 

.005 

1.110 ±.OOS 

.008 

.031 radius 

.008 :.~~~ 

G 

Package Drawings 

rii" ====:====-==:: I nnnonnnnnn 

----------'---f3--C D 

F 

T 

~----~----------P----------------~ 
(2/!10) 

83VL-58068 
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Package Drawings tt1EC 
94-Pin Ceramic LeC (w/lllfindow) 

Item Millimeters Inches 

A 20.0 ±0.4 .787 ±.017 

B 18.0 . 709 \'1' 
A 

B 'I III! u . 
C 18.0 .709 1---, 

0 20.0 ±0.4 .787 ± .017 

E 1.94 .076 

F 2.14 .064 

G 4.064 max .160 max 

H 0.51 ± 0.10 .020 ±.004 

0.08 .003 
T~ 

C o 
J 0.8 (TP) .031 (TP) 

K 1.0 ±0.2 .039 ±.OO8 
Q 0.3 ccr .012 cor 

R 1.6 .063 

S 1.6 .063 

T 1.75 rad .069 rad -
U 11.5 .453 ..:U 
W 0.75 ±0.2 .030 ±.OO8 

Y 1.0 ccr .039 ccr 1:loooooooonnrmmnmrm~[IE IF IG 
w 

s 

-F*----- + ------l=-I-

X94KW-80A 49NR·704B (3190) 
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NEe Package Drawings 

94-Pin Plastic aFP 

Item Millimeters Inches 

.913 +.017 A 23.2 ±O.4 
-.016 

.787 +.009 
F2 

B 20.0 ±O.2 -.008 

.787 +.009 
C 20.0 ±O.2 

-.008 

.913 +.017 D 23.2 ±O.4 -.016 

Fl 1.6 .063 

F2 0.8 .031 

G 1 1.6 .063 

G 2 0.8 .031 

.014 +.004 H 0.35 ±O.10 -.005 
C D 

0.15 .006 

J 0.8 (TP) .031 (TP) 

K 1.6 ±O.2 .063 ±.008 

.031 +.009 L 0.8 ±O.2 
-.008 

0.15 ~:ri~ .006 +.004 M -.003 

N 0.15 .006 

P 3.7 .146 
Q 0.1 ±O.l .004 ±.O04 

R 0.1 ±O.l .004 ±.004 

S 4.0 max .158 max 

Detail of lead end 

Il P S 

R Q 
$94GJ-8Q-5BG-1 
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