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General Description 
The COPS Family Personality Board supports the em­
ulation of COP400 family of Microcontrollers. The Per­
sonality Board allows the user to emulate the appro­
priate Microcontroller in the user's end system for fast 
development of application code and hardware. The 
Personality Board consists of: a Monitor, the hardware 
to control the operation of the Microcontroller in the 
emulation system, and an emulation cable to connect 
the emulator to the application system. The cable has 
the same pin configuration as the final masked part. 

The Personality Board Monitor is contained in firm­
ware ROM, contains an assembler and disassembler 
and is directly executable by the NSC800 on the Brain 
Board. The Monitor commands will allow the user to 
execute the application code, examine and modify in­
ternal registers and 110, examine and alter object 
code in hex or mnemonic format, execute Time mea­
surements, and set Trace and Breakpoints. 

The Personality Board also contains 2k bytes of 
shared memory (RAM) for application code and the 
necessary hardware for Trace and Breakpoint opera­
tion. 
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Features 
• Supports entire COPS CMOS and NMOS family 

• Single 5V operation 

• Firmware monitor 
• Firmware diagnostics 
• Firmware Line-by-Line Assembler and Unassem-

bier 

• 2k bytes of shared memory 

• 256 deep trace memory 

• Eight external event inputs 
• Trace on multiple addresses, address ranges, or 

external events 

• Breakpoint on multiple addresses, address ranges 
or external events 

• List and alter shared memory 

• Print and modify internal registers 

• Singlestep 
• Next-singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 



Features (Continued) 

Common Monitor Commands 

Alter Alter consecutive bytes in shared 
memory 

AUtoprint Specify information to be printed 
on Breakpoint 

Breakpoint Set trigger point(s) for Breakpoint 
Clear Clear Breakpoint, Time and Trace 

functions 
Deposit Deposit byte value into range of 

shared memory 
Diagnostic On-board test routine for system 

checkout 
Find Find data or string in shared 

memory 
Go Start program execution or 

enable function 
Help On-screen Help menu 
List List data in shared memory 
Modify Modify on-chip RAM or Registers 

during Breakpt 
Next Singlestep through subroutine 
Put One-line assembler 
Reset Reset chip 
RGo Reset chip and execute Go 

automatically 
SEarch Search Trace memory for data or 

address 
Singlestep Execute one instruction, then 

Breakpoint 
STatus Show chip and development 

system Status 
Time Time program execution or 

external events 
TRace Specify triggers for capturing 

Trace date 
Type Type Trace data or on-chip data 

during Breakpt 
Unassemble Disassembler for Trace or shared 

memory 
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COP400 Monitor Special Functions 

Chip 
Option 

Specify COP device to emulate 
Specify COP chip options being 
emulated 

Set Set special emulation options 

PHYSICAL SIZE 
12" x 12" 

POWER REQUIREMENTS 
+5V @ 3.5A 

ORDER PIN: 
MOLE-COPS-PB 1 

MOLE-COPS-PB1 PACKAGE CONTAINS 
CMOS COPS Personality Board 
CMOS COPS Personality Board Manual 
3 Emulator Cables 
Power Cable 
Miscellaneous Hardware 

SOFTWARE ORDERED SEPARATELY 
See How To Order 
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General Description 
The COP800 Family Personality Board allows the de­
velopment system to emulate the COP800 family. The 
Personality Board consists of a firmware Monitor, 8k 
bytes of shared memory, 2000 deep Trace memory, 
Port recreation logic to recapture the pins used for 
emulation, emulation hardware, and an In System Em­
ulator (ISE) cable. The ISE cable has the same pinout 
as a socketed masked part and allows the Personality 
Board to function within the application system. 

The NSC800 CMOS Microprocessor, located on the 
Brain Board, directly executes the Personality Board 
Monitor firmware. The Monitor allows execution of ap­
plication code, examination and alteration of internal 
registers, examination and alteration of shared memo­
ry, and the setting of trace and breakpoints. The ISE 
cable connects these capabilities to the application 
system. Up to eight external events as well as 15-bit 
address and 8-bit data busses can be traced in the 
2000 deep trace memory. Multiple breakpoints, plus 
assemble and unassemble commands are at the us­
er's disposal. 

Application programs of up to 32k bytes from Person­
ality Board RAM may be emulated. 
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Features 
• Supports COP800 microcontroller family 

• Single 5V operation 

• Firmware monitor 
• Firmware diagnostics 
• Firmware Line-by-Line Assembler and Unassem-

bIer 

• 8k bytes of shared program memory 

• 2000 deep trace memory 

• Eight external event inputs 

• Trace on multiple addresses, address ranges or ex­
ternal events 

• Breakpoint on multiple addresses, address ranges 
or external events 

• List and alter shared memory 

• Print and modify internal registers 

• Singlestep 
• Next-singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 



Features (Continued) 

Common Monitor Commands 

Alter Alter consecutive bytes in shared 
memory 

AUtoprint Specify information to be printed 
on Breakpoint 

Breakpoint Set trigger point(s) for Breakpoint 
Clear Clear Breakpoint, Time and Trace 

functions 
Deposit Deposit byte value into range of 

shared memory 
Diagnostic On-board test routine for system 

checkout 
Find Find data or string in shared 

memory 
Go Start program execution or 

enable function 
Help On-screen Help menu 
List List data in shared memory 
Modify Modify on-chip RAM or Registers 

during Breakpt 
Next Singlestep through subroutine 
Put One-line assembler 
Reset Reset chip 
RGo Reset chip and execute Go 

automatically 
SEarch Search Trace memory for data or 

address 
Singlestep Execute one instruction, then 

Breakpoint 
STatus Show chip and development 

system Status 
Time Time program execution or 

external events 
TRace Specify triggers for capturing 

Trace date 
Type Type Trace data or on-chip data 

during Breakpt 
Unassemble Diassembler for Trace or shared 

memory 
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COPS Monitor Special Functions 

CYcles Capture COPS execution cycles 
Trace memory 

End Exit Monitor and return to Exec 
EXclusion Specify address ranges to 

exclude from Trace 
ListUnassemble List shared memory in mnemonic 

form 
TypeUnassemble Type Trace memory in mnemonic 

form 

PHYSICAL SIZE 
12" x 12" 

POWER REQUIREMENTS 
+5V @ 3.5A 

ORDER PIN: 
MOLE-COP8-PB 1 
MOLE-COP8-PB2 

COP820/840 
COP888 

MOLE-COPS-PB1/2 PACKAGE CONTAINS 
CMOS COPS Personality Board 
CMOS COPS Personality Board Manual 
Emulator Cables 
Power Cable 
Miscellaneous Hardware 

SOFTWARE ORDERED SEPARATELY 
See How To Order 
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General Description 
The HPC Family Personality Board allows the devel­
opment system to emulate the High Performance 
Controller (HPC) family. The Personality Board con­
sists of a firmware Monitor, 16k bytes of shared mem­
ory, 2k x 48 Trace memory, Port recreation logic to 
recapture the pins used for emulation, emulation hard­
ware, and an In System Emulator, ISE, cable. The ISE 
cable has the same pinout as a socketed masked part 
and allows the Personality Board to function within the 
application system. 

The NSC800 CMOS Microprocessor, located on the 
Brain Board, directly executes the Personality Board 
Monitor firmware. The r.~onitor allows execution of ap­
plication code, examination and alteration of internal 
registers, examination and alteration of shared memo­
ry, and the setting of trace and breakpoints in either 
shared or user memory. The ISE cable connects 
these capabilities to the application system. Up to 
eight external events as well as 16-bit address and 
16-bit data busses can be traced in the 2k deep trace 
memory. Multiple breakpoints, and chip error condi­
tions plus assemble and unassemble commands are 
at the user's disposal. 

Applications programs of up to 16k bytes from Per­
sonality Board RAM or 64k bytes from user system 
RAM may be emulated. 
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Features 
• Supports HPC microcontroller family 

• Single 5V operation 

• Firmware monitor directly 

• Firmware diagnostics directly 
• Firmware Line-by-Line Assembler and Unassem-

bier 

• 16k bytes of shared program memory 

• 2000 deep trace memory 

• Eight external event inputs 
• Trace on multiple addresses, address ranges or ex­

ternal events 

• Breakpoint on multiple addresses, address ranges 
or external events 

• List and alter shared memory 

• Print and modify internal registers 

• Singlestep 
• Next-singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 
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HPC Monitor Special Functions 
0 

Common Monitor Commands ::s -.. Alter Alter consecutive bytes in shared AlterWord Alter consecutive words in shared !:!. 
memory memory CD .. 

AUtoprint Specify information to be printed BAnk Specify bank trigger information C 
on Breakpoint CHip Select chip and specify system CD 

< 
Breakpoint Set trigger point(s) for Breakpoint memory map CD 

6" 
Clear Clear Breakpoint, Time and Trace DepositWord Deposit word value in range of "C 

functions shared memory 3 
CD 

Deposit Deposit byte value into range of End Exit Monitor and return to Exec ::s -shared memory ERror Enable/disable HPC access error en 
Diagnostic On-board test routine for system checking c 

"C 
checkout EXclusion Specify address ranges to "C 

0 
Find Find data or string in shared exclude from Trace ~ 

memory FindWord Find word values in shared 
Go Start program execution or memory 

enable function ListWord List shared memory or memory 
Help On-screen Help menu range as words 
List List data in shared memory MAp Specify address range of memory 
Modify Modify on-chip RAM or Registers on-board development system 

during Breakpt XMove Move data from one address 
Next Singlestep through subroutine range to another 

Put One-line assembler 
Reset Reset chip PHYSICAL SIZE 
RGo Reset chip and execute Go 12" x 12" 

automatically POWER REQUIREMENTS 
SEarch Search Trace memory for data or +5V @ SA 

address 
ORDER PIN: 

Singlestep Execute one instruction, then MOLE-HPC-PB1 HPC16083 & HPC16064 Breakpoint 
MOLE-HPC-PB2 HPC16400 

STatus Show chip and development 
MOLE-HPC-PB1 PACKAGE CONTAINS system Status 

HPC Personality Board Time Time program execution or 
external events HPC Personality Board User's Manual 

TRace Specify triggers for capturing 
1 Emulator Cable 
Power Cable Trace date 
Miscellaneous Hardware 

Type Type Trace data or on-chip data 
SOFTWARE ORDERED SEPARATELY during Breakpt 

Unassemble Disassembler for Trace or shared See How To Order 

memory 

E 
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General Description 
The HPC Designer Kits are a 16-bit microcontroller 
Development System for program development and 
real-time emulation. An on-board HPC microcontroller 
executes monitor firmware and also acts as the target 
processor. 

When used as the target processor, all of the features 
of the HPC are available for use in the application. All 
operating modes of the HPC are supported, with up to 
56k bytes of addressable memory available for appli­
cation programs. 

This kit contains all of the components, manuals, and 
software to design an HPC system. Just add an IBM 
or compatible PC, + 5V DC 1.5-Amp power supply 
and RS232 cables. 

Several kits are offered (see how to order). The evalu­
ation package contains evaluation software that al­
lows up to 1000 lines of code to be assembled and 
linked. The development package has a complete As­
sembler/Linker/Librarian with no code limitations. 
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Features 
• Supports HPC microcontroller family 

• Single 5V operation 
• Firmware monitor directly executed by the HPC 
• Firmware diagnostics directly executed by the HPC 

• Firmware Line-by-Line Assembler and Unassem-
bier 

• 56k bytes of addressable program memory 

• Breakpoint on multiple addresses 

• List and alter memory 

• Print and modify internal registers 

• Singlestep 

• Real time emulation 
• Evaluation module that allows up to 1000 lines of 

code to be developed for evaluation purposes 
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Features (Continued) 

HPC Development Board Monitor 

Alter Alter consecutive bytes in shared 
memory 

AUtoprint Specify information to be printed 
on Breakpoint 

BAud Set or display the host or terminal 
Baud rate 

BYpass Connect terminal port to host port 
Breakpoint Set trigger point(s) for Breakpoint 
Clear Clear Breakpoint function 
Deposit Deposit byte value into range of 

shared memory 
Dlagonstic On-board test routine for system 

checkout 
Go Start program execution 
Help On-screen Help menu 
List List data in shared memory 
ListU nassemble List shared memory in mnemonic 

form 
LOad Load hex object file from terminal 

or host port 
Modify Modify on-chip RAM or Registers 

during Breakpt 
ModifyByte Modify on-chip RAM or registers 

as bytes 
ModifyWord Modify on-chip RAM or registers 

as words 
Put One-line assembler 
Restart Restart HPC chip 
Singlestep Execute one instruction, then 

Breakpoint 
Type Type on-chip data during 

Breakpoint 
Unassemble Disassembler for shared memory 

7-15 

PHYSICAL SIZE 
12" x 12" 

POWER REQUIREMENTS 
+5V @ 1.5A 

ORDER PIN: 
HPC-MOLE-EVALO (17 MHz Evaluation 

Package) 
HPC-MOLE-DEVLO (17 MHz Development 

Package) 

HPC-MOLE-EVAL PACKAGE CONTAINS 
HPC Development Board 
HPC Development Board User's Manual 
ISE Cable w/connector for PGA socket 
Development Board Communications Soft-

ware 
(MS-DOS) 
HPC Assembler/Linker/Evaluation Software 
HPC Software User's Manual 
C Compiler Evaluation Module Software 
HPC C Compiler User's Manual 
HPC46083/ 46043/ 46003 User's Manual 
HPC46083/ 46043/ 46003 Datasheet 
Dial-A-Helper User's Manual 

HPC-MOLE-DEVL PACKAGE CONTAINS 
HPC Development Board 
HPC Development Board User's Manual 
ISE Cable w/connector for PGA socket 
Development Board Communications Soft-

ware 
(MS-DOS) 
HPC FULL Assembler/Linker/Librarian Soft-

ware 
HPC Software User's Manual 
C Compiler Evaluation Module Software 
HPC C Compiler User's Manual 
HPC46083/46043/46003 User's Manual 
HPC46083/ 46043/ 46003 Datasheet 
Dial-A-Helper User's Manual 
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New Development Tools for National Semiconductor Microcontrollers 
National Semiconductor has an on-going program to 
improve development support for National Semicon­
ductor microcontrollers, including both hardware and 
software tools. This program includes products both 
from third party tool suppliers and from National Semi­
conductor. The following is a brief description of some 
of these new, upcoming products. Please contact the 
factory for current status on these new tools. 

HPC DEVELOPMENT SYSTEM 

The HPC Development System, upon release, will su­
percede the HPC-MOlE, and is an in-system emulator 
supporting the full HPC product range at speeds up to 
20 MHz. It provides all of the features of the existing 
system, including real-time trace and hardware break­
points, as well as the following enhancements: 

• 64k bytes user memory, which may be "mapped" 
on or off as required 

• Fully enclosed system, complete with power supply 

• External emulation pod providing optimal AC emu­
lation to target system and allowing easy upgrading 
to new HPC family members 

30 MHz DESIGNER KIT 

This kit (Order No.: MOlE-HPC-DEVLI) is an upgrad­
ed version of the original HPC designer kit, which will 
continue in production. The new kit provides the fol­
lowing enhancements over the original designer kit: 

• 30 MHz 1 waitstate or 20 MHz 0 waitstate opera-
tion 

• 60k bytes user memory 

• Enhanced monitor commands 

• Special connector facilitating use of a logic analyz­
er to add real-time trace capability. 
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LOGIC ANALYZER DISASSEMBLER 

As part of the 30 MHz designer kit, Newlett-Packard 
has made available a disassembler package for the 
HPC running on the HP1650 or HPC16500 logic ana­
lyzers. The analyzer plus disassembler may be used 
to add a powerful real-time trace capability to the 
30 MHz designer kit. The combination of these prod­
ucts is particularly powerful in measuring the execu­
tion time of HPC programs. 

ENHANCED LINKER 

The HPC Linker (lNHPC) will be enhanced to provide 
improved support for the use of expanded memory 
(greater than 64k bytes) with HPC devices. The new 
version of lNHPC will greatly simplify the linking pro­
cedure. 

Development Systems 
HOW TO ORDER DEVELOPMENT SYSTEMS 

Development systems are available for a variety of 
microcontrollers. To order a complete development 
package, select the section for the microcontroller to 
be developed and order the parts listed. 

Included, along with the cross assembler, in the soft­
ware package are two file conversion routines to con­
vert the assembler output (lM) to HEX and to convert 
HEX to lM. Also included in the software package is a 
COMM program which facilitates the downloading and 
uploading between the host and the development, 
and adds the capability to make the host act as a 
terminal. 



Mlcrocontroller 
Order 

Part Number 

MOLE·BRAIN 

MOLE·HPC·PB1· 

MOLE·HPC·IBMR 

HPC MOLE·HPC·IBM·CR 

HPC·VMS·C 

HPC·UNX·C 

424410897 -001 

MOLE·BRAIN 

MOLE·COP8-PB 1 

COP820/840 
MOLE·COP8-IBM 

420410703-001 

MOLE·BRAIN 

MOLE·COP8-PB2 

MOLE·COP8-1 BM 

COP888 

420411060-001 

MOLE·BRAIN 

MOLE·COPS·PB 1 

COP400 
MOLE·COPS·IBM 

424410284-001 

"For HPC16400 order MOLE·HPC·PB2 

Development Tools Selection Table 

Description Includes 

Brain Board Brain Board Users Manual 

Personality Board HPC Personality 
Board Users Manual 

Relocatable Assembler HPC Software Users 
Software for IBM Manual and Software Disk 

PC·DOS Communications 
Software Users Manual 

C Compiler for IBM HPC C Compiler Users 
Manual and Software Disk 
Assembler Software for 
IBM MOLE·HPC·IBM 

C Compiler/ Manuals and Software 
Relocatable 
Assembler/Linker for 
VAX/VMS 

C Compiler/ Manuals and Software 
Relocatable 
Assembler/Linker for 
VAX/UNIX 

Users Manual 

Brain Board Brain Board Users Manual 

Personality Board COP820/840 Personality 
Board Users Manual 

Assembler Software COP800 Software Users 
for IBM Manual and Software Disk 

PC· DOS Communications 
Software Users Manual 

Users Manual 

Brain Board Brain Board Users Manual 

Personality Board COP888 Personality 
Board Users Manual 

Assembler Software COP800 Software Users 
for IBM Manual and Software Disk 

PC·DOS 
Communications Software 
Users Manual 

Users Manual 

Brain Board Brain Board Users Manual 

Personality Board COP400 Personality 
Board Users Manual 

Assembler Software COP400 Software Users 
for IBM Manual and Software Disk 

PC· DOS 
Communications Software 
Users Manual 

Users Manual 
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Manual 
Number 

420408188-001 

420410477-001 

424410836-001 

420040416-001 

424410883-001 

424410883-001 

Future Product 

424410897 -001 

420408188-001 

420410806-001 

424410527 -001 

420040416-001 

420410703-001 

420408188-001 

420420084-001 

424410527 -001 

420040416-001 

420411060-001 

420408188-001 

420408189-001 

424409479-001 

420040416-001 

424410284-001 
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Designer Kits 
HOW TO ORDER DESIGNER KITS 

Designer Kits are self contained development sys­
tems that contain all of the components, manuals and 
software to design a microcontroller based system. 
Just add an IBM-PC or compatible PC, + 5V DC 1.5 
Amps power supply and RS232 cables. 

Several different kits are offered. The Evaluation 
package contains evaluation software that allows lim­
ited code to be developed. The Development package 
has no restrictions on the assembler software. 

Mlcrocontroller 
Order 

Description Includes 
Manual 

Part Number Number 

MOLE-HPC-EVALO HPC Designer's Kit HPC-DB1 Board 
Evaluation Version Evaluation Compiler, 

HPC 
Assembler/Linker, 

17 MHz 
Manuals 420410901-1 

MOLE-HPC-DEVLO HPC Designer's Kit HPC-DB1 Board 
Development Version Evaluation Compiler, 

FULL Assembler/Linker, 
Manuals 420410901-1 

Development System Accessories and Replacement Parts 

Part Type Order Part 
Description 

Number 

EMULATOR CABLES 

68-Pin PGA Cable MOLE-CBL-68PGA Cable used for in-system emulation of the HPC in a 
68 PGA package. For HPC development systems. 

44-Pin PLCC Cable MOLE-CBL-44PCC Cable used for in-system emulation of the COP8 in a 
44 PLCC package. For COP8 development systems. 

28-Pin PLCC Cable MOLE-CBL-28PCC Cable used for in-system emulation of the COP8 in a 
28 PLCC package. For COP8 development systems. 

40-Pin DIP Cable MOLE-CBL-40DIP Cable used for in-system emulation of the COP8 in 
40-pin DIP packages. For COP8 development 
systems. 

28-Pin DIP Cable MOLE-CBL-28DIP Cable used for in-system emulation of COP4 and 
COP8 devices in the 28-pin DIP package. For use 
with COP4 and COP8 development systems. 

24-Pin DIP Cable MOLE-CBL-24DIP Cable used for in-system emulation of COP4 and 
COP8 devices in the 24-pin DIP package. For use 
with COP4 and COP8 development systems. 

20-Pin DIP Cable MOLE-CBL-20DIP Cable used for in-system emulation of COP4 and 
COP8 devices in the 20-pin DIP package. For use 
with COP4 and COP8 development systems. 
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Designer Kits (Continued) 

Development System AccessorIes and Replacement Parts (Continued) 

Part Type 
Order Part 

Description 
Number 

SUPPORT PRODUCTS 

COP4 PIGS COP420P Piggy-back emulator products designed to provide 
COP444CP programmable form, fit and function emulation for 

COP444LP the COP4XXC products in a 28-lead DIP package. 
An 8k x 8 EPROM sits piggy-back in a socket on top 
of a hybrid packaged 28-lead COP4 controller (see 
datasheet). 

COP820/840 PIG COP820CP-X A piggy-back emulator product designed to provide 
COP840CP-X programmable form, fit and function emulation for 

the COP820 and COP840 products in a 28-lead DIP 
package (see datasheet). 

COP8720 Programmer MOLE-COP8-PROG Adapter board for use in programming the 
COP8720, 8721 or 8722 devices on the 
development system-Brain board. 

COP888 PIG COP888CLP-X A piggy-back emulator product designed to provide 
COP888CGP-X programmable form, fit and function emulation for 

COP888CFP-X the COP888 family (see datasheet). 

COP888 Emulator COP888CLMH A form, fit, function programmable emulator for 44-
COP888CGMH lead COP888 devices (see datasheet). 

COP888CFMH 

HPC Emulator HPC16083MH A form, fit and function programmable emulator for 
the 68-lead PLCC HPC16083 device used in single-
chip mode. Programmed with an adapter board on 
the development system-Brain. 

HPC16083MH Programmer MOLE-HPC-PROG Adapter board for programming the HPC16083MH. 

SYSTEM HARDWARE 

MOLE-Brain MOLE-BRAIN Main board component of the Microcontroller On-
Line Emulator Development System. 

MOLE SOFTWARE SUPPORT FOR THE IBM-PC 

HPC Assembler-IBM MOLE-HPC-IBMR Relocating ASMHPC Assembler/Linker/Librarian. 

HPC C Compiler-IBM MOLE-HPC-IBM-CR CCHPC C Compiler. Includes the HPC Assembler. 

HPC C Compiler-VAX/VMS HPC-VMS-C CCHPC C Compiler. Includes HPC Assembler. 

HPC C Compiler-VAX/UNIX HPC-UNX-C CCHPC C Compiler. Includes HPC Assembler. 

HPC Evaluation Software MOLE-HPC-IBMEVL HPC Evaluation software. Includes: ASMHPC and 
CCHPC evaluation modules and manuals. 

COP8 Assembler MOLE-COP8-IBM COP800 Assembler. 

COP4 Assembler MOLE-COPS-IBM COP400 Assembler. 

Dial-A-Helper MOLE-DIAL-A-HLP Dial-A-Helper manual and communications software. 
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• Choice of host systems 
-IBM® XT/AT PC-DOS 
- VAXTM VMSTM 
-VAX UNIX® 

• CCHPC C Compiler 
- ANSI Draft Standard C (February 1986) 
- Additional storage class modifiers 

supported 
- Additional statement types included 
- Supports embedded assembly code 
- Supports multiple source files 

• LlBHPC Librarian 
- Supports user developed library 

modules 

General Description 
The HPC software support packages provide develop­
ment system support for the HPC family of 16-bit sin­
gle chip microcontrol/ers. Two software packages are 
offered that support the HPC: HPC Assembler/Linker/ 
Librarian and HPC C Compiler. Both packages are 
available for a choice of host systems: IBM XT / AT 
PC DOS, VAX VMS and VAX UNIX. 
The assembler produces relocatable object modules 
from the HPC macro assembly language instructions. 
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• ASM HPC Assembler 

NSC 
DEVELOPMENT 
SYSTEM 

TL/00/9727-1 

- Macro and conditional assembly 
-Instruction size optimization 
- Symbol table and cross reference 

output 
- Object files are linkable and 

relocatable 
• LNHPC Linker 

- Links multiple relocatable object 
modules 

- Selects required modules from library 
files 

The object modules are then linked and located to 
absolute memory locations. The absolute object mod­
ule may be downloaded to the HPC Development Sys­
tem for debugging. 

The C compiler generates assembly source. The C 
Compiler may optionally pass symbolic information 
through the assembler and linker to the absolute ob­
ject module. 



HPC C Compiler-CCHPC Introduction 
The HPC C Compiler (CCHPC) is a full and complete 
implementation of ANSI Draft Standard C (Feb 1986) 
for freestanding environment. Certain additions are in­
cluded to take advantage of special features of the 
HPC (for the specific needs of microcontrollers). The 
enhancements include the support of two non-stan­
dard statement types (loop and switchf), non-standard 
storage class modifiers and the ability to include as­
sembly code in-line. The compiler supports enumerat­
ed types of structures by value, functions returning 
structures, function prototyping and argument check­
ing. 
Symbol Names, both internal and external, are 32 
characters. Numerics are 16-bit for short or int, 32-bit 
for long, and 8-bit for char, all as either signed or 
unsigned; floating point is offered as float or double, 
both using IEEE format. 

CCHPC SPECIFICATIONS 

Note: Enhancements are boldface. 

Name length 
Numbers 

Integer, Signed and Unsigned 
Short and Long 

Floating, Single and Double 
Preprocessor 

#include 
#define #defineO #undef 

All data types, storage classes and modifiers are sup­
ported. Additional storage class modifiers are provid­
ed: 
BASEPAGE place static variable in faster and more 
efficient on-chip basepage memory. 
NOLOCAL declare function without local variables, 
thus no stack frame. 

INTERRUPTn declare function to execute in re­
sponse to specific interrupt(s). 
ACTIVE declare function to be accessed via faster 
and more efficient function call mechanism. 
All statement types are supported, and two additions 
are provided: 
loop (count) simpler, more efficient for looping com­
mand. 
switchf (value) faster form of switch command with­
out constraint checking. 

32 letters, 2 cases 

16-32 bits 
16 bits and 32 bits 
32 bits and 32 bits 

#if #ifdef #ifndef #if defined #else #elif #endif 
Declarations 

auto register const volatile BASEPAGE 
static static global static function NOLOCAL INTERRUPTn ACTIVE 
extern extern global extern function 
char short int long signed unsigned float double void 
struct union bit field enum 
pointer to array of function returning 
type cast typedef initialization 

Statements 
; { ... } expression; assignment; structure assignments; 
while 0 ... ; do ... while 0; for(;;;) ... ; loop () ••• ; 
if 0 ... else ... ; switch 0 ... ; case: ... ; default: ... ; switchf () ••. ; 
return; break; continue; goto ... ; ... . 

Operators 
primary: functionO array[] strucLunion. strucLpointer-> 
unary: ... & + I - + + -- sizeof (typecast) 
arithmetic: ... / % + - < < > > 
relational: < > < = > = 1= 
boolean: & A I && II 
assignment: + = ... = / = % = > > = < < = & = A = I = 
misc.: ?: 

Functions 
arguments: Numbers, Pointers, Structures 
return values: Numbers, POinters, Structures 
forward reference (argument checking) 

Library Definition Limited-Freestanding environment 
Embedded Assembly Code 
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HPC C Compiler-CCHPC Introduction (Continued) 

All operators are supported, and anachronisms have 
been eliminated (as per the standard). Structure as­
signment, structure arguments, and structure func­
tions are also supported. Forward reference functions 
and argument type checking is supported. 
Assembly code may be embedded within C programs 
between special delimiters. 

COMPILER COMMAND FEATURES 

The CCHPC runs under different host operating sys­
tems. Depending on the host system and the CCHPC 
command line options, ordering of the elements and 
their syntax may vary. In all cases, the command line 
consists of the command name, options or switches, 
and the filename to be compiled. 
The compiler output, in the form of ASMHPC assem­
bler source statements, is put in a file with the exten­
sion ".asm". 

The following is a description of the CCHPC options or 
switches: 

Include C code In assembler code output-Assem­
bler output file contains the C source code lines as 
comments. 
Invoke C preprocessor before compilatIon-Al­
lows the C preprocessor invocation to be skipped. 

Invoke an alternative C preprocessor before com­
pilation-Allows an alternative preprocessor to be 
used. 
Setting the stack size-This switch takes a numeric 
argument in the form of a C constant. If the module 
being compiled contains the function main, the com­
piler uses the number as the size of the program's 
execution stack, in words. The option is ignored if the 
module does not contain main. 
Creating 8·blt wide code-This switch creates code 
that can be executed from a-bit wide memory by 
avoiding the use of instructions that fetch 16-bit oper­
ands (such as JIDW). This option DOES NOT allow 
the use of 16-bit values or data in a-bit memory. 
PlaCing string literals In ROM-The ANSI draft lan­
guage standard calls for string literals, and individual 
copies for each usage of the literal to be stored in 
RAM. This switch allows CCHPC to override this re­
quirement for efficiency, saving startup time, RAM and 
ROM space. Turn off compiler warning messages. 
Indicating directories for Include flies-This switch 
takes a string argument which is passed to the C pre­
processor. The C preprocessor uses it as a directory 
to search for include files. 

Defining symbol names-This switch passes the 
string argument to the C preprocessor. It instructs the 
preprocessor to perform the same function as the 
# define, allowing the symbol definitions to be moved 
to the invocation line. 
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Undefinlng symbol names-Similarly, this switch 
passes a string argument to the C preprocessor. It 
removes any previous definitions. 
Permit old·fashioned constructs-Certain anachro­
nisms from Kernighan and Ritchie C that are not per­
mitted in ANSI C will be accepted by the compiler if 
this option is specified. This option is a convenience 
for users porting a C program to CCHPC from a Kerni­
ghan and Ritchie compiler. 

Set chip revision level-This switch is used to gener­
ate code to work around bugs in specified chip revi­
sions. 
Generate symbolic debug information-This option 
causes the compiler to create symbolic debug infor­
mation which is passed to the output assembly file. 

BASIC DEFINITIONS 

Names may be arbitrarily long, but only the first 32 
characters are significant. Case distinctions are re­
spected. 

Constants may be of type decimal, octal, hex, charac­
ter and string. 
Escape sequences for new line, horizontal and verti­
cal tab, backspace, carriage return, form feed, alert, 
backslash, single quote, double quote, octal and 
hexadecimal numbers are supported. 

Comments imbedded in the source code begin with 
"1*" and end with " .. 1". Comments can not be nest­
ed. 
CCHPC supports the following Data types: 

Name Size In Bits 

char a 
short 16 
int 16 
enum a or 16 
long 32 
signed char a 
signed short 16 
signed int 16 
signed long 32 
unsigned char a 
unsigned short 16 
unsigned int 16 
unsigned long 32 
float 32 
double 32 
long double 32 
struct sum of component sizes 
union maximum of component sizes 

The type "char" is treated as signed. Unsigned opera­
tions are treated the same as signed operation, ex­
cept for multiplication, division, remainder, right shifts 
and comparisons. For signed integers, the compiler 
uses an arithmetic right shift. For unsigned integers, a 
logical shift is used when shifting right. 
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Keywords const and volatile can be applied to any 
data. Const indicates that the symbol refers to a loca­
tion which is read-only. If the symbol is in static or 
global storage, it will be assigned to ROM memory. 
Volatile indicates that optimization must not change or 
reduce the accesses to the symbol. 

Since the HPC supports 8-bit operations, CCHPC 
does not automatically promote "char" types to "int" 
when evaluating expressions. For a binary operation, 
the compiler promotes a "char" to an "int" only if the 
other operand is a 16-bit (or more) value or if the re­
sult of the operation is required to be a 16·bit (or 
more) value. The use of 8-bit operations yields effi­
cient code without compromising the correctness of 
the result. 
CCHPC uses the standard C preprocessor and any 
standard preprocessor functions, including" # define", 
"# include" and macros with arguments are support­
ed. 
A program is set of intermixed variable and function 
definitions. Variables must always be defined before 
use, functions may be defined in any order. 
Variable initialization is performed according to the 
draft ANSI standard rules. 

Standard C operators, and their hierarchy are as de­
scribed in the ANSI standard draft. 

CCHPC allows the programmer to imbed assembler 
code directly in the C source. All data between "/$" 
and "$1" is copied directly to the assembler output file 
generated by CCHPC. 

CCHPC IMPLEMENTATION DEPENDENT 
CONSIDERATIONS 

Memory 

CCHPC is designed to execute in a 16-bit environ­
ment. Special care must be taken when using CCHPC 
in an 8-bit HPC system. 

Storage Classes 

CCHPC supports the following storage classes: 
auto 
static 
register 
typedef 
extern 

Due to HPC architectural features, the "register" stor­
age class is limited. A variable can be assigned a 
"register" only if it is of type pointer and only if a regis­
ter is available. The first "register" pointer variable en­
countered is assigned to the HPC B register, the sec­
ond to the HPC X register and any subsequent ones 
are treated as "auto" (unless NOLOCAL is in effect, in 
which case it will be treated as "static"). 

The default storage class for global declarations is 
"static". The default storage class for declarations 
within functions is "auto". 
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Storage Class Modifiers 

To make maximum efficient use of HPC architectural 
features CCHPC supports the notion of "storage class 
modifiers". A storage class modifier may appear with 
or in place of a storage class. Following is the set of 
storage class modifiers: 

Keyword Applicable to 

BASEPAGE variable 
ACTIVE function 
NOLOCAL function 
INTERRUPTn function 
(where n = 1 to 7) 

Storage class modifiers may be supplied with each 
variable or function declaration. The effect of each 
storage class modifier is described in the following: 
BASEPAGE-The variable will be allocated in the 
BASE section. Accessing a base page variable is more 
efficient than accessing any other type of variable but 
the amount of basepage storage is limited. 
ACTIVE-The address of the function is placed in the 
16 word JSRP table. Calls to the function will require 1 
byte of code. The most frequently called functions 
should be considered for designation as ACTIVE func­
tions for maximum code efficiency. 
NOLOCAL-The functions local variables are not al­
located on the run-time stack. Instead, they are allo­
cated in static storage. Access to local variables in a 
NOLOCAL function will be more efficient since access 
can be direct rather than indexed from the frame 
pointer. If a function has no arguments or local vari­
ables, then entry and exit from the function will be 
much more efficient since there will be no need to 
adjust the frame pointer on entry and exit of the func­
tion. 
INTERRUPTn-These modifiers can be used to set 
interrupt vectors (one through seven) to point to a par­
ticular function. Any function which has an INTER­
RUPT storage class modifier has special entry and 
exit code generated. This code will push all HPC regis­
ters (A, B, K, X, PSW and word at RAM address 0) 
onto the stack before executing normal function entry 
code. Exit code restores all registers before returning 
from the interrupt. 

C Stack Formation 

The Stack Pointer (SP) is initialized to the start ad­
dress assigned by the linker. The Stack Pointer al­
ways points to the next free location at the top of the 
stack. 
Within a function, the compiler maintains a Frame 
Pointer which is used to access function arguments 
and local automatic variables. The Frame Pointer lo­
cation is reserved by the compiler at location Oxbe. 
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HPC C Compiler-CCHPC Introduction (Continued) 

To call a function, the compiler pushes arguments 
onto the stack in reverse order, performs a jump sub­
routine to the function, then decrements the Stack 
Pointer by the number of bytes pushed onto the stack. 
Since all stack pushes are 16-bits, any 8-bit argu­
ments are automatically promoted to 16-bits. On func­
tion entry, the compiler creates new stack and frame 
pointers for the function. On exit, the stack and frame 
pointers are restored to the values they had on entry 
to the function. 
Using In-Line Assembler Code 

CCHPC allows in-line assembler code to be entered in 
the body of a C function. The assembler code can 
access any of the currently active variables or can get 
the address of a variable. 
Efficiency Considerations 

HPC code size and execution time can be optimized 
by making maximum use of BASEPAGE variables. 
When BASEPAGE is full, static variables are next 
most efficient. The least efficient variables are auto­
matic since they require an indirect indexed access. 
Minimizing the use of longs and floats will improve 
efficiency. The HPC architecture strongly supports un­
signed arithmetic, so the programmer should use un­
signed variables except for cases that absolutely re­
quire signed arithmetic. The compiler does not at­
tempt to identify common subexpressions for compu­
tation only once, so this must be done by the program­
mer. 
Statements and Implementation 

The following C statements are supported by CCHPC: 
expression; 
if 
if ... else 
while .. . 
do ... while 
for .. . 
break 
goto 
continue 
return 
return .. . 
case .. . 
default 
switch .. . 
switchf .. . 
loop .. . 

The switch statement will generate an efficient jump 
table for a set of cases if the cases are sufficiently 
close, or it will generate individual tests for each casa. 
The switchf statement is the same as the switch state­
ment except that when a jump table is generated for 
the switchf statement the compiler does not generate 
the code necessary to check the bounds of the value 
to be switched on. This creates a more efficient form 
of the switch statement but the programmer must in­
sure that the value being switched on is in range. 
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The loop statement is an extension to the ANSI stan­
dard. Loop allows the programmer to create a code 
efficient loop by using the HPC DECSZ instruction. 
The loop statement may be nested. A break state­
ment inside the loop will cause an immediate exit from 
the loop. 

Run-Time Notes 

During evaluation of complex expressions, the compil­
er uses the stack to store intermediate results. 

All HPC C programs start with a call to the function 
"main" with no arguments. Before calling "main", run­
time start-up code initializes RAM. The initial values of 
static or global variables with initialization are stored in 
ROM and copied to the appropriate variables in RAM. 
Static or. global variables without initialization are 
cleared to zero. The function "main" must be defined. 
When "main" returns to the run-time start-up routine it 
executes the HALT macro provided which puts the 
chip in an infinite loop. 

Since the run-time stack is of fixed size and there is no 
check for stack overflow, it is up to the programmer to 
insure that the stack area is large enough to prevent 
stack overflow. 

Memory location zero is reserved by the compiler. 
The HPC C Compiler User's Manual provides addition­
al information on the features and functions of 
CCHPC. 

HPC Cross Assembler-ASMHPC 
INTRODUCTION 

The HPC cross-assembler (ASMHPC) isa cross-as­
sembler for the NSC HPC family of microcontrollers. 
ASMHPC translates symbolic input files into object 
modules and generates an output listing of the source 
statements, machine code, memory locations, error 
messages, and other information useful in debugging 
and verifying programs. 

ASMHPC has the following useful features-
- Macro capability that allows common code se­

quences to be coded once. 

- Conditional code assembly is supported. 
- Translates symbolic assembly code modules into 

object code. Object modules are linkable and relo­
catable. 

- Symbolic names may be defined for any HPC reg­
ister, memory location or 110 port. Symbols may 
be defined as byte or word size. 

- Symbol table and cross-reference output is provid­
ed. 

- Full set of Assembler directives are provided for 
ease of generating vector tables for interrupts, 
short subroutine calls, jump indirects and other 
data generation within the object program. 

- Data and code sections are user definable. Sec­
tions may be relocatable or absolute. Sections 
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may be assigned to 8-bit memory to support the 
HPC 8-bit mode. Data sections may be assigned to 
basepage RAM on the HPC to maximize efficient 
access to variables. 

- Accepts assembly source code generated by the 
HPC C Compiler, CCHPC. 

- Full set of Assembler controls for greater flexibility 
in debugging modules and programs created by 
ASMHPC. 

ASSEMBLY LANGUAGE ELEMENTS 

Assembly Language Statement 

Assembly language statements are comprised of four 
fields of information. 
Label field-This is an optional field. It may contain a 
symbol used to identify a statement referenced by 
other statements. A symbol used in this manner is 
called a label. 
Operation field-This field contains an identifier 
which indicates what type of statement is on the line. 
The identifier may be an instruction mnemonic or an 
assembler directive. The operation field is required on 
all assembler statement lines, except those lines 
which consist of only a label and/or comment. 
Operand field-The operand field contains entries 
that identify data to be acted upon by the operation 
defined in the operation field. Operand examples are 
source or target addresses for data movement, imme­
diate data for register initialization, etc. 
Comment field-Comments are optional descriptive 
notes that are included in the program and listings for 
programmer reference and program documentation. 
Comments have no effect on the asembled object 
module file. 

Character Set 

Each assembly language statement is written using 
the following characters: 

Letters-A through Z (a through z) 
Numbers-O through 9 
Special Characters-I$%'{)* +, - .I;: < = > &#7_bA 

Note: Upper and lower case are distinct; bA indicates a blank. 

Location Counter 

There is a separate location counter for each program 
section, and the counter is relative to the start of that 
section. The assembler uses the location counter in 
determining where the current statement goes in the 
current program section. If the program section is relo­
catable, the linker does the final job of assigning an 
absolute address to the instruction. 

Symbols and Labels 

Symbols and labels are used to provide a convenient 
name for values and statements. Symbols and labels 
have the same rules for construction, only their use 
distinguishes a symbol from a label. 
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Rules for symbol or label construction are: 

1. The first character must be either a letter, a ques­
tion mark (7), an underscore (_), a dollar sign ($) or 
a period (.). 

2. All other characters may be any alphanumeric char­
acter, dollar sign ($), question mark (7) or under­
score (_). 

3. The maximum number of characters in a symbol or 
label may be selected by the user with the SIZE-

SYMBOL control. The default is 64. 
4. Symbols starting with dollar sign ($) are local sym-

bols and are defined only within a local region. 
5. Labels and symbols are case sensitive. 

Operand Expression Evaluation 

The expression evaluator in the assembler evaluates 
an expression in the operand field of a source pro­
gram. The expressions are composed of combina­
tions of terms and operators. An expression may con­
sist of a single term or may consist of two or more 
terms combined using operators. Terms are-num­
bers in decimal, hexadecimal, octal or binary, string 
constants, labels and symbols or the location counter 
symbol. Each term has four attributes: its' value, relo­
cation type, memory type and size. The relocation 
type is either absolute or relocatable. The memory 
type indicates whether the term represents a BASE, 
RAM8, ROM8, RAM16, ROM16 or null (in the case of 
an absolute term). The size of a term is null, byte or 
word. 
The operators allowed in ASMHPC are: arithmetic, 
logical, relational, upper and lower byte extraction and 
untype operators. Arithmetic operators are +, -, "', /, 
MOD, SHL, ROL and ROA. The logical operators are 
NOT, AND, OR and XOA. The relational operators are 
EO, NE, GT, L T, GE and LE. Upper and lower extrac­
tion operators are HIGH and LOW. The untype opera­
tor is &. 
Parentheses are permitted in expressions. Parenthe­
ses in expressions override the normal order of evalu­
ation, with the expression(s) within parentheses being 
evaluated before the outer expressions. 
Numbers are represented in ASMHPC in 16-bit 2's 
complement notation. Signed numbers in this repre­
sentation have a range of - 32768 (x'8000) to 
+ 32767 (x'7FFF). Unsigned numbers are in the range 
of 0 to 65535. String constants are internally repre­
sented in the 8-bit ASCII code. All expression evalua­
tion is done treating terms as unsigned numbers, for 
example, -1 is treated as having the value x'FFFF. 
The magnitude of the expression must be compatible 
with the memory storage available for the expression. 
For example, if the expression is to be stored in an 8-
bit memory location, then the value of the evaluated 
expression must not exceed x'FF. 
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HPC Cross Assembler-ASMHPC (Continued) 

ASSEMBLY PROCESS 

The ASMHPC assembler performs its functions by 
reading the assembly language statements sequen­
tially from the beginning of a module or a program to 
the end, generating the object code and a program as 
it proceeds. 

The ASMHPC assembler is a multi-pass assembler 
which allows it to resolve forward referenced symbols 
and labels efficiently. The number of passes can be 
selected using the PASS control. This allows the user 
to select the level of optimization of forward refer­
enced instructions. 

MACROS 

Macros help make an assembly language program 
easier to create, read and maintain. A macro definition 
is an assembly statement or statements that are re­
ferred to by a macro name. The macro may have pa­
rameters that are operated upon by the assembly 
statements. ASMHPC will substitute the macro defini­
tion for the macro name with the appropriate parame­
ters during the assembly process. Repetitive or similar 
code can be defined as macros and the programmer 
can use the macros to build a library of basic routines. 
Variables unique to particular applications can be de­
fined in and passed to a particular macro when called 
by main programs. 

Defining a Macro 

Macros must be defined before they are used in a 
program. Macro definitions do not generate code. 
Code is generated only when the macros are called by 
the assembly program. Macro definitions have a Mac­
ro name by which the macro will be referred in the 
program, declaration of any parameters to be used in 
the macro, assembler statements that are. contained 
in the macro body and directives that define the 
boundaries of the macro. 
Following is the macro definition structure: 

.MACRO mname [,parameters] 

• 
• 
• 

macro body 

.ENDM 
where: 

• 
• 
• 

- .MACRO is the assembler directive which initiates 
the macro definition. 

- mname is the name of the macro. Multiple macros 
can have the same name. The last macro defined 
is the macro definition used. Macro definitions are 
retained in the macro definition table; if the current 
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macro is deleted by the .MDEL directive, the previ­
ous definition becomes active. If mname is the 
same as a valid instruction mnemonic, the macro 
name is used in place of the normal instruction. 

- Parameters are the optional list of parameters 
used in the macro. Parameters are delimited from 
mname and additional parameters with commas. 

- The macro body is a sequence of assembly lan­
guage statements and may consist of simple text, 
text with parameters, and/or macro-time opera­
tors. 

- .ENDM identifies the end of the macro and must 
be used to terminate the macro definition. 

Calling a Macro 

Once a macro has been defined, it may be called by a 
program to generate code. A macro is called by plac­
ing the macro name in the operation field of the as­
sembly language statement, followed by the actual 
value of the parameters to be used (if any). The form 
of a macro call is: 

mname [parameters] 

where: 
- mname is the previously assigned name in the 

macro definition and 

- parameters are the optional list of input parame­
ters. When a macro is defined without parameters, 
the parameter list is omitted from the call. 

The macro call as well as the expanded macro as­
sembly code will appear on the assembler listing if the 
appropriate controls are enabled. 

Using Parameters 

The power of a macro can be increased with the use 
of optional parameters. The parameters allow variable 
values to be declared when the macro is called. 

When parameters are included in a macro call, the 
following rules apply to the parameter list: 

1. One comma and zero or more blanks delimit pa­
rameters. 

2. A semicolon terminates the parameter list and 
starts the comment field. 

3. Single quotes (') may be included as part of a pa­
rameter except as the first character of a parame­
ter. 

4. A parameter may be enclosed in single quotes (,), in 
which case the quotes are removed and the string 
is used as the parameter. This function allows 
blanks, commas, or semicolon to be included in the 
parameter. To include a quote in a quoted parame­
ter, include two quotes ("). 

5. Missing or null parameters are treated as strings of 
length zero. 

The macro operator @ references the parameter list in 
macro call. Using the operator @ in an expression, the 
number of parameters can be used to control condi­
tional macro expansion. The @ operator may also be 
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used with a constant or symbol to reference the indi­
vidual parameters in the macro parameter list. These 
capabilities eliminate the need for naming each pa­
rameter in the macro definition, which is useful when 
there are long parameter lists. Using the @ parameter 
count operator it is possible to create macros which 
have a variable number of parameters. 
The macro operator for concatenation is A. In a macro 
expansion the A operator is removed and the strings 
on each side of the operator concatenated after pa­
rameter substitution. This operator provides the ability 
of creating variable labels through the use of macros. 

Local Symbols 

When a label is defined within a macro, a duplicate 
definition results with the second and each subse­
quent call of the macro. This problem can be avoided 
by using the .MLOC directive to declare labels local to 
the macro definition. 

Conditional Expansion 

The conditional assembly directives allow the user to 
generate different lines of code from the same macro 
simply by varying the parameter values used in the 
macro calls. 

Nested Macro Calls 

Nested macro calls are supported. A macro definition 
may call another macro. The number of allowable lev­
els of nesting depends on the sizes of the parameter 
lists, but at least ten is typical. 

A logical extension of the nested macro call is the 
recursive macro call, that is a macro that calls itself. 
This is allowed, but the programmer must insure that 
the call does not create an infinite loop. 

Nested Macro Definitions 

A macro definition may be nested within another mac­
ro. Such a macro is not defined until the outer macro 
is expanded and the nested macro is executed. This 
allows the creation of special purpose macros based 
on the outer macro parameters. Using the .MDEL di­
rective and the nested macro capability a macro can 
be defined only within the range of the macro that 
uses it. 

Macro Comments 

All lines within a macro definition are stored with the 
macro, however, any text following ";;" is removed 
before being stored. This text will appear on the listing 
of the macro definition but will not appear on the mac­
ro expansion. 

ASSEMBLY LISTING 

The listing generated by ASMHPC contains program 
assembly language statements, line numbers, page 
numbers, error messages and a list of the symbols 
used in the program. The listing of assembly language 
statements which generate machine code includes 
the hexadecimal address of memory locations used 
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for the statement and the contents of these locations. 
To the left of the instruction, an "R" indicates a relo­
catable argument in this instruction, "X" indicates an 
external argument, "C" indicates a complex argument 
and "+ II indicates macro expansion. 
The assembler listing optionally includes an alphabeti­
cal listing of all symbols used in the program together 
with their values, absolute or relocatable type, word or 
byte or null type, section memory type and public or 
external. Optionally a cross reference of all symbol 
usage by source line number is given; the defining line 
number is preceded by a "_". 

The total number of errors and warnings, if any, is 
printed with the listing. Errors and warnings associat­
ed with assembly language statements are flagged 
with descriptive messages on the appropriate state­
ment lines. 

Directives 

Directive statements control the assembly process 
and may generate data in the object program. The 
directive name may be preceded by one or more la­
bels, and may be followed by a comment. The direc­
tive's name occupies the operation field. Some direc­
tives require an operand field expression. 

Assembler Controls 

An assembler control is a command that may be used 
in the source program on a control line or on the invo­
cation line as an option. A control line is indicated by a 
# in column 1 of the source line. Comments may be 
included on a control line by preceding the comment 
with a semicolon. Invocation line controls are masters 
and override the same controls in the program source. 
Examples of assembler control capabilities are: format 
control of the assembly listing, enable/disable listing 
of conditional code and conditional directives, listing 
of comment lines, macro expansion lines, macro ob­
ject lines only. Cross references and symbol tables 
can be generated in the listing file, macro local sym­
bols and constants can be put into the symbol table, 
number of assembler passes specified, assembler 
controls saved and restored ... 

ASSEMBLER INVOCATION 

ASMHPC invocation will vary somewhat depending 
upon the host operating system being used. All sys­
tems have a similar invocation line format. The argu­
ments for ASMHPC invocation are: the name of the 
assembly program(s) or module(s) to be assembled, 
list of assembler options and the name of a command 
file that contains additional invocation line source file­
names and/or options. An assembler invocation line 
option is an assembler control that is specified in a 
manner consistent with the requirements of the oper­
ating system. When specifying a filename, the name 
may include a directory path. If no arguments are 
specified on the invocation line, the ASMHPC HELP 
menu is displayed. 
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HPC Cross-Linker-LNHPC 
INTRODUCTION 

The HPC cross-linker (LNHPC) links object files gen­
erated by ASMHPC. The result is an absolute load 
module in various formats, such as the MOLE II .1m" 
format, INTEL Hex or COFF formats. LNHPC com­
binesa number of ASMHPC relocatable object mod­
ules into a single absolute object module with all the 
relocatable addresses assigned. All external symbol 
references between modules are resolved, and library 
object modules are linked as required. 

LNHPC creates two outputs: 
1. An absolute object module file that can be down­

loaded to the HPC Development System for emula­
tion and debugging. The output could also be used 
by the HPC Source Level Debugger if the SYMBOL 
option was used on CCHPC to create symbolic in­
formation. 

2. A load map that shows the result of the link with an 
optional cross reference listing. 

LNHPC MEMORY ALLOCATION 

The Linker places each section in memory based on 
the attributes of the section and the memory that is 
available. Available memory is specified by the 
RANGE command. Each section has the following at­
tributes: 

Memory type-BASE, ROMS, ROM16, RAMS, 
RAM16 
Size-determined from the object modules 

Absolute-section was specified as absolute in as­
sembler 

Fixed-starting address was specified by the SECT 
command 

Ranged-memory range was specified by the SECT 
command. 

Memory is allocated section by section. Sections are 
allocated in the following order: 
1. Each absolute or fixed section is placed in memory 

at its specified address. 
2. Each ranged section is placed in memory within the 

specified range, regardless of whether this memory 
has been allocated in the Range Definition. An error 
will occur if the section can not be located. 

3. All remaining sections are allocated as follows: As 
each section is processed, the ranges for its memo­
ry type are examined to find enough free space to 
allocate the section. Each range is examined in or­
der. The first space large enough to contain the 
section is used. At this point, the memory allocated 
is marked used. If not enough memory is available 
to allocate the section, an error message is dis­
played. For efficiency, sections which may contain 
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word aligned data (ROM16, RAM16, BASE which 
are word aligned) are allocated first. The user will 
benefit if the word aligned data is placed in these 
sections and byte data in other sections. 

The load map shows the following: 
- Range definitions showing the memory ranges 

specified by the /RANGE option or by the default. 

- The Memory Order Map showing the starting and 
ending addresses of each contiguous range of 
memory used. 

- The Memory Type Map showing how memory is 
allocated organized by the memory type. 

- The Total Memory Map showing the allocation of 
all ROM and all RAM. 

- The Section Table showing each section in the link, 
along with its starting and ending address. Section 
attributes are also displayed. 

LINKER INVOCATION 

LNHPC invocation will vary somewhat depending 
upon the host operating system being used. All sys­
tems have a similar invocation line format. The argu­
ments for LNHPC invocation are-the name of the ob­
ject file(s), module(s) or libraries to be linked, list of 
linker options and the name of a command file that 
contains additional invocation line source filenames 
and/or options. A linker invocation line option is a link­
er control that is specified in a manner consistent with 
the requirements of the operating system. When spec­
ifying a filename, the name may include a directory 
path. If no arguments are specified on the invocation 
line, the LNHPC HELP menu is displayed. 

HPC Cross-Llbrarlan-LIBHPC 
INTRODUCTION 

The HPC cross-librarian (LlBHPC) reads object mod­
ules produced by ASMHPC and combines them into 
one file called a library. The linker can then search the 
library for any undefined external symbols and link the 
object module associated with the external symbol. 
LNHPC will only link in those library object modules 
required to satisfy external references to maximize ef­
ficient use of memory space. LlBHPC is a librarian 
utility that is provided to allow the user to develop 
standard modules and place them in libraries. The 
user may add, delete and list modules in a library file. 
A library of typical C functions is supplied with the 
HPC C Compiler (CCHPC). This library is an example 
of the type of library that could be created for an HPC 
application program. It is intended to be used as a 
template for the user to create a custom library specif­
ic to the application for maximum code efficiency. 



HPC Cross-Librarian-L1BHPC (Continued) 

LIBRARIAN INVOCATION 

LlBHPC invocation will vary somewhat depending 
upon the host operating system being used. All sys­
tems have a similar invocation line format. The argu­
ments for LlBHPC invocation are-the name of the 
library file to process, list of librarian options and the 
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name of a command file that contains additional invo­
cation line source filenames and/or options. A librari­
an invocation line option is a librarian control that is 
specified in a manner consistent with the require­
ments of the operating system. When specifying a file­
name, the name may include a directory path. If no 
arguments are specified on the invocation line, the 
LlBHPC HELP menu is displayed. 
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General Description 
The ISDN Basic Rate Interface Software Package imple­
mented on the National Semiconductor HPCTM Microcon­
troller Family contains the software elements that are nec­
essary to implement CCIIT standards 0.921 and 0.931 as 
approved by T1 D1 for North America. 

The software package is designed to be easily unbundled 
and used independently by a software developer. Each lay­
er or function is written as a separate software task. This 
modular design and well defined task interface make it easy 
to interface application dependent software to the modules 
provided. The coding standards for software development 
have been designed to ensure development of consistent, 
structured code, which can be easily used and maintained 
over the life of the code. 

This software is supplied as a disk set and is used in con­
junction with HPC development tools and software. 

Block Diagram 

Features 
• Multi-tasking executive 
• Preemptive scheduling 
• Modular software design 
• Multiple timer facility 
• HPC physical layer I/O interface 
• Layer 2 link access procedure for the D channel 

(LAPD) 
• Layer 2 link access procedure for the B channel 

(LAPB) 
• Layer 3 protocol control procedure for a terminal 

endpoint 
• Layer management entity support 
• Demonstration Call Control Task 
• Task-View task exerciser and debugger 
• Message trace capability 
• Split frame message formatting 
• Source code in C language 

HPC ISDN Software 
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HPC 
CPU 
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ISDN "S" BUS 
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DRIVER 
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1.0 Architectural Description 
1.1 INTRODUCTION 

This description defines the software required to implement 
the ISDN Basic Rate Interface on the HPC family of micro­
controllers, including the HPC16400 which has onboard 
hardware specifically designed for Data Communication and 
ISDN applications. 

The software consists of the following main parts, shown in 
overview in Figure 1.1: 

• HPC Executive, providing an operating environment and 
services for the ISDN software and for additional applica­
tion software written by OEM users of the HPC. 

• 110 Drivers, interfacing to the DMAlHDLC controllers on 
the HPC16400 and to the TP3420 "S" Interface Device. 

• Data Link Layer Software, implementing the CCITT 
0.921 and X.25 link access procedures (LAPD and 
LAPB). 

• Network Layer Software, implementing the Protocol Con­
trol Procedures defined in the CCITT 0.931 standard. 

• Demonstration Call Control Module, allowing a develop­
ment engineer at a terminal to make and receive ISDN 
phone calls which exercise the above software. 

• Tracer Module, allowing a development engineer at a ter-
minal to monitor the operation of the above software. 

• Management Entity Module 

1.2 SOFTWARE ARCHITECTURAL PRINCIPLES 

1.2.1 Modular Multitasking Environment 

Eack layer or function is written as a separate software task. 
Intertask communications and the interface between tasks 
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and 110 drivers is by means of mail messages and sema­
phores, which are managed by the multi-tasking HPC Exec­
utive. 

This modular design and well defined intertask interface 
make it easy for users to interface application-dependent 
software to the modules provided. The services of the HPC 
Executive (mail, semaphores, timers, memory management) 
facilitate the writing of software tasks and 110 drivers. 
These services are available to all tasks and to interrupt-lev­
el drivers. 

1.2.2 Event-Driven State-Machine Architecture 

Telecommunication software typically involves many invo­
cations of the same code (one per call, one per logical con­
nection, etc.) and requires a particular software architecture: 
tasks must be structured as event-driven state machines. 
Each task has one or more mailboxes and operates by pick­
ing up mail, one message at a time, from the mail queue, 
and processing the message to completion before returning 
for the next mail message. 

Each "entity" within a task (each call, each logical connec­
tion, etc.) has a state block, indicating its current state. After 
picking up a mail message, the task identifies the entity in­
volved in the message, accesses the state block for that 
entity, processes the message based on the state of the 
entity, and finally sets the state block to the new state of the 
entity. 
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FIGURE 1.1 HPC16400 Software for ISDN 
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~ 1.0 Architectural Description (Continued) 

1.2.3 Coding Standards 

The coding standards for software development have been 
designed to ensure development of consistent, structured 
code, which can be easily used and easily maintained over 
the life of the code. 

1.3 HPC EXECUTIVE 

The HPC Executive provides an operating environment for 
the Layer 2 and Layer 3 tasks, the application tasks, the 
various support tasks, and the 1/0 drivers which interface to 
the hardware. It provides the following services to the tasks 
and 1/0 drivers: 

• Scheduling of tasks that are ready to run, based on task 
priority. Preemptive scheduling and time slicing can be 

. optionally enabled. 

• Task-task and driver-task communication, by means of 
mail messages, which can be sent and picked up, and 
semaphores, which can be signaled and awaited. 

• Timers, which are equivalent to mail messages with a 
specified delay and which allow tasks and drivers to time 
their activities and time out when an expected event 
does not occur. 

• Memory management, to allocate and deallocate fixed-
size buffers as needed by tasks and drivers. 

Application tasks and 1/0 drivers developed by users of the 
HPC can easily be inserted in the HPC Executive environ­
ment and can take full advantage of its services. 

1.4 ISDN TELECOMMUNICATIONS STANDARDS 

1.4.1 CCITT Standards 

The Layer 2 Task implements CCIIT specification 0.921 
(LAPD) and Layer 2 (LA!B) of CCIIT specification x.25. The 
last CCIIT published version of specification 0.921 is the 
1984 Red Book with subsequent CCIIT produced revisions. 
The Layer 2 Task LAPD implementation is based on the 
version issued in December 1986, CCIIT Document COM 
XI-R 43-E, with the minor revisions issued in September 
1987, Temporary Document 644-E Rev. 1. This version is 
expected to be very close to the next CCIIT published ver­
sion, The 1988 Blue Books. The Layer 2 Task LAPB imple­
mentation is based on the 1984 Red Book. 

The Layer 3 Task implements the Protocol Control Proce­
dures of CCIIT Specification 0.931. Since this specification 
was still subject to revision, the software is based on the 
latest version of 0.931 distributed at the ECSAI ANSI T1D1 
meeting in September 1987. This version is significantly 
changed from the 1984 Red Books. 

However it is expected to be close to the next CCIIT pub­
lished version, the 1988 Blue Books. 

In terms of the September 1987 T1 01 version of the specifi­
cation, the Layer 3 Task implements the circuit-switched 
procedures described in Section 5. The Layer 3 Task imple­
ments the Protocol Control procedures and some of the 
Resource Management. The Call Control Task implements 
a demonstration version of the Call Control Procedures and 
the balance of the Resource Management. 

In terms of the specification and description language (SDL) 
diagrams in the 0.931 specification, the Layer 3 Task imple­
ments Figure 38 (26 pages). 

The establishment and release of logical links are fully cov­
ered in the Layer 2 specifications (0.921), but the Layer 3 
aspects of this are not handled in the version of 0.931 on 
which the Layer 3 Task is based. Therefore, additional Layer 
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3 states and SDL diagrams have been created and addition­
al software has been written to handle this requirement. 

1.5 ISDN TELECOMMUNICATIONS SOFTWARE 

The software packages described below are deSigned to be 
easily "unbundled" and used independently by a software 
developer. 

1.5.1 Layer 1 1/0 Driver 

The Layer 1 1/0 Driver controls the HPC MICROWIREI 
PLUSTM interface, and the onboard Serial Decoder. This 
driver is responsible for the hardware initialization, the con­
trol of the Serial Decoder, the activation and the deactiva­
tion of the Layer 1 1/0 device. Use of the HPC Executive 
mail and semaphore services makes this driver simple to 
implement and easy to enhance by users that require addi­
tional Layer 1 hardware interfaces. 

1.5.2 Layer 2110 Driver 

The Layer 2 1/0 Driver controls the HDLC/DMA controllers 
onboard the HPC16400, and interfaces this hardware to the 
Layer 2 Task. This driver is responsible for the hardware 
initialization, the reception of frames toward the HPC, the 
transmission of frames away from the HPC, and appropriate 
error handling. Use of the HPC Executive mail and sema­
phore services makes this driver simple to implement and 
easy to replace with alternative drivers that a user may wish 
to develop. 

1.5.3 Layer 2 Task 

The Layer 2 Task implements the full LAPD protocol de­
fined in 0.921, providing error free in-sequence transmis­
sion, reception and multiplexing of messages received by 
an HDLC controller connected to the D signaling channel. 
The event-driven state machine architecture, described 
above, enables a single software module to support simulta­
neous activity on multiple logical connections. The Layer 2 
Task also supports X.25 LAPS processing for messages re­
ceived by a second HDLC controller connected to a bearer 
B channel. 

1.5.4 Layer 3 Task 

The Layer 3 Task implements the user side of the Protocol 
Control Procedures of 0.931, which are used to setup, an­
swer, suspend, resume, and disconnect a call. Specifically, 
it implements all of Figure 210.931 of 0.931. The event­
driven state machine architecture, described above, en­
ables a single software module to support simultaneous ac­
tivity relating to calls on both bearer B channels. 

1.5.5 Demonstration Call Control Task 

The latest versions of 0.931 separate the Layer 3 proce­
dures into Protocol Control Procedures and Call Control 
Procedures. Call Control Procedures are application depen­
dent. These procedures handle bearer channel selection 
and actual establishment of the voice channel. As 0.931 
notes, these procedures can also be considered to be part 
of the Applications Layer. The Call Control Task implements 
a minimal subset of the Call Control Procedures, for demon­
stration purposes. In an actual application, this task will be 
replaced by an application-specific task, tailored to the ca­
pabilities of the actual terminal equipment (number of termi­
nals, handsets, etc.). 

1.5.6 Management Entity Task 

The Management Entity Task, which is only generically de­
fined in 0.921 and 0.931, handles housekeeping functions 



1.0 Architectural Description (Continued) 

for all layers. These functions include TEl negotiation with 
the network management entity, and the handling of unre­
coverable errors. This task implements as much of the man­
agement entity as is currently defined and in addition what­
ever is necessary for the operation of the other tasks. 

1.5.7 Tracer Task 

The Tracer Task serves two purposes; to demonstrate the 
lower ISDN layers via a menu-driven telephone emulation 
mode, and to trace system mail message traffic. 

1.5.8 Task-View Task Exerciser and Debugger 

TasLView is a special-purpose task that can be inserted 
into the multi-tasking Executive environment in place of the 
Tracer Task. It reads and interprets a user supplied ASCII 
scenario file. Under control of this senario file, TasLView 
sends mail messages to a specified mailbox (or mailboxes), 
where they are read by the task under test. Mail messages 
sent by the task under test in response to this input are then 
displayed by TasLView. In this way the task may be exer­
cised and debugged. 

2.0 Functional Description 
2.1 INTRODUCTION 

This description defines the functional requirements of the 
ISDN Basic Rate Interface Software Package implemented 
on the National Semiconductor HPC Microcontroller Family. 
Specifically, the HPC16400 Software Package implements 
or supports the following high-level functions: 

• Multi-Tasking Executive 

• HPC PhYSical Layer lID Interface 

• Layer 2 Link Access Procedure for the D Channel (LAPD) 

• Layer 2 Link Access Procedure for the B Channel (LAP B) 

• Layer 3 Protocol Control Procedure for a Terminal End­
point 

• Management Entity Support 

• Call Control Demonstration Task 

• Message Trace Capability 

The HPC ISDN Software Package has been divided into 
several functional software elements, as illustrated in the 
HPC ISDN Functional Block Diagram, Figure 2.1. These 
functional elements correspond to software modules. The 
purpose of this section is to introduce the various software 
elements, to define their interactions, and to relate their 
functionality to the appropriate ISDN standards, where ap­
plicable. 

The HPC ISDN Software Package will require additional 
software drivers and application-specific tasks prior to serv­
ing as a useful ISDN Terminal Endpoint (TE) entity. The 
HPC ISDN software has been coded and documented to 
allow easy integration of additional application code. 

The HPC ISDN Software elements illustrated in Figure 2.1 
have been divided into the following categories. 

• HPC Executive (2.2) 

• lID Device Drivers (2.3) 

• ISDN Layer Protocol Tasks (2.4) 

• Application Tasks (2.5) 

• System Utilities (2.6) 

The HPC Executive contains software elements that are 
necessary for HPC ISDN Applications. These elements in­
clude a Multi-Tasking Scheduler, a Memory Manager, a Tim­
er Manager and a Mail Manager. The HPC Executive soft­
ware elements are tightly coupled, and streamlined for the 
National Semiconductor HPC family of controllers. 

The lID Device Drivers interface the HPC hardware ele­
ments to the HPC ISDN Software. The Layer 1 Driver imple­
ments the ISDN PHYSICAL Layer 1 requirements for the 
HPC ISDN system. The Layer 2 Driver interfaces the HPC 
DMAlHDLC controller channels to the Layer 2 Link Access 

Task Scheduler 

MAIL MANAGER 
SYSTEM UTILmES 

MANAGEMENT 
ENTITY 

TIME MANAGER MEMORY MANAGER 

FIGURE 2.1 HPC ISDN Software Functional Block Diagram 
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Procedures. The Terminal Device Driver interfaces the HPC 
on-board UART to the ISDN Software. Device initialization 
sequences, service request tasks and accompanying inter­
rupt service routines are all defined in the 1/0 Device Driver 
section of this document. 

The Layer Protocol Tasks implement the ISDN DATA LINK 
Layer 2 and the NETWORK Layer 3 requirements for the 
HPC ISDN system. These tasks are designed to be hard­
ware configuration and application independent. The Layer 
2 Task provides both the "USER SIDE" and the "NET­
WORK SIDE" implementation of the CCID Specification 
Q.921. The Layer 3 Task provides the "USER SIDE" imple­
mentation of CCID Specification Q.931. 

The Layer 2 Task has been designed to use many of the 
same routines to implement the link access procedures on 
either the signaling 0 channel or the bearer B channel 
(LAPD or LAPB). Design decisions have also been made to 
facilitate the implementation of V.120, the new rate adaption 
scheme that processes LAPD frames on a bearer B chan­
nel. 

The Management Entity Task and the Call Control Task are 
Application (Specific) Tasks that are closely coupled to the 
specific system hardware configuration and the Central Of­
fice Network Entity Software. These tasks are provided for 
demonstration purposes to drive the ISDN layer entities. Ap­
plication users must either replace or extensively rewrite 
these tasks to match their particular ISDN Application envi­
ronment. 

The System Utilities include the power-up reset Main Task, 
the NMI handler, the Timer interrupt handler, and the 
Watchdog Task. 

The Tracer utility provides the capability of on-line tracing of 
intertask mail messages and task states. Tracer is primarily 
a passive task; it displays messages that it receives from 
other tasks. Tracer also provides a user interface for Tele­
phone Simulation. 

The remainder of this document is devoted to defining each 
of the software elements at the functional level. Where ap­
plicable, specific ISDN standard documents such as CCID 
Q.921, Q.931 and X.25 will be referenced, rather than dupli­
cating the information here. 

2.2 HPC EXECUTIVE 

The HPC Executive provides a multitasking environment 
within which the ISDN and applications tasks can run and it 
provides various system services to those tasks. The serv­
ices of the Executive are available to both tasks and inter­
rupt service routines. 

2.2.1 Tasks, Priorities, and the Ready Queue 

A task is a subroutine which can be run (called) by the Exec­
utive. Tasks are managed by the Executive as Task Control 
Blocks (TCS's). A task's TCS contains all the parameters 
needed by the Exeuctive to handle the task, in particular, 
the task's priority and its current starting address. 

Tasks which are not blocked waiting for a semaphore or for 
mail are considered to be ready to run and their TCB's are 
queued on the Ready Queue, in the order of the tasks' prior­
ities. The Task Scheduler runs the task at the head of the 
Ready Queue, i.e., the highest priority task that is ready to 
run. In this way the processor is always given to the highest 
priority task that is ready to run. 
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Once a task is started, it continues to run until it does a 
Semaphore Wait, ReadMail, or Return or, until a higher pri­
ority task is put on the Ready Queue, at which time the 
scheduler has the opportunity tl) once again choose the 
task at the head of prioritized Ready Queue and run that 
task. 

A task may change the priority of any task, including itself. 
The priority change takes place immediately, to the extent 
that the target task's TCB is updated with the new priority 
and the queue in which the target task's TCS is waiting is 
resorted to reflect the new priority. 

If the target task is in the Ready Queue and its new priority 
is higher than the priority of the running task, then the target 
task will run once all protected sections are exited. See 
Section 2.2.3, below. 

2.2.2 Semaphores 

A semaphore is a global variable, accessed through the Ex­
ecutive, which can be Signaled (incremented) by one task 
and Waited on by another task. A semaphore is typically 
used to manage the sharing between tasks of some re­
source, e.g., an 1/0 device, mail messages, etc. At any mo­
ment the value of a semaphore may be positve, negative, or 
zero. A positive value indicates the number of resources 
available, a negative value indicates the number of tasks 
waiting for resources and a zero value indicates that there 
are no resources available and no tasks waiting for them. 

When a task Waits on a semaphore, if the semaphore has a 
nonzero positive value, the task will immediately go on the 
Ready Queue and the semaphore value will be decrement­
ed by one. On the other hand, if the semaphore has a zero 
or negative value, the task will be queued on the semaphore 
and the semaphore value will be decremented by one. 
When a task Signals a semaphore, the semaphore's value 
is incremented by one and the highest priority task waiting 
on the semaphore is put on the Ready Queue. 

A common use for a semaphore is the management of a 
non-shareable resource, such as an 1/0 device. When the 
device is available, the associated semaphore has the value 
+ 1. When a task wishes to obtain exclusive use of the de­
vice, it Waits on the semaphore, which is then decremented 
to 0, with the task going immediately back on the Ready 
Queue. If another task then attempts to use the device, its 
Wait call will cause it to be placed on the Semaphore Queue 
and the value of the semaphore will be decremented to -1. 
Other tasks may also Wait on the semaphore, each decre­
menting its value by one. The negative value of the sema­
phore indicates the number of tasks Waiting for the device. 
The waiting tasks are ordered in the semaphore queue ac­
cording to their priority. When the first task is done with the 
device, it Signals the semaphore, which moves the first wait­
ing task to the Ready Queue and increments the sema­
phore or, if there are no waiting tasks, returns the sema­
phore to its original value of + 1. 

2.2.3 Preemptive Scheduling 

Preemptive scheduling enables the executive to respond 
quickly to high priority events. If a task that is waiting on a 
Semaphore Queue modes to the Ready Queue and if that 
task is of higher priority than the currently running task, 
then, as soon as the currently running task emerges from all 
critical sections and non-preempt sections, the currently 
running task will stop running. The task that was moved to 
the Ready Queue will run. The preempted task will be 
placed on the Ready Queue in the normal manner. 
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Executive functions allow preemption to be selectively 
turned on or off by task or for an entire application. 

2.2.4 Time Slicing 

Time slicing modifies the task scheduling algorithm as fol­
lows: at each "tick" of the timer clock (the clock which also 
controls the time-out timers), if the currently running task 
has the same priority as the task at the head of the Ready 
Queue, then, if the currently running task is not in a non-pre­
empt section, it will stop running and the task at the head of 
the Ready Queue will run. The task that stops running is 
placed on the Ready Queue in the normal manner, i.e., after 
all tasks of equal priority. Time Slicing enables the Executive 
to share the processor equally between tasks of equal prior­
ity. 

2.2.5 Mailboxes and Mall Messages 

The main form of intertask communication is the sending 
and receiving of mail. Mailboxes exist independently of 
tasks; any task may send mail to any mailbox and any task 
may read mail from any mailbox. However, in a typical sys­
tem, each task has one mailbox from which it reads all its 
mail and to which other tasks send mail destined for that 
task. 

Mail is prioritized. When a task calls upon the Executive to 
perform a SendMail, it specifies the priority of the message, 
which is inserted in the specified mailbox queue sorted by 
priority. 

2.2.6 Timers 

The Executive includes a timing facility specifically designed 
to handle the time-outs typical of telecom protocols and oth­
er real-time applications. 

Timers are essentially a form of delayed mail. When a task 
sets a timer, the task provides a mailbox identifier, a mail 
message, and a time delay value. When the specified time 
delay is up, Le. when the timer "expires", the mail message 
is mailed to the specified mailbox. When a task sets a timer, 
it receives a timer ID, which can be used to cancel the timer, 
if necessary, before it expires. 

2.2.7 Memory Management 

The memory manager is responsible for allocating and deal­
locating fixed-size memory blocks from fixed-size pools, 
which are completely defined at compile time. A memory 
pool may reside in extended memory. 

2.2.8 System Module and Interface Module 

The Multi-Tasking Executive Software is available either as 
source code or as object code. The interface module, which 
must be modified to insert application tasks, is always sup­
plied as source code. 

2.3 I/O DEVICE DRIVERS 

I/O Device Drivers serve as interface routines between the 
HPC hardware machinery and the HPC Executive and Appli­
cation Tasks. "Input" operations (data heading toward Ap­
plication Tasks) are typically fielded by an Interrupt Service 
Routine (lSR). The ISR may SEND information to the appro­
priate task via the system mail facility, or it may signal the 
appropriate semaphore to schedule an I/O task. "Output" 
operations (data heading away from Application Tasks) are 
typically fielded by Service Request (SRQ) Tasks. SRQ 
Tasks communicate directly with the hardware control regis­
ters to initiate output operations. These tasks often work 
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closely with their accompanying ISR for output initiation and 
completion. Higher layer tasks send mail messages to he 
SRQ Tasks, using the system mail facility to queue mes­
sages pending output. 

The HPC ISDN Software includes three I/O Device Drivers: 
the Layer 1 Driver, the Layer 2 Driver and the Terminal Driv­
er. The functionality of these drivers is defined below. De­
tails of particular Device Driver ISR and SRQ Task interac­
tions are defined in the Software User's Manual. 

2.3.1 Layer 1 I/O Device Driver 

The Layer 1 I/O Device Driver provides implementation of 
the ISDN PHYSICAL Layer 1 for the HPC environment. This 
Device Driver controls the NSC MICROWIRE/PLUS Inter­
face to the NSC TP3420 "S" Interface Device (SID), and 
the HPC16400 onboard, Serial Decoder. Control of a 
COMBOTM Codec, a display, and a keypad has been imple­
mented later by either adding to this driver, or using it as a 
model for additional drivers. 

The primary responsibility of this driver is to initialize and 
control the SID. The higher layer ISDN tasks mail activation 
and deactivation messages to the Layer 1 Service Request 
Task. This task sends the appropriate command to the SID 
via the MICROWIRE/PLUS Interface. The SID interrupts the 
HPC whenever it changes state. The Layer 1 Interrupt Serv­
ice Routine fields responses when the SID changes state 
and mails the information to the Layer 2 Controller Task and 
to the Management Entity Task. 

The Serial Decoder is initialized to MODE 4, with the ISDN 0 
Channel terminated by DMAlHDLC Channel # 1, and Bear­
er Channel B2 terminated by DMAlHDLC Channel # 2. The 
SID can swap B1 and B2 internally to allow voice or data on 
either channel. 

The Layer 1 I/O Device Driver can communicate with any 
other Task via the System Mail Utilities. 

2.3.2 Layer 2 1/0 Device Driver 

The Layer 2 I/O Device Driver interfaces the two HPC16400 
onboard DMAlHDLC channels; one to the 16 kbit per sec­
ond "0" signaling channel, and one to the 64 kbit per sec­
ond bearer (B2) channel. The Layer 2 Service Request Task 
receives Physical Layer (PH) Primitives from the Layer 2 
Controller Task via the system mail utility. The Layer 2 Inter­
rupt Service Routine handles block messages received from 
the DMA Controller and mails them as Physical Layer (PH) 
Data Primitives to the Layer 2 Controller Task. This generic 
mail message interface allows an Application User to easily 
introduce external DMA and HDLC Controllers, and accom­
panying device drivers, that either replace or complement 
the existing onboard controllers. 

HDLC/DMA Channel # 1 is attached to the ISDN signaling 
D channel, and will be referred to as the LAPD Channel. 
HDLC/DMA Channel # 2 is attached to bearer channel B2, 
and will be referred to as the LAPB Channel. The two chan­
nels operate independently of each other as much as possi­
ble. Since they share the same interrupt hardware, the Lay­
er 2 Interrupt Service Routine must poll the Message Pend­
ing Register and the Error Status Register to determine the 
source of each interrupt. Both HDLC/DMA channels use 
the HPC field separation feature for transmission and recep­
tion of data. This feature relieves some memory concerns, 
since it allows small memory buffers to be used for mes-
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sages that only have headers. In the transmit direction this 
feature allows large contiguous buffers to be broken up into 
smaller send buffers without having to copy them following 
a header. Issues specific to the HDLC/DMA Channels are 
defined below. 

HDLC/DMA Channel # 2, the LAPB Channel, requires 
frame sizes to be nominally 130 bytes, 2 bytes of header 
and 128 bytes of information. Provision can be made for 
messages with up to 1026 bytes, 2 bytes header and 1024 
bytes of information. 

The presentation of data between the Layer 2 Driver and 
Layer 2 Controller is identical regardless of which channel 
the frames are associated with. 

2.3.3 Terminal Device Driver and Tracer 

The Terminal Device Driver interfaces to the HPC onboard 
UART. The associated SRO Driver Task, referred to as Tra­
cer, serves primarily as a high-level demonstration vehicle. 
Tracer can field mail messages from any other task in the 
system, as well as keystroke mail messages from its accom­
panying ISR. Tracer's responsibilities include the following 
functions: 

• Management of the Telephone Simulation User Inter­
face, 

• Display Management of the System Trace Mail Mes-
sages, 

• Proper Display of Task-Related Information 

The Telephone Simulation function of Tracer allows the 
user to enter "telephony-like" keystroke characters, that are 
passed to Tracer, then on to the ISDN layer tasks for pro­
cessing. Menu responses are fielded by Tracer to select 
various levels of the Trace function, as well as to enter and 
exit the Telephone Simulation mode. 

Depending on the level of trace that is selected, Tracer re­
ceives mail messages from the system tasks and properly 
formats them on the CRT display. Tracer offers various lev­
els of trace capability. Trace can be turned off all together, 
in which case only the application layer Telephone Simula­
tion inputs will be displayed. Trace can display all messages 
from every layer, or it can be set to "zoom" to display only 
the messages at a particular layer. Messages will generally 
have address fields and data fields. 

The Terminal Driver's Interrupt Service Routine (ISR) han­
dles keyboard characters from the UART and mails them to 
the Tracer SRO Task for further processing. The ISR also 
handles transmission completion of a character that has 
been sent to the CRT. 

The data structures and hardware interface reqUirements 
for the Terminal Device Driver, and capabilities of Tracer, 
are defined in the Software User's Manual. 

2.4 ISDN LAYER PROTOCOL TASKS 

The ISDN Layer Protocol Tasks provide implementation of 
the DATA LINK Layer 2 and the NETWORK Layer 3 in ac­
cordance with the protocol definitions of the CCITT Specifi­
cations. The two Layer Protocol Tasks (the Layer 2 Control­
ler Task and the Layer 3 Controller Task) are designed to 
satisy the ISDN Basic Rate Interface (BRI) Terminal Equip­
ment requirements. They are independent of user applica­
tions and hardware environment. The PHYSICAL Layer 1 
implementation is defined in the 110 Device Driver section 
of this document. Implementation of layers above the NET­
WORK Layer 3 are specific to user applications. Two such 
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layer tasks are provided, the Demonstration Call Control 
Task and the Management Entity Task. These tasks are 
defined in the Application Task section of this document. 

The purpose of the Layer 2 Controller Task is to provide the 
NETWORK Layer 3 with an error free, sequenced data 
frame service. The Layer 2 Controller Task uses CCITT 
Specifications 0.921 and X.25 and the primary functional 
specifications. The Layer 2 Controller Task satisifies the 
Link Access Procedures for both the 0 Channel and the B 
Channel (LAPD and LAPB) .. Design considerations have 
also been included for the future implementation of V.120, 
the new CCITT rate adaption scheme. 

The Layer 2 Controller Task's data frame delivery service 
allows the Layer 3 Controller Task to confidently setup and 
teardown user voice and data calls on the available facili­
ties. The Layer 3 Controller Task uses CCITT Specification 
0.931 as the primary functional specification. Note that the 
X.25 Layer 3 packet processor task is not included in the 
initial software package. 

The Layer Protocol Tasks require a somewhat non-conven­
tional task architecture in order to simultaneously manage a 
significant number of multiple logical connections. This 
event-driven state-machine architecture requires that a 
state memory block be created and· maintained for each 
logical connection. When a Layer Protocol Task "wakes up" 
due to the arrival of mail, the message's address is interro­
gated to determine which logical connection is to receive 
the mail. The particular logical connection's state block is 
retrieved and the mail message is processed per the CCITT 
Specification requirements, depending on the state of the 
particular logical connection. Typically, processing the mail 
message results in sending a Primitive message to another 
task, and updating the logical connection's state block. The 
Layer Protocol Task then returns to its mail box to pick up 
any subsequent mail. 

The interface between all of the ISDN Layer Tasks is delib­
erately achieved via the System Mail Utilities. This ensures 
a distinct; uniform layering mechanism in the event that ap­
plication programmers wish to replace layers with their own 
implementations. 

2.4.1 Layer 2 Controller Task 

The primary job of the ISDN Data Link Layer 2 is to deliver 
error-free, sequenced data frames to the Network Layer 3. 
The Layer 2 Controller Task implements the following Layer 
2 Link Access Procedures (LAP) for the HPC ISDN Software 
Package: 

• LAPB per the X.25 CCITT Specification. 

• LAPD per the 0.921 CCITT Specification. 

• V.120 Terminal Adaption capability. 

Since the 0.921 LAPD requirements were derived from the 
X.25 LAPB requirements, most of the same Layer 2 Control­
ler Task routines can be used to implement both LAPB and 
LAPD. Design considerations have been made to allow fu­
ture implementation of V.120. 

The Layer 2 Controller Task communicates with the Layer 2 
DMAlHDLC Controller Device Driver Task and the Manage­
ment Entity Task, via the System Mail Utilities. These tasks 
interrogate the mail message headers to determine whether 
to process the frames using LAPB or LAPD procedures. The 
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LPAD frames are mailed to the 0.931 Layer 3 Controller 
Task, while the LAPB frames are mailed to the X.25 Layer 3 
Task. 

The HPC'16400 HDLC hardware handles the Layer 2 HDLC 
Procedures, which includes bit stuffing, address recognition, 
and Frame Check Sequence generation and detection. The 
Layer 2 Controller Task is responsible for the Layer 2 "Data 
Link Procedure", which includes the following functions: 

• Data Transmission 

• Protocol Exception Management 

• LAPD-Specific Functions. 

To accomplish these functions the Layer 2 Controller sup­
ports the full set of Layer 2 Peer-to-Peer messages defined 
in the CCITT Specification 0.921. These messages are list­
ed below and defined further in the Software User's Manual. 

UI Unnumbered Information Frames 

UA Unnumbered Acknowledge 

SABM(E) Set Asynchronous Balanced Mode (Extended) 

DISC Disconnect Command 

DM Disconnect Mode 

Acknowledged Information Frames 

RR Receiver Ready 

RNR Receiver Not Ready 

REJ Request Recrimination of Frames 

FRMR Unrecoverable Error, Frame Reject 

The Layer 2 Controller Task also supports the primitives 
required to communicate with the other ISDN tasks. 

2.4.1.1 Layer 2 Data Transmission 

Layer 2 peer-to-peer Data Transmission is supported with 
two modes: Unacknowledged Data Mode and Multi-Frame 
Acknowledged Data Mode. The Unacknowledged Data 
Mode is used primarily for setting up logical connections 
and for peer-to-peer Management Entity communication. 
This mode uses the Unnumbered Information (UI) and the 
Unnumbered Acknowledge (UA) messages. The Multi­
Framed Acknowledged Mode is established by the Set 
Asynchronous Balanced Mode (SABM) command. This 
mode provides the mechanism for acknowledgement of 
data frame transport in each direction. The Multi-Frame Ac­
knowledged Mode is terminated with the Disconnect (DISC) 
command. The response to the DISC message can be ei­
ther an Unnumbered Acknowledge (UA) message or a Dis­
connect Mode (DM) message. The actual Layer 2 data 
frames are transmitted in the Information (I) messages, 
while in the Multi-Framed Acknowledged Mode. 

The Layer 2 Controller is responsible for avoiding message 
congestion and buffer overflow. A Layer 2 entity can issue 
the Receive Ready (RR) command to its peer to indicate 
that it is ready to continue data transmission. Likewise, the 
Layer 2 Controller can issue the Receiver Not Ready (RNR) 
command to its peer to indicate that it is not ready for data 
transmission. 

2.4.1.2 Layer 2 Protocol Exception Management 

The Layer 2 Controller Task is responsible for handling ex­
ceptions to the Data Link Protocol. These exceptions are of 

7-37 

two types: recoverable and unrecoverable. Recoverable ex­
ceptions in the receive direction are typically failed frames, 
which are handled by requesting the retransmission of the 
failed frame with the Reject (REJ) command. Recoverable 
exceptions in the transmit direction include the expiry of a 
Layer 2 Timer. Timer expiry requires the retransmission of 
the frame that was not acknowledged in time, and all subse­
quent frames. Timer expiry also prompts a message to the 
Management Entity. Unrecoverable exceptions result in the 
Frame Reject (FRMR) response. A message to the Man­
agement Entity Task is also sent in this case. 

2.4.1.3 Layer 2 LAPD-Speclflc Functions 

The following Layer 2 Controller Task functions are LAPD 
specific. These functions involve establishing and maintain­
ing multiple logical data link connections. Note that a LAPB 
connection will be maintained as a special independent logi­
cal connection. 

A two byte address is required for each logical data link. 
This address is referred to as the Data Link Connection 
Identifier (DLCI). The DLCI consists of a Service Access 
Point Identifier (SAPI) and a Terminal Endpoint Identifier 
(TEl). The Layer 2 Controller Task is responsible for sup­
porting the TEl Assignment Procedure and the TEl Verifica­
tion Procedure. These procedures are both initiated by the 
Management Entity. The Layer 2 Controller Task supports 
both the Automatic and Non-Automatic TEl Assignment 
Procedures. 

Establishment of the LAPD multi-frame acknowledged data 
transmission mode requires an extended command 
(SABME) to prompt the peer entity that the frames are in­
tended for a particular logical data connection identified by 
the accompanying DLC\. The Layer 2 Controller Task main­
tains each logical link's state and data frames independent­
ly, as explained earlier in this section. 

The Layer 3 Controller Task addresses and maintains inde~ 
pendent logical connections via an identifier called a Con­
nection Endpoint Suffix (CES). Since the CES is different 
from the Layer 2 Terminal Endpoint Identifier (TEl), a map­
ping function is required. The Layer 2 Controller Task main­
tains a CES-TEl translation procedure to properly address 
Layer 3 logical entities. 

2.4.2 Layer 3 Controller Task 

The Layer 3 Controller Task implements the application in­
dependent portion of the ISDN NETWORK Layer 3 protocol, 
per the 0.931 CCITT Specification. The primary responsibili­
ty of the Layer 3 Controller Task is to establish a network 
access connection link between a terminal and its peer in 
the Central Office. 

The Layer 3 Controller Task communicates with both the 
Layer 2 Controller Task and the Call Control Task by send­
ing primitives via the System Mail Utilities. The Layer 3 Con­
troller Task also communicates with the Management Entity 
Task. The HPC ISDN Layer 3 Controller Task is responsible 
for the following NETWORK functions: 

• Call Establishment and Clearing 

• Call Suspension and Resumption 

• Call Status and Notification 

• Protocol Exception Management. 
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The Layer 3 Controller Task supports all the Network Layer 
Peer-to-Peer messages defined in the cCln Specification 
0.931, i.e.: 

• Call Establishment and Clearing Messages: 

ALERT Alerting 

CALLPROC Call Proceeding 

CONN Connect 

CONNACK Connect Acknowledge 

INFO Information 

PROG Progress 

SETUP Setup 

SETUPACK Setup Acknowledge 

DISC Disconnect 

REL Release 

RELCOM Release Complete 

• Call Suspension and Resumption Messages 

RESUME Resume 

RESUME ACK Resume Acknowledge 

RESUME REJ Resume Reject 

SUSPEND Suspend 

SUSPEND ACK Suspend Acknowledge 

SUSPEND REJ Suspend Reject 

• Miscellaneous Messages 

NOTIFY Notify 

STATUS Status 

STATUS EN 

USER INFO 

Status Enquiry 

User Information 

2.4.2.1 Call Establishment And Clearing 

The Layer 3 Controller Task's primary responsibility is to 
establish and clear user network connections on available 
bearer channel facilties. The 0.931 cCln Specifications 
include Call Establishment and Clearing of both circuit­
switched and packet-switched calls. Initially, the HPC ISDN 
Software Package only supports circuit-switched call proce­
dures on Basic Rate Interface (BRI) Bearer Channels. The 
Layer 3 Controller Task is responsible for Call Reference 
assignment and maintenance. The Layer 3 Controller Task 
supports Call Establishment using both the Overlap and 
Non-Overlap (enbloc) addressing modes. 

The procedure for establishing and clearing network con­
nections is defined in cCln Specification 0.931. It is impor­
tant to note that the Layer 3 Controller Task maintains an 
associated state block for each network connection. Primi­
tivemail messages arriving at the Layer 3 Controller Task 
will be interrogated to determine which network connection 
is to receive the mail. The mail message is processed de­
pending on the state of the network connection. This pro­
cessing typically includes the transmission of a Primitive to 
another Layer Task, and the appropriate update of the net­
work connection state block. 

2.4.2.2 Call Suspension And Resumption 

Call Suspension (SUSPEND) requires that the Bearer Chan­
nel facility and the Call Reference for a call be temporarily 
relinquished. The network connection is left intact, but in the 
suspend state. The RESUME command reactivates the call 
by obtaining a Bearer Channel facility and establishing a 
new Call Reference. The Suspend function is somewhat 
analogous to the call HOLD feature. 
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2.4.2.3 Call Status And Notification 

The Network can request the status of a network connec­
tion at any time via the USER INFO, NOTIFY and STATUS 
Commands. The information includes Service Validation 
and Channel Configuration. 

2.4.2.4 Layer 3 Protocol Execptlon Management 

The Layer 3 Controller is responsible for handling excep­
tions to the Network Control Protocol. The primary Layer 3 
Controller Task protocol exception is the expiry of the Layer 
3 timer. Such an exception requires the retransmission of 
the particular command and may prompt a message to the 
Management Entity Task. 

2.4.2.5 Timer Support 

The Layer 3 Controller supports the following system timers 
per cCln SpeCification 0.931: 

T303 SETUP ACK Timer 

T305 DISCONNECT ACK Timer 

T308 RELEASE ACK Timer 

T313 CONNECT ACK Timer 

2.4.2.6 SDL Updates 

The Layer 3 Controller Task very closely follows the SOL 
procedures illiustrated in cCln Specification 0.931, with a 
few enhancements. These enhancements are listed here 
and fully defined in the Software User's Manual. 

a. Three new SOL States have been added to accommo­
date establishing the Data Link corresponding to a partic­
ular CES. The new states are: 

• IDLESTATE 

• RELEASEWAIT 

• ESTABLISHWAIT 
b. The 0.931 NULLSTATE SOL now accepts a new com­

mand, CCBROADCASTRESP. This command is sent 
from the Call Control Task to allow transistion from the 
NULLSTATE(O) to the CALLPRESENT State(6) during a 
Network Originated call via the Broadcast mechanism. 

2.5 APPLICATION TASKS 

The Application Tasks are very dependent on both the ter­
minal equipment configuration and the far-end Network En­
tity software implementation. The HPC ISDN Software 
Package includes two sample Application Tasks: the Dem­
onstration Call Control Task and the Management Entity 
Task. Both of these tasks can be replaced or updated when 
ported to a particular application. These tasks are included 
in the HPC ISDN Software Package primarily to verify the 
operation of the OSI Layer Protocol Tasks and the HPC 
Device Drivers. 

2.5.1 Demonstration Call Control Task 

The Demonstration Call Control Task is closely coupled to 
the specific facilities of an application. The interaction be­
tween the Layer 3 Controller Task and Call Control is de­
fined in cCln Specification 0.931. In the HPC ISDN Appli­
cation, the Call Control Task communicates with the Layer 3 
Controller Task and the Tracer Task. The availability of two 
circuit switched voice bearer channels is simulated in the 
Call Control Task. The Call Control Task sends standard 
Terminal Equipment prompts and messages to the Tracer 
Task where they are displayed on a UART driven CRT. The 
Call Control Task has the following responsibilities: 

• B Channel Resource Management 
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• Connection Endpoint Suffix (CES) Allocation 

• Conversion between L3 Primitives and Terminal Action. 

The Call Control Task and the Layer 3 Controller Task com­
municate via the NLDATA-REQ and NLDATA-IND 
Primitives. The messages that are supported between these 
tasks are listed below. 

• Commands from Call Control to Layer 3 
CC_SETUP _REQ Setup Request 

CC_SETUP _RESP Setup Response 

CC_SETUP _REJ_REQ Setup Reject 

CC_INFO_REQ Information 

CC_DISCONNECT _REQ Disconnect 

CC_RELEASLREQ Release 

CCJLERTING_REQ Alerting 

CC_BROADCAST_RESP Broadcast Response 

CC_CALLPROC_REQ Call Proceeding 

CC_PROGRESS_REQ Progress 

CC_NOTIFY _REQ Notify 

CC_RESUMLRQ Resume 

CC_RESUMLREJ Resume Reject 

CC_SUSPEND_REQ Suspend Request 

CC_SUSPEND_REJ Suspend Reject 

• Command from Layer 3 to Call Control 
CC_SETUP _IND Setup 

CC_SETUP _CONF Setup Confirm 

CC_SETUP _COMP _IND Setup Complete 

CCI_NFO_IND Information Indication 

CCJLERTING_IND Alerting 

CC_PROGRESS_IND Progress 

CC_DISCONNECT_IND Disconnect 

CC_RELEASLIND Release 

CC_CALLPROC_IND Call Proceeding 

CC_RELEASLCONF Release Confirm 

Status Indication 

CC_ERORR_IND Error Indication 

CC_RESUMLCONF Resume Confirm 

The Call Control Task also communicates with the Tracer 
Task using single byte keystroke like commands. These 
commands are packaged mail messages containing two 
bytes: the first byte is the Sender Task's ID, the second byte 
is the keystroke command. The following messages are 
sent between Call Control and Tracer: 

• Keystroke Commands from Tracer to Call Control Task 
TR_ON_HOOK ON Hook 

TR_OFF _HOOK OFF Hook 

TR-DIGIT_1 Digit 1 

TR_DIGITJ Digit 2 

TR_DIGIT_3 Digit 3 

TR_DIGIT_4 Digit 4 
TR-DIGIT_5 Digit 5 

TR_DIGIT_6 Digit 6 

TR_DIGIT_7 Digit 7 

TR_DIGIT_8 Digit 8 

TR_DIGIT_9 Digit 9 
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TR_DIGIT_O 

TR_DIGIT _STAR 

TR_DIGIT _POUND 

Digit 0 

Digit * 
Digit # 

• Commands from Call Control Task to Tracer 
TR_IDLE Idle, ON HOOK 

TR_DIALTONE Dial Tone 

TR_DIALING 

TR_RINGING 

TR_BUSY 

TR_CONVERSATION 

TR_RINGBACK 

TR_ERROR 

Dialing 

Ringing 

Busy 

Conversation 

Ringback 

Error 

2.5.2 Management Entity Task 

The Management Entity Task is closely coupled to the ac­
companying Network Management Entity design and to the 
terminal hardware configuration. Implementation design de­
cisions have been made that make the Management Entity 
Task unique to a particular application, while still following 
the general requirements of the CCITT SpeCifications. Modi­
fications will be required in the Management Entity Task 
prior to its successful operation in a particular application 
environment. The Management Entity Task that is included 
in the HPC ISDN Software Package presumes a particular 
hardware configuration and Central Office Software imple­
mentation. 

The Management Entity Task communicates with the Layer 
3 Controller Task, the Layer 2 Controller Task, and the Lay­
er 1 Device Driver Task via the System Mail Utilities. 

The Management Entity Task has the following responsibili­
ties: 

• Initialization of the Terminal Equipment 

• Configuration of the Terminal Equipment 

• TEl Assignment and Verification 

• Multiple Error Notification 

• Unrecoverable Error Notification 

• Activation/Deactivation of the Terminal Equipment. 

2.6 SYSTEM UTILITIES 

The system utilities initializes the HPC system upon power­
up, and provide support for various machine specific fea­
tures of the HPC. 

2.6.1 Power-Up Rosot Main Task 

This task is the entry point upon system power-up. The Main 
Task is responsible for: 

-Initializing the general HPC Hardware. 

-Initializing the HPC Executive Data Structures. 

- Queuing up the Tasks on the Ready Queue. 

The Main Task starts with the highest priority, 255. After 
running, the Main Task has served its purpose and is re­
moved from the system by waiting on a semaphore which is 
typically never signaled. 

2.6.2 Nonmaskable Interrupt (NMI) Handler 
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Since terminal power is generally a concern, the HPC can E 
go into an idle, low-power mode when the Terminal Equip-
ment is idle. In this mode the HPC is awakened via an NMI, 
prompted by a local off hook indication, or by a far-end line 
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signal detection signal from the SID. Conditions for deter­
mining when to go in and out of idle mode are application 
dependent. 

2.6.3 Timer Interrupt Handler 

The Timer Interrupt Handler fields interrupts from two of the 
HPC onboard timers. Timer TO, the Watchdog Timer, over­
flows every 65536 clock counts. When this occurs the Timer 
Interrupt Handler mails a message to start the Watchdog 
Task. Timer T1, the ISDN Software Timer, overflows every 
10 ms. The ISDN Software Clock is incremented every tenth 
Timer T1 overflow, resulting in an ISDN Clock with 100 ms 
resolution, which is used by the Executive Timer facility. 

2.6.4 Watchdog Task 

A special task is performed by the HPC's watchdog feature 
to verify system sanity. The Watchdog Task waits for a mail 
message that is sent by the Timer Interrupt Handler when 
Timer TO overflows. This operation requires that the Watch­
dog Task be regularly scheduled by the HPC Executive. The 
Watchdog Task is assigned the highest task priority, 255. 

3.0 Ordering Information 
3.1 LICENSE AGREEMENT 

A license agreement is required for the use and sale of the 
National Semiconductor ISDN Software. Contact your local 
National Semiconductor field sales office for more informa­
tion or contact the factory direct at: 

National Semiconductor 
ISDN Software Support 
MIS 16-174 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

(408) 721-5719 

3.2 SOFTWARE ORDER INFORMATION 

ISDN software is available in either Object or Source Code 
format. A Demonstration package is also available. Manuals 
are included with the Demonstration package and with the 
Executive and Basic Rate Interface Software packages. 

Basic Rate Interface (BRI) software is available for several 
different central office switches. The generic BRI includes a 
generalized cCln Switch Interface. 

Each BRI Package contains the following modules: 

Layer 1 Driver (controls S device) 

Layer 2 Driver (controls DMAlHDLC) 

Layer 2 Controller (0.921) 

Layer 3 Controller (0.931 Protocol Control) 

Management Entity (0.921 and 0.931) 

Call Control (Demonstration Application) 

Tracer (Demonstration and Development Tool) 

The Multi-Tasking Executive contains two modules: 

Executive Core Module 

Executive Interface Module 
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The Executive Interface Module is always supplied as 
source code to allow modification to insert application tasks. 

A Multi-Tasking Executive is required to run the Basic Rate 
Interface. 

Order Part Number Description 

MUlti-Tasking Executive 

HPC-ISDN-EXEC-O Multi-Tasking Executive Object Code 

Basic Rate Interface 

HPC-ISDN-BRI-S Basic Rate Interface (Generic) Source 
Code 

HPC-ISDN-BRID-S Basic Rate Interface (DMS-100) 
Source Code 

HPC-ISDN-BRI5-S Basic Rate Interface (5ESS) Source 
Code 

Demonstration Package 

HPC-ISDN-PCDEMO ISDN Basic Rate Interface Demon­
stration (includes Multi-Tasking Exec­
utive and Basic Rate Interface Soft­
ware Manuals) 

4.0 Other Related Information 
4.1 DEVICE INFORMATION 

Additional technical information on devices referenced in 
this datasheet is available from National: 

HPC16400 High Performance microControlier 

HPC16083 High Performance microControlier 

TP3076 COMBO IITM 
TP3420 cCln SIT Interface 

4.2 DEVELOPMENT SUPPORT INFORMATION 

Development tools are available for the HPC Family of Mi­
crocontrollers. These tools support the ISDN development 
environment. ISDN software must be ordered separately. 

4.2.1 ISDN Demonstration Kit 

A kit is available that demonstrates the software and hard­
ware discussed in this datasheet. Included in this kit is a 
TP3500 development board featuring the HPC16400, 
TP3070 COMBO II, TP3420 "SID" and ISDN Basic Rate 
Interface software in ROM. A complete set of manuals are 
included. This demonstration kit may be ordered from Na­
tional, part number. 

ISDN-TP3500-Kit 

4.2.2 Development Systems 

Several different Microcontroller-On-Line-Emulator Devel­
opment Systems are available for hardware and software 
development of the HPC Family of Microcontrollers. Com­
plete information on Development Systems and Accesso­
ries may be found in the Microcontroller Development Sup­
port Datasheet. 



Section 8 
Appendicesl 
Physical Dimensions 



Section 8 Contents 
Industry Package Cross Reference. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3 
Surface Mount . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5 
PLCC Packaging ................................................................... 8-25 
TapePak Packaging ................................................................ 8-29 
Physical Dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-30 
Bookshelf 
Distributors 

8-2 



Industry Package Cross-Reference Guide 

NSC Signetics Intel Motorola 

0 8-,14-,16-, 
20- and 28-Lead D I C L 

mww Glass/Metal DIP 

0 8-,14-16-,20-, 
24- and 28-Lead 

J F D U 
Low Temperature 

\lWVW\r Ceramic DIP 

0 
lGJUUUJJ 

SO 
(Narrow Body) M D D 

RRRRRRRRRA (Wide Body) WM 

) 

• 
~ ~ I:H:f ~ I:H:I ~ 1:11:1 -

0 8-,14-16-,20- V, 

m 24- and 28-Lead N A, P P 
Plastic DIP B 

8-3 

TI RCA 

D 

J 

D M 

DW 

P, 
N 

E 

~ 
Hitachi NEC 

C D 

G D 

MP G 

P C 

5' 
Co 
c 
en 

~ 
." 
t» 
(") ... 
t» 
ca 
CD 
o .. 
o 
en 
en 
:b 
CD -CD 
ca 
:::J 
(") 
CD 
Q 
c c: 
CD 



CI) 
"C 
'5 
~ 
CI) 
CJ 
C 
CI) ... 
CI) -CI) 

a:: . 
rn 
rn 
o ... 
o 
CI) 
en 
C'O .:.:: 
CJ 
C'O c.. 
~ -rn 
::::J 
"C 
.5 

PCC 

NSC Signetics Intel Motorola TI RCA Hitachi NEC 

v A N FN FN Q CP L 

8·4 



~National 
~ Semiconductor 

Surface Mount 

Cost pressures today are forcing many electronics manu­
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be­
cause: 

1. The mounting of devices on the PC board surface elimi­
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re­
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

SURFACE MOUNT PACKAGING AT NATIONAL 
To help our customers take advantage of this new technolo­
gy, National has developed a line of surface mount pack­
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 
Lead center spacing keeps shrinking with each new genera­
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOle, pee, 
LCC, LOCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de­
velopment (e.g., TAPEPAK®) will have a lead center spac­
ing of only 12-20 mils. 

TABLE I. Surface Mount Packages from National 

Package Small Outline Small Outline Plastic Chip Plastic Quad TAPEPAK® Leadless Chip Leaded Chip 
Type Transistor IC(SOIC) Carrier (PCC) Flat Pack (TP) Carrier (LCC) Carrier 

(SOT) 

~ 
(PQFP) (LDCC) 

0 __ 0 

0 
0"'0 

3U~ ~ ~ 
10 I 

mIIIIlia 
° 

~ , , 
IIBBBHBBBII ~4JJ ~ 1lIIIIIlUlilllUill l 

Package 
Plastic Plastic Plastic Plastic Plastic Ceramic Ceramic 

Material 

Lead Bend Gull Wing Gull Wing J-Bend Gull Wing Gull Wing - Gull Wing 

Lead Center 
50 Mils 50 Mils 50 Mils 25 Mils 20,15,12 Mils 50 Mils 50 Mils 

Spacing 

Tape & Reel 
Yes Yes Yes tbd tbd No No 

Option 

PQFP-84 TP-40 (*) LCC-18 
Lead Counts SOT-23 SO-8(*) PCC-20(*) PQFP-100 TP-68 LCC-20(*) LDCC-44 

High Profile SO-14(*) PCC-28(*) PQFP-132 TP-84 
SOT-23 TP-132 LCC-28 LOCC-68 

Low Profile SO-14 Wide(*) PCC-44(*) PQFP-196(*) TP-172 
SO-16(*) PCC-68 PQFP-244 TP-220 LCC-32 LOCC-84 
SO-16 Wide(*) PCC-84 TP-284 LCC-44 (*) 
SO-20(*) PCC-124 TP-360 LCC-48 LOCC-124 
SO-24(*) LCC-52 

LCC-68 
LCC-84 
LCC-124 

·In production (or planned) for linear products. 
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LINEAR PRODUCTS IN SURFACE MOUNT 
Linear functions available in surface mount include: 

• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 
A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro­
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi­
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information-printed later in this sec­
tion-for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com­
pared with less than a 100 devices per rail), pick-and-place 
machines have to be re-Ioaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship­
ment and machine set-up. 

BOARD CONVERSION 
Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there Is one caveat-be careful about the 
thermal dissipation capability of the surface mount package. 

Because the surface mount package is smaller than the tra­
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist­
anCe-see Table II). 

The silicon for most National devices can operate up to a 
150'C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually. withstand an ambient temperature of up to 
125'C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70·C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85·C). See 
AN-336, "Understanding Integrated Circuit Package Power 
Capabilities", (reprinted in the appendix of each linear data­
book volume) for more information. 
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TABLE II: Surface Mount Package 
Thermal Resistance Range· 

Package 
Thermal Resistance" 

(OIA. ·C/W) 

SO-8 120-175 
SO-14 100-140 
80-14 Wide 70-110 
80-16 90-130 
SO-16 Wide 70-100 
80-20 60-90 
SO-24 55-85 

PCC-20 70-100 
PCC-28 60-90 
PCC-44 40-60 

'Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual IIjA value. 

"Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 x 20 x 10 mils). 

Given a max junction temperature of 150·C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa­
ble ambient temperature than the DIP circuit. For DIP cir­
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem­
perature required of the DIP current is close to the maxi­
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 
National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali­
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 "Surface Mounting Methods 
and their Effect on Product Reliability" Is referenced on 
each SMD datasheet. In addition, "Wave Soldering of Sur­
face Mount Components" is reprinted in this section for your 
information. 



TABLE III. Linear Surface Mount Current Device Listing 

Amplifiers and Comparators Data Acquisition Circuits 
Part Number Part Number Part Number Part Number 

LF347WM LM392M ADC0802LCV ADC1025BCV 
LF351M LM393M ADC0802LCWM ADC1025CCV 
LF451CM LM741CM ADC0804LCV DAC0800LCM 
LF353M LM1458M ADC0804LCWM DAC0801LCM 

LF355M LM2901M ADC0808CCV DAC0802LCM 

LF356M LM2902M ADC0809CCV DAC0806LCM 

LF357M LM2903M ADC0811BCV DAC0807LCM 

LF444CWM LM2904M ADC0811CCV DAC0808LCM 

LM10CWM LM2924M ADC0819BCV DAC0830LCWM 

LM10CLWM LM3403M ADC0819CCV DAC0830LCV 

LM308M LM4250M ADC0820BCV DAC0832LCWM 

LM308AM LM324M ADC0820CCV DAC0832LCV 

LM310M LM339M ADC0838BCV 

LM311M LM365WM ADC0838CCV 

LM318M LM607CM ADC0841BCV 

LM319M LMC669BCWM ADC0841CCV 

LM324M LMC669CCWM ADC0848BCV 
ADC0848CCV 

LM339M LF441CM ADC1005BCV 
LM346M ADC1005CCV 
LM348M 
LM358M 
LM359M 

Industrial Functions 
Part Number Part Number 

Regulators and References AH5012CM LM13600M 

Part Number Part Number LF13331M LM13700M 

LF13509M LMC555CM 
LM317LM LM2931 M-5.0 LF13333M LM567CM 
LF3334M LM3524M LM555CM MF4CWM-50 

LM336M-2.5 LM78L05ACM 

LF336BM-2.5 LM78L12ACM 

LM336M-5.0 LM78L15ACM 

LM556CM MF4CWM-100 
LM567CM MF6CWM-50 
LM1496M MF10CCWM 

LM336BM-5.0 LM79L05ACM LM2917M MF6CWM-100 
LM337LM LM79L12ACM 

LM385M LM79L15ACM 

LM385M-1.2 LP2951ACM 
LP2951CM 

LM3046M MF5CWM 

LM3086M 
LM3146M 

LM385BM-1.2 
LM385M-2.5 Commercial and Automotive 
LM385BM-2.5 
LM723CM Part Number Part Number 

LM2931CM LM386M-1 LM1837M 
LM592M LM1851M 
LM831M LM1863M 

LM832M LM1865M 
LM833M LM1870M 

LM837M LM1894M 

LM838M LM1964V 
LM1131CM LM2893M 

LM3361AM 
LM1881M 
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Part Number Part Number 

LHOO02E LH0032E 
LH4002E LH0033E 

A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP-the laws of physics would have meant that a straight 
"junior copy" of the DIP would have resulted in an "S.D." 
package of lower reliability. You benefit from this equiva­
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual­
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub­
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think "Surface Mount"-think "National"! 

Ordering and Shipping Information 
When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 

Short-Form Procurement Specification 
TAPE FORMAT 

Trailer (Hub End)· 

Empty Cavities, Empty Cavities, 
min (Unsealed min (Sealed 
Cover Tape) Cover Tape) 

Small Outline IC 

SO-8 (Narrow) 2 2 

SO-14 (Narrow) 2 2 

SO-14 (Wide) 2 2 

SO-16 (Narrow) 2 2 

SO-16 (Wide) 2 2 

SO-20 (Wide) 2 2 

SO-24 (Wide) 2 2 

Plastic Chip Carrier IC 

PCC-20 2 2 

PCC-28 2 2 

PCC-44 2 2 

Package 
Package 

Max/Rail Per Reel· 
Designator 

SO-8 M 100 2500 
SO-14 M 50 2500 
SO-14 Wide WM 50 1000 
SO-16 M 50 2500 
SO-16 Wide WM 50 1000 
SO-20 M 40 1000 
SO-24 M 30 1000 

PCL-20 V 50 1000 
PCL-28 V 40 1000 
PCL-44 V 25 500 

PQFP-196 VF TBD -
TP-40 TP 100 TBD 

LCC-20 E 50 -
LCC-44 E 25 -

"Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape­
and-Reel. 

• Case 1: All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de­
vices have date code B 

• You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 LM324M ICs with date code A 

Pack # 2 has 500 LM324M ICs with date code A 

Pack #3 has 2,000 LM324M ICs with date code B 

Carrier· Leader (Start End)* 

Filled Cavities Empty Cavities, Empty Cavities, 
(Sealed min (Sealed min (Unsealed 

Cover Tape) Cover Tape) Cover Tape) 

2500 5 5 

2500 5 5 

1000 5 5 

2500 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

750 5 5 

500 5 5 

"The following diagram Identifies these sections of the tape and Pin # 1 device orientation. 

8-8 



Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 

DIRECTION 
OF FEED 

~ TRAILER .1_ CARRIERSECTlON--------..... ~14 .. -------~·1 I~ - -- SECTION 

000000000000000000000000000 

HUB 
END 

'-----,Jr-----"'~ '---,-----' '-------------.------/--\------' ..... --"....----"'1 ........ --.,---' 

• EMPTY • EMPTY • EMPTY • EMPTY 
CAVITIES CAVITIES CAVITIES CAVITIES 

• UNSEALED • SEALED 
COVER TAPE COVER TAPE 

MATERIALS 

• Cavity Tape: Conductive PVC (less than 105 Ohms/Sq) 

• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

-H--T 

4-.. 

SO-IC 

DEVICE ORIENTATION 

PIN 
1 

8-9 

• SEALED • UNSEALED 
COVER TAPE COVER TAPE 

• Reel: 

r;- -------;1 
o 0 0 0 I 

I , 
I 
I 
I 
I 
I 

I I 
I I L.: _________ ~ 

PCC-IC 
DEVICES 

(1) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 

_ PO 10 PITCH CUMULATIVE 
TAPE TOLERANCE:!: O. 2 mm 

E 

~ 
f 1 

PCC-IC 

TLlXX/0026-8 

TL/XX/0026-9 
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Short-Form Procurement Specification (Continued) 

I w I P I F I E I P2 I Po I 0 I T I Ao I 80 I Ko I 01 

Small Outline IC 

SO-B 
12±.30 B.0±.10 5.5±.05 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.4±.10 5.2±.10 2.1 ±.10 1.55±.05 

(Narrow) 

SO-14 
16±.30 B.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 9.0±.10 2.1±.10 1.55±.05 

(Narrow) 

SO-14 
16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55± .05 .30±.10 10.9±.10 9.5±.10 3.0±.10 1.55±.05 

(Wide) 

SO-16 
16±.30 8.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 10.3±.10 2.1 ±.10 1.55±.05 

(Narrow) 

SO-16 
16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 10.76±.10 3.0±.10 1.55±.05 

(Wide) 

SO-20 
24±.30 12.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 13.3±.10 3.0±.10 2.05±.05 

(Wide) 

SO-24 
24±.30 12.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 15.B5± .10 3.0±.10 2.05±.05 

(Wide) 

Plastic Chip Carrier IC 

PCC-20 16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 9.3±.10 9.3±.10 4.9±.10 1.55±.05 

PCC-28 24±.30 16.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 13.0±.10 13.0±.10 4.9±.10 2.05±.05 

Note 1: P.o. 80 and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 

Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 105 Ohms/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: 01 Dimension Is centered within cavity. 

Note 6: All dimensions are In millimeters. 

REEL DIMENSIONS 

TMAX 

- I--B H LABEL<D 

I-
/(0.,)\ DI~ A I I c::C: : \ , , I ,'j , .... _/~ -

~ ~F1JLLRADIUS 
M 

TL/XX/0026-10 

ST ARTM· Surface Mount Tape and Reel 
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30 

40 

40 

40 

40 

50 

50 

40 

50 
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Short-Form Procurement Specifications (Continued) 

A (Max) B (Min) C D (Min) N (Min) G T(Max) 

12 mm Tape SO-8 (Narrow) (13.00) .059 .512±.002 .795 1.969 0488+.078 
.724 - - _'_-.000 -

(330) 1.5 13±0.05 20.2 50 12.4~g 18.4 

16mmTape SO-14 (Narrow) 
SO-14 (Wide) 

(13.00) .059 .512±.002 .795 1.969 0646+.078 
.882 

SO-16 (Narrow) - - --- _'_-.000 -
SO-16 (Wide) 

(330) 1.5 13±0.05 20.2 50 16.4~g 22.4 

PCC-20 

24 mmTape SO-20 (Wide) 
(13.00) .059 .512±.002 .795 1.969 0960+.078 1.197 

SO-24 (Wide) - - --- _'_-.000 ---
PCC-28 

(330) 1.5 13±0.05 20.2 50 24.4~g 30.4 

32mmTape PCC-44 (13.00) .059 .512±.O02 .795 1.969 1276+.078 1.512 
- - --- _'_-.000 38.4 

(330) 1.5 13±O.O5 20.2 50 32.4~g 

Units: Inches 
Millimeters 

Material: Paperboard (Non-Flaking) 

LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6C.P.I.) 

FIELD 
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Wave Soldering of Surface 
Mount Components 
ABSTRACT 

In facing the upcoming surge of "surface mount technolo­
gy", many manufacturers of printed circuit boards have tak­
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad­
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject­
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex­
ists for retaining the use of the old wave-soldering machine. 
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Wave Soldering of Surface Mount Components (Continued) 

The reasons being: C) Vapor/IR reflow only. 

1) Most PC Board Assembly houses already possess wave 1. Components on the same side of PW Board. 
soldering equipment. Switching to another technology Trim and form standard DIPs in "gull wing" config-
such as vapor phase soldering requires substantial in- uration 
vestment in equipment and people. Solder paste screened on PW Board 

2) Due to the limited number of devices that are surfQce Pick and place SMDs and DIPs 
mount components, it is necessary to mix both lead in-
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 
There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/IR reflow solder. 

1. Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 

Dispense solder paste on SMD pads 

Pick and place SMDs onto PW Board 

Bake 

Vapor phase/IR reflow 

Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 

Wave Solder (conventional) 

Clean and lead trim 

Invert PW Board 

Dispense solder paste on SMD pads 

Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 

Bake/Cure 

Invert board to rest on raised fixture 

Vapor/IR reflow soldering 

Clean 

B) Vapor/IR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 

Solder paste screened on SMD side of Printed 
Wire Board 

Pick and place SMDs 

Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 

Wave solder 

Clean and trim underside of PCB 
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Bake 

Vapor/IR reflow 

Clean 

2. Components on opposite sides of PW Board. 

Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 
component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 

Vapor/IR reflow 

Clean and lead trim 

D) Wave Soldering Only 

1. Components on opposite sides of PW Board. 

Adhesive dispense on SMD side of PW Board 

Pick and place SMDs 

Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/lR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re­
garding heat treatment to a semiconductor device. Howev­
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo­
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper­
ation) or be partially immersed while in a 'pallet' where auto­
matic wave or DIP soldering processes are used. It is, there­
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 



Wave Soldering of Surface Mount Components (Continued) 

THERMAL CHARACTERISTICS OF 
MOLDED INTEGRATED CIRCUITS 

Since Plastic DIPs and SMDs are encapsulated with a ther­
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy­
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper­
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem­
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char­
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan­
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi­
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran­
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE·SOLDERING 

Most wave-soldering operations occur at temperatures be­
tween 240-2S0°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 

Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera­
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem­
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 
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EFFECT ON PACKAGE PERFORMANCE BY 
EPOXY·METAL SEPARATION 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil­
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera­
ture. If separation occurs, the flux residues and acid resi­
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASE/IR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat­
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-SO sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur­
thermore, in the vapor phase system, the soldering environ­
ment is "oxygen-free" and considered "contaminant free". 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta­
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with­
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 

A-42a=4.6 

~~~;::::::;::::;::~:::;::~::::=: T (OC) 
100 110 120 130 140 150 160 1170 180 

Tg TL/XX/0026-12 

FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 

85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 

Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac­
tured and the workmanship or reliability standards. General­
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per­
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 215°C) 
= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 
= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 

Package: SO-14 lead 
Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 

In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder­
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack­
ages which were surface-mounted onto a FR-4 printed wire 
board. 

TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 

(# Failures/Total Tested) 

Unmounted Mounted 

ControlNapor Phase 
0/114 0/84 

15sec@215°C 

Solder Dip 
2/144 (1.4%) 0/85 

2 sec@2600C 

Solder Dip - 0/83 
4 sec @260°C 

Solder Dip 
13/248 (5.2%) 1176 (1.3%) 

6 sec @260°C 

Solder Dip 
14/127 (11.0%) 3179 (3.8%) 

10 sec @ 260°C 

Package: SO-14 lead 
Device: LM324M 
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Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack­
ages were mounted, the effect of severe temperature excur­
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex­
cess of 6 seconds immersion in hot solder. The safety mar­
gin is therefore recommended as maximum 4 seconds im­
mersion. If packages were Immersed longer than 4 sec­
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var­
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 

TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability In Various Solder Environments 

(# Failure/Total Tested) 

Package 
Vapor Wave Wave Wave Wave 
Phase Solder Solder Solder Solder 

SO-8 
30 sec 2 sec 4 sec 6sec 10sec 

Manuf A 8/30· 1/30· 0.30 12/30· 16/30· 
ManufB 2/30· 8/30· 2/30· 22/30· 20/30· 
ManufC 0/30 0/29 0/29 0/30 0/30 

ManufD 1/30· 0/30 12/30· 14/30· 2130· 
ManufE 1/30·· 0/30 0/30 0/30 0/30 
Manuf F 0/30 0/30 0/30 0/30 0/30 
ManufG 0/30 0/30 0/30 0/30 0/30 

·Corrosion-failures 

··No Visual Defects-Non-corrosion failures 

Test: Accelerated Bias Moisture Test; 85% R.H.l85'C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface­
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be­
ing totally immersed in a hot solder wave during printed cir­
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer­
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem­
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi­
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec­
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers' performance. Results indicate there is room 
for improvement since not all survived the hot solder immer­
sion without compromise to lower reliability. 



Small Outline (SO) Package Surface Mounting Methods­
Parameters and Their Effect on Product Reliability 

The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

5.0. Package 

~I 1..-TYPICAllY 0.050" lEADSPACING 

TL/XX/0026-13 

Standard DIP Package 

\..- TYPICAllY 0.100" lEADSPACING 
TL/XX/0026-14 

Because of its small size, reliability of the product assem­
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro­
duction under the condition that they be of comparable reli­
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo­
lar and 15V CMOS product assembled in SO and DIP (con­
trol) packages. 

V+ = lSVCt.lOS 
30V BIPOLAR 
8S%RH/8SOC 
TEST CONDITION 

DIP 

o 2000 4000 6000 

TEST TIt.lE (HRS) 

FIGURE A 
TL/XX/0026-15 
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In order to achieve reliability performance comparable to 
DIPs-SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder­
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted 5.0. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for· basic surface-mount 
operation and mixed-lead insertion/surface-mount opera­
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and SUrface­
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and sUrface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad­
hesive applications, along with the commonly-used vapor­
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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Mixed Surface·Mount and Axlal·Leaded Insertion 
Components Production Flow 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro­
cess. (Only leads of the package are immersed into the mol­
ten solder). 
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TL/XX/0026-17 

SOLDER TEMPERATURE 260°C 

o 1 2 3 4 5 6 7 8 9 10 SEC. 

DWELL TIME 
TLlXX/0026-18 

FIGURES 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur­
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack­
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low­
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g) of epoxy (typically 160-165°C), the ther­
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 

1 
100 110 120 130 140 150 160 1170 180 

Tg 
T(OC) 

TL/XX/0026-19 

FIGUREC 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata­
strophic failure. Unfortunately, electrical tests performed im­
mediately following soldering may not detect potential flaws. 

Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera­
ture of epoxy. Clearly, circuit boards containing SMD pack­
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure 0 is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

o 2000 4000 6000 

TEST TIME (HRS) 

TL/XX/0026-20 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro­
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre­
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend­
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick­
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-Y moving table, multiple pickup heads system 

- Components placed on PCB by successive or simul-
taneous actuation of pickup heads 

The SO package is treated almost the same as surface­
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 

TL/XX/0026-21 

BAKE 

This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur­
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur­
face-mounted board is helg upside down going into a va­
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea­
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili­
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va­
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La­
ser soldering is more for specialized applications and re­
quires a great amount of investment. 

HOT GAS REFLOWIINFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori­
fice mask) can be used. 

The boards are preheated to about 100°C and then subject­
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper­
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method. vapor­
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol­
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71 , 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con­
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 
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In-Line Conveyorlzed Vapor-Phase Soldering 

VAPOR PRODUCT 
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IMMERSION HEATER TL/XX/0026-22 

The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack­
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TL/XX/0026-23 

Batch-Fed Production Vapor-Phase Soldering Unit 
SECONDARY 

COILS 

PRIMARY COILS 

IMMERSION HEATER 
TL/XX/0026-24 
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Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G1 0 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg­
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
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Solder Joints on a SO-14 Package on PCB 
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The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com­
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, # 80 or # 120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver­
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom­
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed %" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu­
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap­
proximately 45 microns) should be used for general pur­
poses, while larger (solder globules) particles are pre­
ferred for leadless components (LCG). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 X magnifica­
tion). Uneven distribution causes uneven melting and sub­
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

SO-8, SO-14, SO-16 

0.045" :!: 0.005" 

r····~ 0.245" 0.160" L •• 1.~05· 
0.030" :!:0.005" --l I- -l !-0.050"TYP 

TL/XX/0026-27 

SOT-23 

0.030" :!:0.005"1 1-

D12t. !:~ i!f~ 
TLlXX/0026-29 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 

SO-16L, SO-20 •••• -
0.42" MIN 0.3]."'. 

l •••• 0045" 
:!:0.005" 

0.030" :!:0.005"~ 1- -.l 1_~TYp 
TL/XX/0026-28 

Comparison of Particle Size/Shape of Various Solder Pastes 

200 X Alpha (62/36/2) 200 X Kester (63/37) 

TL/XX/0026-30 TL/XX/0026-31 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 

Solder Paste Screen on Pads 200 X Fry Metal (63/37) 

TL/XX/0026-32 

200 ESL (63/37) 

TL/XX/0026-34 
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CLEANING 
The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel­
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub­
jected to a solvent vapor, followed by a rinse in pure sol­
vent and a high-pressure spray lance are the basic requir­
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol­
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet­
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permisSible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metal/ic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres­
ent on electrical/y-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 
Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap­
propriate orifice masking to protect surrounding compo­
nents may be used. 

When rework is necessary in the field, special/y-designed 
tweezers that thermal/y heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot·Alr Solder Rework Station 

RETRACT POSITION 

HEAT SHIELD 

BOARD ON X-V TABLE 

TL/XX/0026-35 
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Hot·Alr Rework Machine 

TLlXX/0026-36 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 
In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo­
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack­
age. The adhesive is cured and then proceeded to auto­
insertion on the reverse side of the board (surface-mount­
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface­
mounted components are immersed into the molten sol­
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board special/y designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260·C. The dwel/ time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com­
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un­
like solder paste, which is more or less localized). Non­
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100·C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol­
der coverage. This is minimized by dual-wave solder sys­
tems. 



Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t - PREHEAT 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu­
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per­
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem­
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast­
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma­
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 
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(b) Opposite Sides 

SOLDER FLOW 

TL/XX/0026-37 

Dual Wave 

TLlXX/0026-36 

CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack­
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/ components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 
FUNCTIONS 

Demonstration-Introduce first-time users to surface­
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 

Reliability Builds-Assemble surface-mounted units for re­
liability data acquisition. 

8-24 

Techniques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 



~National 
~ Semiconductor 
Plastic Leaded Chip Carrier (PLCC) Packaging 

General Description 
The Plastic Leaded Chip Carrier (PLCC) is a miniaturized 
low cost semiconductor package designed to replace the 
Plastic Dual-In-Line Package (P-DIP) in high density applica­
tions. The PLCC utilizes a smaller lead-to-Iead spacing-
0.050· versus 0.100· - and leads on all four sides to 
achieve a significant footprint reduction over the P-DIP. The 
rolled under J-bend leadform separates this package style 
from other plastic quad packages with flat or gull wing lead 
forms. As with virtually all packages of 0.050· or less lead 
spacing, the PLCC requires surface mounting to printed cir­
cuit boards as opposed to the more conventional thru-hole 
mounting of the P-DIP. 

History 
The Plastic Leaded Chip Carrier with J-bend leadform was 
first introduced in 1976 as a pre molded plastic package. 
The premolded version has yet to become popular but the 
quad format with J-Bend leads has been adapted to tradi­
tional post molded packaging technology (the same tech­
nology used to manufacture the P-DIP). In 1980 National 
Semiconductor developed a post molded version of the 
PLCC. The J-bend leadform allowed them to adopt the foot­
print connection pattern already registered with JEDEC for 
the leadless chip carrier (LCG). In 1981 a task force was 
organized within JEDEC to develop a PLCC registration for 
package I/O counts of 20, 28, 44, 52, 68, 84, 100, and 124. 
A registered outline was completed in 1984 (JEDEC Outline 
MO-047) after many changes and improvements over the 
original proposals. This first PLCC registration covers 
square packages with an equal number of leads on all sides. 
A second registration, MO-052, was completed in 1985 for 
rectangular packages with I/O counts of 18, 22, 28 and 32. 

Since 1980 many additional semiconductor manufacturers 
and packaging subcontractors have developed PLCC capa­
bility. There are now well over 20 sources with the number 
growing steadily. 

Surface Mounting 
Surface mounting refers to component attachment whereby 
the component leads or pads rest on the surface of the PCB 
instead of the traditional approach of inserting the leads into 
through-holes which go through the board. With surface 
mounting there are solder pads on the PCB which align with 
the leads or pads on the component. The resulting solder 
joint forms both the mechanical and electrical connection. 

ADVANTAGES 
The primary reason for surface mounting is to allow leads to 
be placed closer together than the 0.100" standard for DIPs 
with through-hole mounting. Through-hole mounting on 
smaller than 0.100" spacing is difficult to achieve in produc­
tion and generally avoided. The move to 0.050" lead spac­
ing offered with the current generation of surface mounted 
components, along with a switch from a dual-in-line format 
to a quad format, has achieved a threefold increase in com­
ponent mounting density. A need to achieve greater density 
is a major driving force in today's marketplace. 

MANUFACTURING TECHNIQUES 
Learning how to surface mount components to printed cir­
cuit boards requires the user to become educated in new 
assembly processes not typically associated with through­
hole insertion/wave soldering assembly methods. 

Surface mounting involves three basic process steps: 

1) Application of solder or solder paste to the printed circuit 
board. 

2) Positioning of the component onto the printed circuit 
board 

3) Reflowing of the solder or solder paste. 

As with any process, there are many details involved to 
achieve acceptable throughput and acceptable quality. Na­
tional Semiconductor offers a surface mounting guide which 
deals with the specifics of successful surface mounting. We 
encourage the user to review this document and to contact 
us if further information on surface mounting is desired. 

Benefits of the PLCC 
There are four principle advantages offered the user by 
switching from P-DIP to PLCC. These four advantages are 
outlined below as follows: 

1. Increased Density-
- Typically 3-to-1 size reduction of printed circuit 

boards. See Figure 1 for a footprint comparison be­
tween PLCC and P-DIP. This can be as high as 6-to-
1 in certain applications. 

- Surface mounting allows components to be placed 
on both sides of the board. 

- Surface mount and thru-hole mount components can 
be placed on the same board. 

- The large diameter thru-holes can be reduced in 
number, entirely eliminated, or reduced in size (if 
needed for via connection). 

2. Increased Performance-
- Shorter traces on printed circuit boards. 
- Better high frequency operation. 
- Shorter leads in package. Figure 2 and Table I com-

pare PLCC and P-DIP mechanical and electrical 
characteristics. 

3. Increased Reliability-
- Leads are well protected. 
- Fewer connectors. 
- Simplified rework. 
- Vibration and shock resistant. 

4. Reduced Cost-
- Fewer or smaller printed circuit boards. 
- Less hardware. 
- Same low cost printed circuit board material. 
- Plastic packaging material. 
- Reduced number of costly plated-through-holes. 
- Fewer circuit layers. 
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FIGURE 1. Footprint Area of PLCC VS. P-DIP 
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FIGURE 2. Longest Internal Lead PLCC VS. P-DIP 

TABLE I. Electrical Performance of PLCC vs. P-DIP (441/0 PLCC VS. 40 I/O P-DIP, both with Copper Leads) 

Criteria 
Shortest Lead Longest Lead 

PLCC P-DIP PLCC P-DIP 

Lead Resistance 30 40 60 70 
(Measured) 

Lead-to-Lead Capacitance 0.1 pF 0.1 pF 0.3 pF 3.0 pF 
(Measured on Adjacent Leads) 

Lead Self-Inductance 3.2 nH 1.4 nH 3.5nH 19.1 nH 
(Calculated) 

n===== TOTAL WIDTH 11 

r
l'- ===--BODY.WIDTH ---"-~-i'l-+---r ! 

TOTAL 

LT 
1141--- CONTACT SPREAD ---~.I 
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FIGURE 3. Package Outline 

TABLE II. Principle Dimensions Inches/(Mllllmeters) (Refer to FIgure 3) 

Lead Total Width Total Height Body Width Contact Spread 

Count Min Max Min Max Min Max Min Max 

20 0.385 sq. 0.395 sq. 0.165 sq. 0.180 sq. 0.345 sq. 0.355 sq. 0.310 sq. 0.330 sq. 
(9.779) (10.03) (4.191) (4.572) (8.763) (9.017) (7.874) (8.382) 

28 0.485 sq. 0.495 sq. 0.165 sq. 0.180 sq. 0.445 sq. 0.455 sq. 0.410 sq. 0.430 sq. 
(12.32) (12.57) (4.191) (4.572) (11.30) (11.56) (10.41 ) (10.92) 

44 0.685 sq. 0.695 sq. 0.165 sq. 0.180 sq. 0.645 sq. 0.655 sq. 0.610 sq. 0.630 sq. 
(17.40) (17.65) (4.191) (4.572) (16.38) (16.64) (15.49) (16.00) 
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TABLE II. Principle Dimensions Inches/(Mllllmeters) (Refer to Figure 3) (Continued) 

Lead Total Width Total Height Body Width Contact Spread 

Count Min Max Min Max Min Max Min Max 

68 0.985 sq. 0.995 sq. 0.165 sq. 0.180 sq. 0.945 sq. 0.955 sq. 0.910 sq. 0.930 sq. 
(25.02) (25.27) (4.191) (4.572) (24.00) (24.26) (23.11) (23.62) 

84 1.185 sq. 1.195 sq. 0.165 sq. 0.180 sq. 1.150 sq. 1.158 sq. 1.110 sq. 1.130 sq. 
(30.10) (30.36) (4.191) (4.572) (29.21) (29.41) (28.20) (28.70) 

124 1.685 sq. 1.695 sq. 0.180 sq. 0.200 sq. 1.650 sq. 1.658 sq. 1.610 sq. 1.630 sq. 
(49.13) (49.39) (4.572) (5.080) (41.91) (42.11) (40.90) (41.40) 

TABLE III. Package Thermal Resistance 
(Deg. C/Watt, Junctlon-to-Amblent, Board Mount) 

Lead Count 
Device Size 

1,000 MII2 10,000 MII2 100,000 MII2 

20 102 85 67 

28 95 73 55 

44 54 47 40 

68 44 40 38 

84* 40 35 30 

124* 40 35 30 

"Estimated values 

Package Design Criteria and development have gone into steadily improving our 
P-DIP quality and maintaining a leadership position in plastic 

Experience has taught us there are certain criteria to the package reliability. All of this technology can be directly ap-
PLCC design which must be followed to provide the user plied to the PLCC. Table V shows the results of applying this 
with the proper mechanical and thermal performance. technology to the PLCC. As we make further advances in 
These requirements should be carefully reviewed by the plastic package reliability, these will also be applied to the 
user when selecting suppliers for devices in PLCC. Some of PLCC. 
these are covered by the JEDEC registration and some are 
not. These important requirements are listed in Table IV. Sockets 
Reliability There are several manufacturers currently offering sockets 

for the plastic chip carrier. Following is a listing of those 
National Semiconductor utilizes an assembly process for manufacturers. The listing is divided into test/burn-in and 
the PLCC which is similar to our P-DIP assembly process. production categories. There may be some individual sock-
We also utilize identical materials. This is a very important ets that will cover both requirements. 
point when considering reliability. Many years of research 

TABLE IV. Package Design Criteria 

Criteria 
Required to Comply with 

JEDEC Registration 

Minimum Inside Bend Radius of Lead at Shoulder Equal or Greater than Lead Not Required 
Thickness-to Prevent Lead Cracking/Fatigue 

Minimum One Mil Clearance Between Lead and Plastic Body at all Points-to Not Required 
Provide Lead Compliancy and Prevent Shoulder Joint Cracking/Fatigue 

Copper Leads for Low Thermal Resistance Not Required 

Minimum 10 Mil Lead Thickness for Low Thermal Resistance and Good Not Required 
Handling Properties 

Minimum 26 Mil Lead Shoulder Width to Prevent Interlocking of Devices Yes 
During Handling 

Maximum 4 Mils co planarity Across Seating Plane of all Leads Yes 
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TABLE V. Reliability Test Data 
(Expressed as Failures per Units Tested) 

Device/Package OPL TMCL TMSK BHTL 

LM324/20 Lead 0/96 0/199 0/50 0/97 

LF353/20 Lead 0/50 0/50 - 0/45 

DS75451/20 Lead 0/47 - 0/50 0/93 

DM875191/28 Lead 0/154 0/154 0/154 0/154 

DM875181/28 Lead 0/77 0177 0177 0177 

OPL = Dynamic high temperature operating life at 125'C or 150'C, 1,000 hours. 

ACLV 

0/300 

0/100 

0/179 

0/154 

0177 

TMCL = Temperature cycle, Air-to-Air, - 40'C to + 125'C or - 65'C to + 150'C, 2,000 cycles. 

TMSK = Thermal shock, Liquid-to-Liquid, - 65'C to + 150'C, 100 cycles. 

BHTL = Biased humidity temperature life, 85'C, 85% humidity, 1,000 hours. 

ACLV = Autoclave, 15 psi, 121'C, 100% humidity, 1,000 hours. 

Production Sockets 
AMP 

Test/Burn-In Sockets 
Plastronics 
Irving, TX Harrisburg, PA 

(715) 564-0100 

Augat 
Attleboro, MA 
(617) 222-2202 

Burndy 
Norwalk, CT 
(203) 838-4444 

Methode 
Rolling Meadows, IL 
(312) 392-3500 

Textool 
Irving, TX 
(214) 259-2676 

Thomas & Betts 
Raritan, NJ 
(201) 469-4000 

(214) 258-1906 

Textool 
Irving, TX 
(214) 259-2676 

Yamaichi 
c/o Nepenthe Dist. 
(415) 856-9332 

ADDITIONAL INFORMATION AND SERVICES 

National Semiconductor offers additional Databooks which 
cover surface mount technology in much greater detail. We 
also have a surface mount laboratory to provide demonstra­
tions and customer support, as well as technology develop­
ment. Feel free to contact us about these additional re­
sources. 
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~National 
~ Semiconductor 

TapePak® 

The latest generation in VLSI packaging, TapePak is the 
package of the future-low-cost, reliable, high-Ieadcount 
packaging that's easy to handle, easy to test, and easy to 
mount. It's also compatible with existing surface-mount 
technology. 

TapePak uses tape-automated bonding technology and a 
unique, patented outer ring to protect the leads and, at the 
same time, provide an effective test interface. 

This outer ring is molded at the same time as the body of 
the package and creates test points outside the package 
leads. The test ring is discarded along with the tape as the 
package is excised by the automatic pick-and-place ma­
chine at the point of assembly. 

During testing, the leads themselves never come in contact 
with the test socket, so lead damage and coplanarity prob­
lems are eliminated. The test ring also allows burn-in to be 
performed on each device. 

Not only does this ring protect the leads during handling, 
testing and assembly, but it also allows leads to be placed 
on centers of 0.Q12 inch-0.020 inch (0.3 mm-0.5 mm), 
while the test points are placed on standard centers of 
0.020 inch (0.5 mm), 0.025 inch (0.65 mm) or 0.050 inch 
(1.27 mm). That way, the test pOints are compatible with 
existing automatic test equipment. 

TapePak packages are significantly smaller than conven­
tional and alternative surface-mount packages. TapePak 
lead counts range from 40 to greater than 360, yet the larg­
est package measures only 1.1 inches (28 mm) square. 

Comparison of TapePak and Conventional Packages 

40L 44L 40L 
DIP PLCC TapePak 

Lead thickness (mils) 10.0 10.0 2.8 
Lead pitch (mils) 100 50 20 
Package length (mils) 2050 650 350 
Package width (mils) 600 650 350 
Package 175 180 71 

thickness (mils)· 
Volume ratio 24.4 9.1 1 

40L 44L 40L 
DIP PLCC TapePak 

Long Short Long Short Long Short 

Lead length (in) 1.0 0.3 0.35 0.25 0.1 0.1 
Resistance (mOhm) 7 4 4 3 2.4 2.4 
Inductance (nH) 22 6.0 6.5 5 1.2 1.2 
Capacitance (pF) 0.5 0.2 0.3 0.2 0.2 0.1 

(lead to lead) 

·Measured from seating plane to the top of the package. 
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A TapePak device can be less than 1110 the size of a tradi­
tional DIP and % the size of other surface-mount packages 
such as a PLCC. 
TapePak technology was designed to take full advantage of 
automatic assembly systems with their high speed and pre­
cision. It can be used with existing precision surface-mount 
assembly equipment with minimal modification. The only re­
quirement is an accessory for removing the test ring and 
forming the leads at the point of assembly. 

TapePak also provides a significant improvement in the 
electrical characteristics of each package. Lead capaci­
tance and inductance, for example, can be reduced up to 
ten times that of other packages. Signal propagation time is 
also reduced, and thermal characteristics are improved. Be­
cause of the tremendous space savings, TapePak technolo­
gy offers much greater power density per unit area as com­
pared to DIP or alternative surface-mount packages. 

Performance and reliability are improved because there are 
one-third fewer connections between the die and the PC 
board. Low-stress molding compounds also improve pack­
age reliability. TapePak devices pass stringent environmen­
tal tests, including autoclaving at 121·C at 15 psi and ther­
mal shock from - 65·C to + 150·C for 1000 cycles. 

No other package takes similar advantage of materials tech­
nology to provide the combination of low cost, high density, 
testability, damage resistance, and reliability. 

TapePak has been accepted as an industry standard by the 
Joint Electronic Device and Engineering Council (JEDEC) 
and registration is in progress with the Electronic Industries 
Association of Japan (EIAJ). TapePak technology has also 
been licensed to other manufacturers for their own proprie­
tary devices. 

e::i:iliiiiiiiiiii~~~i~:: 
./'" 

PC Board 

PC Board 
TL/XX/0077 -1 

With TapePak, there are one-third fewer 
connections between die and board 
than with traditional wire bonding. 
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'~ 20 Lead Hermetic Dual-In-Line Package (0) 
it NS Package Number D20A 

,-
0.270-0.310 

(6.858-7.874) 

~~~~~~~~~ 
0.OSOtO.005 
(1.270tO.127) 

TYP 
0.020-0.060 

M 
(0.508-1.524) , L-

0.008-0.015 
(0.203-0.381) + 

0.005 
(0.127) 

MIN 

. I ~.290-0.320 I 
--t (7.366-8.128) r--

0.080 
(2.032) 

MAX 

24 Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D24C . 

1------- 1.230 --------i 
(31.24) 

0.050 t 0.005 

(1.270 to.127)­
TVP 

MAX 

1')20A(RIV DJ 

0.165 

(4.191) 
MAX 

-L-~ __ ~========~==~~+ -r 
0.020-0.060 

(0.508-1.524) 

0.008-0.015 

(0.203-0.381) ~ 

~ ~
VP 

0.590-0.620 

(14.99-15.75) 

0.005 

(0.127) 
MIN 

0.005 
(0.127)­

MIN 
0.098 _ 

(2.489) 
MAX TVP 

0.100 to.010 -I 
(2.540 to.254) 

TVP 
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0.150 

(3.810) 
MIN 

0.125-0.200 

(3.175-5.080) 

D24C(AEVG) 



28 Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D28C 

PIN NO.1 
IDENT ~ 

, ---------- 1.430 MAX --------JI • (36.32) • 

ZI 27 ZI 21 24 Zl ZZ 21 ZO II 11 17 II II 

) 

r-. - - --

0.520 MAX 
,-- (13.208) SDUARE-

- -I 10 11 IZ U 14 

0.050 
TYP (1.270) 

If 
0.605 
iii.i7i 

j 
0.165 

(4.181) 
MAX 

~ II l-,::,::~::,~ 
I-(~~~~:)REF-I -1 ~ --1~ 

0.10OlO.Ol0 0.015-0.023 
(2.54OlO.2S4) (0.381-0.584) 

TYP 

40 Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D40C 

0.125 
(3.175) 

MIN 

0.020-0.060 
(0.508-1.524) 

C2&C(REVE) 

0.610 
(15.49) 

~~~~J 

~ 

'\

0.203-0.381) 
0.590-0.620 TYP 

1---(14.99-'5.75)-1 --~~~~~~!~TlCAL 
REF OUTWARD TYP 

0.100 ±G.Ol0 _ I I _ 
(2.540 iO.254) --, I 

TYP 

8·31 

0.015-0.023 _ II-­
(0.381-0.584) "I 

TYP 

0.125 
(3.175) 

MIN 

D«lC(AEVH) 
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S 68 Pin Chip Carrier, Type B (E) 
.~ NS Package Number E68B 
E 
is 
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Co) 

.~ 
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Q. 

TOP VIEW 

68 Lead Chip Carrier (E) 
NS Package Number EL68A 

~ 
(1.016) 

x45' TYP 

11(~~) 
1-1111 

=; ;..., PIN NO. 1 INDEX 

== 
~ 
~ 
i= 

I-- O.038±O.OO3 

11 ~t 
-, 

0.050±0.1I08 
(i1iiffi03i 

TYP 

J 0.085 ± 0.010 

-~ 
o.l 

(D.203j J~~ ,- (1.II05±0.2M) 

DEJA/LA 
SCALf: lOx 
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RAO 68 PLC'S 

BOTTOM VIEW 

0.01&-0.020 
10.<08-0.508) 0.910-0.950 

TYP 123.11-24.13) 

~~ 
0.100-0.m 
-~) 

TYP 

SIDE 
VIEW 

E88BIFlfVC) 



20 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M20B 

-f 
0.291-0.288 

(7.391-7.5Q5) 

0.010-0.029 • 
(0.2M-0.737) x45 r 0.093-0.104 

(2.362 -2.642) 

----..,J 
8' MAX TYP 

J:-~~=(=::=~=2)=/==;==!-$;xq1 :.E~ 
~ ALL LEAD TIPS --(0.406-1.270) 
TYP AlllEAOS TYP All lEADS 

• iI" ~ ... -.. ' L (0.102-0.305) 

-=",,~~SEATlNO 
t f I I JL J L t PLANE (:.~~) _ _~ . ~TYP 

. (1.270) (0.356 -0.508) 
TYP 

...!!J!!!!TYP 
(0.203) ""'B(REY'l 

24 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M24B 

~ 
(0.229-0.3311) 
TYP All lEADS 

• t 

~­(7.391-7.594) 

1 

0.017 

(0.43211 
x45' 

0.004 
(oTo2j 

All lEAD TIPS 

0.037-0.044 

~ 

t 
0'-8' TYPAlllEAoS 

+ 

[-===t= 
0.030 - 0.050 

~ 
TYP All lEADS 

0.093-0.104 
~ 

• 

-----(~5~~:=~56~!)-----··1 
22 21 20 19 18 17 16 15 14 13 

5 6 7 8 9 10 11 12 

0004-0012 

~0.305) 

IJ L JI t 0050 0014-0.01' 
iiT70i - (0.356-0.463) 

TYP 
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20 Lead Molded Dual-In-Line Package {N} 
NS Package Number N20A 

~
(~:~~~)J 

MIN 

0.300-0.320 

~ 

OJ25 ~~:~~ 
(8.255 +1.016) 
~ -0.381 

0.092 X 0.030 

(2.337 X 0.762) 
MAX DP 

PIN NO.lI0ENT 

0.065 

(1.651) 

1.013-1.040 =:1 
(25.73-26.42) 

~======~='=7=='=6=='=5=='4===1l===1Z~'='~ t 
0.260 ±0.005 

(6.604 ±0.127) 

~r.n~~~~~~~ 

~~~~~~~~~~~ 

0.009-0.01JJ 
(0.229-0.381) 
TYP 

0.060 to.005 

(1.524tO.127) 

- 90'tO.004° t 

I ~~ 0.125-0.140 t- 0.018:t0.003 (3.175-3.556) 
(0.457 t 0.076) 

24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 

O'032±0'005~O 19 
(0.813±0.127) 

RAD 

PIN NO.1IDENT~ 

1 

t 
0.020 

(0.508) 
MIN 

OPTION 2 

N20AIREVGI 

1.243-1.270 
1--------(31.57_32.26)-------1-1 

0.062 
(1.575) 

RAD 

PIN NO.1 IDENT 

(14.73) 0.030 

2 

DDTIED OUTliNES 
REFLECT ALTERNATE 

MIN -(0.-76-2) 0.075 
0.160 iO.005 r:

~:-l MOLDED BODY CDNFIGURATION 

D.600-0.620 MAX (1.905) rr (15.24-15.748) L rrr----+-+--------=-.;.;.-.-t-l---r'II--i------l. 

95·±5· 

O.625~:~~: 
I--- (15 875 +0.635)----1 

• -{I.lSl 

N24AIREVEI 
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28 Lead Molded Dual-In-Line Package (N) 
NS Package Number N28B 

PIN NO.1 IDENT 

O'i-~MAX I 0.600-0.620 --1 ''''FtC ~ -• .-' 

40 Lead Molded Dual-In-Line Package (N) 
NS Package Number N40A 

I------------(!i~:=~~~:)------------I·I 
21 

0.125-0.145 
(3.175 - 3. 683) 

N2IBIREVE) 

0.062 
(1.&75) 

RAD 
1 e 8 0.550 ±0.005 

~~~~~~-r~~~~~~~~~~~~~~~~~~~~:::l."" PIN NO. llDENT 

95·:15· 

/--- 0.62S~:~~: --l 0.075:10.015 

(15.875 ~:~m (1.90510.381) 

N.tOA(REYE) 
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40 Lead TapePak® Package (TP) 
NS Package Number TP40A 

PACKAGE CONFIGURATION AS SHIPPED 
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RECOMMENDED FORMED AND EXCISED 
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68 Lead Pin Grid Array (U) 
NS Package Number U68C 

0.710 

''T 
I 

INDEX 
MARK 

0.071-0.098 

0.11iG-0.1S5 ~ 
(3.810-4.6~) ____ ~==================~,-.-~t 

+-J ~~ 
L~W~.! iii H i Wi l,::m 

(1.270) 

28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 

0.01iG 
(1.270) l 

ISPACEIAr r 
[Jf (~:~~) 

OIA NOM 
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l (Co::~i~~ON) r-0020 I 0.013-0011 
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""'Cb~ME ,·1 '" I: 
Vu=i»1l ~ '.~ j' (::~.:~~) t (~:~::~:~~) 

ii'Wi 
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~ 
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0.990-1.010 -' 
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44 Lead Plastic Chip Carrier (V) 
NS Package Number V 44A 

0.032-0.040 0.020 
(0.813-1.018) iOiii) 

MAX MIN 

~ 

(~3~:)~ NOM 
10 SPACES AT 
0.0110_1.500 
(1.270-12.70) 

0.230 
(U42) Ft:~~a 

68 Lead Plastic Chip Carrier (V) 
NS Package Number V68A 

u ~ 

~"II-____ 0.826 ----.~I 
(20.98) 

NO'"' 

O.O!IO 
(1.270) 

REf 

8-39 

0.104-0.118 
(2.642 -2.997) 

0.020 

iD.5oBi 
MIN 

0.104-0.118 

~ 

V44A(REVH) 

0.950 
(24.13) 
REF SQ 

0.985-0.995 
(25.02 - 25.27) 

SQUARE 

V68A (REV G) 
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NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA Sunnyvale GEORGIA MASSACHUSEnS 

Huntsville Arrow Electronics Norcross Andover 
Arrow Electronics (408) 745-6600 Arrow Electronics Bell Industries 
(205) 837-6955 Bell Industries (404) 449-8252 (508) 474-8880 
Bell Industries (408) 734-8570 Bell Industries Lexington 
(205) 837-1074 Hamilton! Avnet (404) 662-0923 Pioneer Standard 
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ARIZONA Bell Industries ILLINOIS Gerber Electronics 
Chandler (805) 499-6821 Addison (617) 769-6000 

Hamilton! Avnet Torrance Pioneer Electronics Peabody 
(602) 231-5100 Time Electronics (312) 437-9680 Hamilton! Avnet 

Phoenix (213) 320-0880 Bensenville (508) 531-7430 

Arrow Electronics Tustin Hamilton! Avnet Time Electronics 
(602) 437-0750 Arrow Electronics (312) 860-7780 (508) 532-6200 

Tempe (714) 638-5422 Elk Grove Village Wilmington 
Anthem Electronics Yorba Linda Anthem Electronics Anthem Electronics 
(602) 966-6600 Zeus Components (312) 640-6068 (508)657-5170 

Bell Industries (714) 921-9000 Bell Industries Arrow Electronics 
(602) 966-7800 COLORADO (312) 640-1910 (508) 658-0900 

CALIFORNIA Englewood Itasca MICHIGAN 
Agora Hills Anthem Electronics Arrow Electronics Ann Arbor 

Zeus Components (303) 790-4500 (312) 250-0500 Arrow Electronics 
(818) 689-3838 Arrow Electronics Urbana (313) 971-8220 

Anaheim (303) 790-4444 Bell Industries Bell Industries 
Time Electronics Hamilton! Avnet (217) 328-1077 (313) 971-9093 

(714) 934-0911 (303) 799-7800 Wood Dale Grand Rapids 
Chatsworth Wheatridge Time Electronics Arrow Electronics 

Anthem Electronics Bell Industries (312) 350-0610 (616) 243-0912 

(818) 700-1000 (303) 424-1985 INDIANA Hamilton! Avnet 
Arrow Electronics CONNECTICUT Carmel (616) 243-8805 

(818) 701-7500 Cheshire Hamilton! Avnet Pioneer Standard 
Hamilton Electro Sales Time Electronics (317) 844-9333 (616) 698-1800 

(818) 700-6500 (203) 271-3200 Fort Wayne Livonia 
Time Electronics Danbury Bell Industries Pioneer Standard 
(818) 998-7200 Hamilton! Avnet (219) 423-3422 (313) 525-1800 

Costa Mesa (203) 797-2800 Indianapolis Novi 
Avnet Electronics Meriden Advent Electronics Inc. Hamilton! Avnet 
(714) 754-6050 Anthem Electronics (317) 872-4910 (313) 347-4720 

Hamilton Electro Sales (203) 237-2282 Arrow Electronics Wyoming 
(714) 641-4159 Norwalk (317) 243-9353 R. M. Electronics, Inc. 

Garden Grove Pioneer Standard Bell Industries (616) 531-9300 

Bell Industries (203) 853-1515 (317) 634-8200 MINNESOTA 
(714) 895-7801 Wallingford Pioneer Standard Eden Prairie 

Gardena Arrow Electronics (317) 849-7300 Anthem Electronics 
Bell Industries (203) 265-7741 IOWA (612) 944-5454 
(213) 515-1800 FLORIDA Cedar Rapids Pioneer Standard 
Hamilton! Avnet Altamonte Springs Advent Electronics (612) 944-3355 
(213) 217-6751 Bell Industries (319) 363-0221 Edina 

Irvine (407) 339-0078 Arrow Electronics Arrow Electronics 
Anthem Electronics Pioneer Technology (319) 395-7230 (612) 830-1800 
(714) 768-4444 (407) 834-9090 Bell Industries Minnetonka 

Ontario Clearwater (319) 395-0730 Hamilton! Avnet 
Hamilton! Avnet Pioneer Technology Hamilton! Avnet (612) 932-0600 
(714) 989-4602 (813) 536-0445 (319) 362-4757 MISSOURI 

Rocklin Deerfield Beach KANSAS Chesterfield 
Anthem Electronics Arrow Electronics Lenexa Hamilton! Avnet 
(916) 624·9744 (305) 429-8200 Arrow Electronics (314) 537-1600 
Bell Industries Bell Industries (913) 541-9542 St. Louis 
(916) 652-0414 (305) 421-1997 Arrow Electronics 

Sacramento Hamilton! Avnet 
Pioneer Technology (913) 888-8900 (314) 567-6888 

Hamilton! Avnet (305) 428-8877 Time Electronics 
(916) 925-2216 Pioneer Standard 

Fort Lauderdale (913) 492-0500 (314) 391-6444 
San Diego Hamilton! Avnet NEW HAMPSHIRE Anthem Electronics (305) 971-2900 MARYLAND 

(619) 453-9005 Lake Mary Columbia Hudson 

Arrow Electronics Anthem Electronics Bell Industries 
Arrow Electronics 

(619) 565-4800 (407) 333-9300 (301) 995-6640 (603) 882-1133 

Hamilton! Avnet Largo Arrow Electronics Manchester 

(619) 571-7510 (301) 995-0003 Arrow Electronics 
Bell Industries (603) 668-6968 Timo Electronics (813) 541-4434 Hamilton! Avnet 

(619) 586-1331 (301) 995-3500 Hamilton! Avnet 
Oviedo (603) 624-9400 San Jose Zeus Components Time Electronics 

Anthem Electronics (407) 365-3000 (301) 964-3090 
(408) 453-1200 St. Petersburg Zeus Components 
Pioneer Technology Hamilton! Avnet (301) 997-1118 
(408) 954-9100 (813) 576-3930 Gaithersburg 
Zous Components Winter Park Pioneer Technology 
(408) 998-5121 Hamilton! Avnet (301) 921-0660 

(407) 628-3888 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY 
Cherry Hill 

Hamilton! Avnet 
(609) 424-0100 

Fairfield 
Anthem Electronics 
(201) 227-7960 
Hamilton! Avnet 
(201) 575-3390 

Marlton 
Arrow Electronics 
(609) 596-8000 

Parsippany 
Arrow Electronics 
(201) 538-0900 

Pine Brook 
Nu Horizons Electronics 
(201) 882-8300 
Pioneer Standard 
(201) 575-3510 
Time Electronics 
(201) 882-4611 

NEW MEXICO 
Albuquerque 

Alliance Electronics Inc. 
(505) 292-3360 
Arrow Electronics 
(505) 243-4566 
Bell Industries 
(505) 292-2700 
Hamilton! Avnet 
(505) 765-1500 

NEW YORK 
Amityville 

Nu Horizons Electronics 
(516) 226-6000 

Binghamton 
Pioneer 
(607) 722-9300 

Buffalo 
Summit Electronics 
(716) 887-2800 

Fairport 
Pioneer Standard 
(716) 381-7070 
Time Electronics 
(716) 383-8853 

Hauppauge 
Anthem Electronics 
(516) 273-1660 
Arrow Electronics 
(516) 231-1000 
Hamilton! Avnet 
(516) 434-7413 
Time Electronics 
(516) 273-0100 

Port Chester 
Zeus Components 
(914) 937-7400 

Rochester 
Arrow Electronics 
(716) 427-0300 
Hamilton! Avnet 
(716) 475-9130 
Summit Electronics 
(716) 334-8110 

Ronkonkoma 
Zeus Components 
(516) 737-4500 

Syracuse 
Hamilton! Avnet 
(315) 437-2641 
Time Electronics 
(315) 432-0355 

Westbury 
Hamilton! Avnet Export Div. 
(516) 997-6868 

Woodbury 
Pioneer Electronics 
(516) 921-8700 

NORTH CAROLINA 
Charlotte 

Pioneer Technology 
(704) 527-8188 
Time Electronics 
(704) 522-7600 

Durham 
Pioneer Technology 
(919) 544-5400 

Raleigh 
Arrow Electronics 
(919) 876-3132 
Hamilton! Avnet 
(919) 878-0810 

Winston-Salem 
Arrow Electronics 
(919) 725-8711 

OHIO 
Centerville 

Arrow Electronics 
(513) 435-5563 
Bell Industries 
(513) 435-8660 
Bell Industries-Military 
(513) 434-8231 

Cleveland 
Pioneer 
(216) 587-3600 

Dayton 
Hamilton! Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(914) 937-7400 

Solon 
Arrow Electronics 
(216) 248-3990 
Hamilton! Avnet 
(216) 831-3500 

Westerville 
Hamilton! Avnet 
(614) 882-7004 

OKLAHOMA 
Tulsa 

Arrow Electronics 
(918) 252-7537 
Hamilton! Avnet 
(918) 252-7297 
Radio Inc. 
(918) 587-9123 

OREGON 
Beaverton 

Almac-Stroum Electronics 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114 
Arrow Electronics 
(503) 645-6456 
Hamilton! Avnet 
(503) 627-0201 

Lake Oswego 
Bell Industries 
(503) 635-6500 

PENNSYLVANIA 
Horsham 

Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 

King of Prussia 
Time Electronics 
(215) 337-0900 

Monroeville 
Arrow Electronics 
(412) 856-7000 

Pittsburgh 
Hamilton! Avnet 
(412) 281-4150 
Pioneer 
(412) 782-2300 

TEXAS 
Austin 

Arrow Electronics 
(512) 835-4180 
Hamilton! Avnet 
(512) 837-8911 
Pioneer Standard 
(512) 835-4000 
TIme Electronics 
(512) 399-3051 

Carrollton 
Arrow Electronics 
(214) 380-6464 
Time Electronics 
(214) 241-7441 

Dallas 
Hamilton! Avnet 
(214) 404-9906 
Pioneer Standard 
(214) 386-7300 

Houston 
Arrow Electronics 
(713) 530-4700 
Pioneer Standard 
(713) 988-5555 

Richardson 
Anthem Electronics 
(214) 238-7100 
Zeus Components 
(214) 783-7010 

Stafford 
Hamilton! Avnet 
(713) 240-7733 

UTAH 
Midvale 

Bell Industries 
(801) 255-9611 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Arrow Electronics 
(801) 973-6913 
Hamilton! Avnet 
(801) 972-4300 

West Valley 
Time Electronics 
(801) 973-8181 

WASHINGTON 
Bellevue 

Almac-Stroum Electronics 
(206) 643-9992 

Bothell 
Anthem Electronics 
(206) 483-1700 

Kent 
Arrow Electronics 
(206) 575-4420 

Redmond 
Hamilton! Avnet 
(206) 881-6697 

WISCONSIN 
Brookfield 

Arrow Electronics 
(414) 792-0150 

Mequon 
Taylor Electric 
(414) 241-4321 

Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton! Avnet 
(414) 784-4516 

CANADA 
WESTERN PROVINCES 

Burnaby 
Hamilton! Avnet 
(604) 437-6667 
Samad Electronics 
(604) 420-9889 

Calgary 
Hamilton! Avnet 
(403) 250-9380 
Somad Electronics 
(403) 252·5664 
Zentronics 
(403) 272-1021 

Edmonton 
Zentronics 
(403) 468-9306 

Richmond 
Zentronics 
(604) 273-5575 

Saskatoon 
Zentronics 
(306) 955-2207 

Winnipog 
Zentronics 
(204) 694-1957 

EASTERN PROVINCES 
Brampton 

Zentronics 
(416) 451·9600 

Mississauga 
Hamilton! Avnet 
(416)677-7432 

Nepean 
Hamilton! Avnet 
(613) 226-1700 
Zentronlcs 
(613) 226-8840 

Ottawa 
Semad Electronics 
(613) 727-8325 

Pointe Claire 
Semad Electronics 
(514) 694-0860 

SI. Laurent 
Hamilton! Avnat 
(514) 335-1000 
Zentronics 
(514) 737-9700 

Willowdale 
ElectroSonic Inc. 
(416) 494-1666 



SALES OFFICES 

ALABAMA FLORIDA MICHIGAN ONTARIO 
Huntsville Boca Raton Grancl Rapids Mississauga 

(205) 721-9367 (407) 997-8133 (616) 940-0588 (416) 678-2920 

ARIZONA Orlando 'N. Bloomfield Nopean 

Tempe (305) 629-1720 (313) 855-0166 (613) 596-0411 

(602) 966-4563 SI. Petersburg MINNESOTA OREGON 

CALIFORNIA 
(813) 577-1380 Bloomington Portland 

Inglewood GEORGIA (612) 854-8200 (503) 639-5442 

(213) 645-4226 Norcross NEW JERSEY PENNSYLVANIA 
Roseville (404) 441-2740 Paramus Horsham 

(916) 786-5577 ILLINOIS (201) 599-0955 (215) 672-6767 
San Diego Schaumburg NEW MEXICO PUERTO RICO 

(619) 587-0666 (312) 397-8777 Albuquerque Rio Piodras 
Santa Clara INDIANA (505) 884-5601 (809) 758-9211 

(408) 562-5900 Carmel NEW YORK QUEBEC Tustin (317) 843-7160 Fairport Lachine (714) 259-8880 
Wooclland Hills 

Fort Wayne (716) 223-7700 (514) 636-8525 

(818) 888-2602 
(219) 484-0722 Liverpool TEXAS 

IOWA (315) 451-9091 Austin COLORADO Cedar Rapids Melville (512) 346-3990 Boulder (319) 395-0090 (516) 351-1000 Houston (303) 440-3400 
KANSAS Wappinger Falls (713) 771-3547 Colorado Springs 

(303) 578-3319 Overland Park (914) 298-0680 Richardson 

Englewood (913) 451-4402 NORTH CAROLINA (214) 234-3811 

(303) 790-8090 MARYLAND Cary UTAH 

CONNECTICUT Hanover (919) 481-4311 Salt Lako City 

Hamden (301) 796-8900 OHIO (B01) 322-4747 

(203) 288-1560 MASSACHUSETTS Dayton WASHINGTON 
Burlington (513) 435-6886 Bellevue 

(617) 273-3170 Dublin (206) 453-9944 
(614) 766-3679 

WISCONSIN Independence 
Brookfield (216) 524-5577 

(414) 782-1818 

I 

j 
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~National 
~ Semiconductor 

BELL INDUSTRIES 
Electronic Distribution Group 

1161 N . Fairoaks Avenue 

Sunnyvale, California 94089 

(408) 734·8570 

FAX NO. (408) 734·8875 


