









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FS-

Software Options

F9445
MICROFORTRAN

F9445 PASCAL

FS-I/PEP 38
System Software

FS-I/PEP 68
System Software

F16000 Cross
Software

F9445 REX

F9445 PEPBASIC

EMUTRAC Control
Software

An extended subset of FORTRANG6
that interfaces with custom F9445
assembly language subroutines.
MICROFORTRAN produces
“ROMable” F9445 code and can be
operated under the real-time
executive (REX).

A Jensen and Wirth-compatible
PASCAL. The F9445 PASCAL
compiler generates F9445 code and
interfaces with custom F9445
assembly language subroutines.

Includes F8/F3870 cross assembler
and program for downloading to the
PEP 38 system.

Includes F6800 cross assembler,
F6809 cross assembler, F6800-to-
F6809 translator program, and
program for downloading to the PEP
68 system.

Assembler, debugger, and
downloader allow the FS-| to
generate 16000 code that can be
downloaded to an F16000-based
system.

A real-time executive for
F9445-based systems. The REX
system allows creation of custom
REX programs, linkable using
RELOAD.

A diskette version of PEPBASIC
(supplied on PROM with the PEP 45
system). A 2K-word subset of BASIC,
which accepts abbreviations, that is
extendable with custom F9445
assembly language subroutines.

Optional EMUTRAC control software
packages provide support for each
processor-specific EMUTRAC
module. (Refer to EMUTRAC
Advance Product Information.)

In addition, all Fairchild software for the FS-l is
independently available without system purchase under
an appropriate software license agreement.

FS-I Command and Utility Summary

ABTOSV fs1, fs2

APpend fs1, fs2
APR/* ...
ARITH45
BACKUP
BASIC

BINCOM/* (fs1,
fs2)

CH/* fs
CLEANSE/* (fs)
ClLear

COMPILE
CONFIGURE
Copy fs1, fs2

COPYMINSYS
CP (fs1, fs2)

DElete fs*(/*)

Directory (n:)(fs*)

DUmp fs(/*)
EDIT

EDit fs
EMUTRAC T:

EXER45

Converts an absolute binary file into a
save file.

Appends a copy of fs1 to the end of fs2.
Special print routine

Tests arithmetic instructions.

Backs up a file or a group of files.
Invokes the F9445 BASIC interpreter.
Compares two or more files.

Makes an entry in the change log before
editing a file.

Removes all but the highest version of
all files.

Closes any open files and clears 110
channels.

Invokes the F9445 Pascal compiler.
Creates a custom version of IMDOS.
Copies file1 to file2.

Copies a minimum system from unit 0
to unit 1.

Copies files and compares original and
copy.

Deletes files. Allows wildcards.

Lists file(s) and chain table. Allows
wildcards.

~ Dump a file in octal or decimal.

Invokes the editor.
Edits a particular file.
Invokes EMULTRAC

Exercises the FS-I hardware.



FS-
F38ASM Invokes the F3870 cross assembler. MLIMIT Tells the IMDOS the highest location (in
lower 32K words of memory) used by a
F68ASM Invokes the F6802/F6808 cross program.
assembler.
MPMACS IN Includes file for creating manual pages.
F69ASM Invokes the F6809 cross assembiler.
OEDIT fs Examines and allows modification of
FIND/* (<in) disk files.
(>out) Gets information from a keyed source
file. ONline m,n,x,... Places devices on line and specifies
order of search.
FORMAT Prepares a disk to become a system or
data disk. OUtput fs Directs output of Llst, Directory, SPace
commands to a file.
FORTRAN Invokes the MICROFORTRAN compiler.
PASSWORDS Creates user names, sets passwords,
GET n Displays contents of location n (octal). etc. (2-only).
GOodbye Loss user out. PAUSE Halts a program and waits for a
(RETURN) to continue.
GREP/*
pattern... Finds and outputs lines that match the PEEK Examines status of the IMDOS,
pattern. including use of buffers.
HELP/* (topic)... Shows help information. PEPBUGA45 Invokes the PEPBUG45 debugger.

INput fs

LIBEDIT/* ...

List (n:) (fs*)

LISTPASS-
WORDS

LOad fs
LOGin user-
MAC/* (<in)
(>out)
MACRO/* ...
MEM45

MINIREPAIR

MISC45

Reads and executes commands from a
file.

Manipulates libraries of relocatable
binary files.

Lists files on a device. Allows wildcards.

Lists user names, passwords, default
security (2-only).

Loads a file into memory.

Loss in a user; password required.

General macro processor

Invokes the F9445 macroassembler.
Tests the FS-1 memory.

Checks and repairs directory structure
on a disk.

Tests miscellaneous F9445 hardware
instructions.

PHONE (/D) port

PRE/* ...

PUT n

PRint fs
QCOPY/* (fs)

READ.ME

RELOAD/*

REname
fs,new—fs

RESTORE

RUN fs

fs

Enables communication with a device
attached to a port.

Preprocesses file(s).

Enters octal number into memory
location opened by GET.

Prints a file on the line printer (L:).
Prints a file on the letter-quality printer.

Type this file for information about a
release.

Invokes the linker/loader.
Renames a file.

Returns programs created with
BACKUP.

Loads and executes a file.

Executes fs.SV; if no .SV, executes
fs.CM.
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FS-I

SAVE
fs,loc:....,addr

SCRIPT
in,out,los

SEcurity fsicode

SORT/* ...
SPace

STart addr

SVTOAB

TApe n(.)

TAPEREAD

Saves the contents of memory in a file.

Creates a formatted document.
Changes the security protection on a
file.

Sorts a file (about 500-line limitation).
Shows space useage on disk.

Starts a program in memory at an
address.

Converts a save file into an absolute
binary file.

Sets record length on a tape; octal or n.

= decimal.

Reads various tape formats.

9-18

TAPEWRITE Writes tapes in various formats (EBCDIC
etc.).

TErminal type Identifies terminal type to the IMDOS.

TIMER45 Runs instruction set timer.

TRANS09 Translates an F6802/F6808 source to
F6809.

TYpe fs Writes contents of a file on the screen.

TYPESET Creates a formatted document.

WRITESYS Creates/updates the IMDOS on a system
disk.

Dimensions and Power Requirements

The FS-I standard mainframe enclosure measures only
26 inches long by 19 inches wide by 13 inches high. It
requires a 115 V, 60 Hz ac power source. A 50 Hz system
is also available.
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Advance Product Information

PEP 38
Prototyping, Evaluation and
Programming Board

Microprocessor Product

Description

A single-board microcomputer for program development
timing, debugging, and emulating the F387X family of
single-chip microcomputers, the PEP 38 system includes
and F38E70 EPROM microcomputer programmer, an on-
board keypad, address and data displays. A 40-pin
emultation cable is also provided.

Features

® Full In-Circuit Emulation of the F3870 and F3872
Microcomputers

On-Card Keypad for Command and Data Entry
On-Card 7-Segment Address and Data Displays
Programming Sockets for F38E70s and 2716s
2K Bytes of 2114 Static RAM Plus Space for an
Additional 2K Bytes

Space for 6K Bytes of 2716 EPROM

2K-Byte Firmware Monitor

Flexible Memory-Map Strapping Options
Crystal-Controlled System Clocks

Four General-Purpose Programmable Timers
Four General-Purpose Interrupt Controls
Current-Loop and EIA RS232C Serial 1/0
Spare 8-Bit 1/0 Port
Requires Only +5 and + 12V Supplies
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Advance Product Information

PEP-45
Prototyping, Evaluation and
Programming Board

Microprocessor Product

Description

The Fairchild PEP-45 is a single-board microcomputer for
Prototyping, Evaluation, and Programming of microproces-
sor-based system applications using the F9445 micro-
processor. When used with the Fairchild System-| (FS-I)
development system, the PEP-45 board provides capability
for executing and debugging software directly on the F3445
microprocessor.

@ Stand-alone Prototyping, Evaluation, and Programming
Board.

© Provides a Powerful Development Tool to Support F9445
Microprocessor-based System Development.

@ Utilizes All the Advantages of the F9445 Microprocessor,
with Its Powerful Instruction Set and High Throughput.

® Memory Options for Bipolar and NMOS Memories.

© Interfaces with IEEE 796 Standard Bus..

® Buffered F9445 bus.

@ On-board EPROM Programmer.

©® Adapts to 16K or 32K Byte EPROMs or 64K Byte Masked
ROMs.

©® Standard- and High-Speed RAM Options.

® Console Commands.

©® Two Serial /0 Ports.

©® 16-Bit Parallel input/Output.

® Four Interrupt Sources.

® Five Status Lines.

® On-board +12V and +25 V Voitage Converter.

©® Requires Single +5 V Power Supply.

The PEP-45 board is primarily intended for use in hardware
prototyping and software development applications. It may
also be tied to a host computer, such as the FS-|, for large
program editing, assembling/compiling, and general file
storage and handling. Cross-assembler software packages
are available for creating machine-executable programs in
formatted form. These programs may be down-loaded from
the host computer system into the PEP-45 board via one of
the two serial I/0 channels. Since the PEP-45 board can
operate in a transparent fashion, it may be placed in-line
between the user’s in-house terminal and the host compu-
ter, giving the PEP-45 the power of the host.

Also useful for incoming inspector of F9445 parts and as a
microcomputer training tool, the PEP-45 interacts with the
user at the control terminal, with prompts that assist pro-
gramming. The control terminal may be a video terminal,
printer terminal, or from a microcomputer control console.

Software Support

In addition to serving as an efficient stand-alone evaluation
module, the PEP-45 is designed to operate as a key module
of the FS-l development system. A PEPLINK utility transpar-
ently couples the FS-| video terminal to the PEP-45 board.

A powerful PROM-based PEPBUG debugging monitor pro-
vides commands for trouble-shooting assembly language
programs and for developing and testing peripheral circuits
and custom interfaces. A PROM-based PEPBASIC language
allows programming in a high-level language.

Hardware Specifications
Microprocessor

CPU F9445
Data word size 16 bits

Instruction word size 16 bits

Address capability 128K bytes

Console controller F9470

Memory

RAM 8K bytes (4K words) static RAM
(or optional high-speed RAM)

ROM - Eight sockets for 16K bytes of
F2716 EPROMS (8K words), or up
to 32K bytes using F2732 EPROMs
(16K words), or masked 64K byte
ROMs using F3564

Expansion External memory in any combina-
tion of RAM or ROM up to 64K
bytes maximum (in 16-bit-wide
only)

Input/Output

Parallel 1/0 Two TTL-compatible, 16-bit /0
ports (one input, one output)

Serial 1/O Two programmable, asynchronous
channels, with RS-232 interfaces.
Each channel is software-select-
able to a baud rate of 110, 300,
1200, 1800, 2400, or 4800 baud

Real-Time Clock Continuously selectable real-time

clock interrupts from approxi-
mately 200 us to 200 ms



PEP-45
System Buses Power Supply
Dual backplane buses  Pl— An 86-pin asynchronous sys- Requirements? +5V 5% at 3.5 A (typ)
tem bus compatible with standard
Multibus 16-bit slave boards and Environmental
multi-master option Requirements )
P2— A 60-pin buffered F9445 bus Temperature 0°C to +50°C
that allows complete expansion of Humidity 0% to 90% (noncondensing)
processor capabilities and faster
operating speeds Physical Envelope
f : Dimensions?
1/0 buses J1— A 9-pin RS-232C serial 1/0 .
interface for control terminal Height 10.0 (254)
J2— A 9pin RS-232C second Length 12.0/(309
serial 1/0 interface for a serial Thickness 0.75 (19.05)
printer or a host computer Weight 17 oz. (approximately)
P3 — A 40-pin applications con- Notes
nectqr with two parallel |/0O ports 1. Power may be applied to the board either through the card-edge back-
(one input and one output), and plane connector or by connection of discrete wires to the board.
with status and control bits. May 2. All dimensions are in inches and millimeters (in parentheses).

be used for connection to the
microcomputer control console or
to a high-speed parallel printer
(Centronics-type)

Connectors P1— An 86-contact, double-sided Fairchild reserves the right to make changes in the circuitry
edge connector on 0.156” centers or specifications at any time without notice.
P2 — A 60-contact, double-sided
edge connector on 0.100” centers
J1, J2—9-pin, D-type subminia-
ture right-angle connectors
P3—A 40-pin, double-sided edge
connector on 0.100” centers.

Fairchild cannot assume responsibility for use of any cir-
cuitry described other than circuitry embodied in a Fairchild
product.

Ordering Data

Part Number Product Code Description

PEP 9445SFX A F944516PEP PEP-45 Board with 8K byte PROM sockets populated with PEPBASIC
and PEPBUG firmware. Firmware carries copywriter notice. Minimum of
four PROM sockets will not be populated.

PEP-45 Users Guide, PEPBASIC, and PEPBUG Users Guide supplied.

PEP 9445SXX A F944516PEP PEP-45 Board with 8K byte static MOS and eight PROM sockets not
populated. )

PEP-45 Users Guide supplied. No firmware included.

PEP 9445HXX A F944520PEP PEP 9445 Board with 8K byte high speed RAM and PROM sockets not
populated.’

PEP-45 Users Manual supplied. No firmware or users guides included.
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Advance Product Information

PEP 68 System
Single-Board Microcomputer
Development System

Microprocessor Product

Description

The PEP 68 System is a single-board microcomputer
specifically designed to aid microprocessor
hardware/software designers in designing, prototyping,
and debugging their 6802-, 6808-, or 6809-based system.
A powerful, ROM-based debugging monitor provides
commands for trouble-shooting machine-language
programs. Other monitor commands provide for easy
development and testing of peripheral circuits and
custom interfaces. The monitor includes a full
complement of utility routines to make the
hardware/software/firmware design cycles as easy as
possible.

The PEP 68 System is useful as a microcomputer
training tool. Its friendly interaction with the user at the
control terminal, through its liberal use of prompting,
makes procedures easy to learn for the beginner. The
system can be operated using only a serial display
terminal and a power supply.

Since the system possesses two separate bus
connectors, expansion with external memory or
peripheral boards is simply a matter of providing a
backplane connection. Thus, the PEP 68 System can act
as a bus master in a multicard system.

Single-Board, Stand-Alone System

Processor Options—6802, 6808, or 6809
Asynchronous Multibus* Compatible

Auxiliary Synchronous 680X Bus

Programming Socket for 2716 or 2732 EPROMs
8K-Byte System Monitor in ROM

9K Bytes of Static RAM—8K User, 1K System (Write-
Protectable Segments)

Six Sockets for User-Supplied ROM/EPROM (2K, 4K,
or 8K Types)

Sixteen Possible Memory Map Configurations
(Switch-Selectable)

Two High-Speed Audio Cassette Tape Interfaces
Two Independent Serial 1/0 Channels—RS-232-C
Independent Baud Rate Selection—50 Through
19.2K bps

Connector for Parallel Printer (Centronics Type)

Six 8-Bit Parallel 1/0 Ports Plus Controls

Three Programmable 16-Bit Binary Timers

+ 5 Volt-Only Operation

*Multibus is a trademark of Intel Corporation.
e
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PEP 68

Block Diagram

CRT Terminal Secondary Channel
C [
System j
Clock CPU RAM ROM/EPROM m Sul
Circuit 6802/6808 9K Bytes 12-24K Bytes Vo
or 6809 (2114s) (6 Sockets) hamlol hannel 2
Muitibus t f T
Edge Chip
Connector Select Baud Rm !nud lat-
[_suter| m-c )
us ‘
< mm- stem
& II @ @
Auxlllary 6821 EPROM 6821
Sy‘n:r rgdn:.u .. Two I/0 Progrlmmlng Two /0 T\vo IIO Thm
Connector Ports Ports Ports Timers
Casnm General Purpose I/0
Interface
Parallel Printer
Connector 1/0 Edge
{(Also for General- Connector
Purpuse 1/0)

Hardware Description

The PEP 68 System is a single-board, stand-alone
microcomputer utilizing either a 6802, 6808, or 6809
microprocessor as its central processing element. The
system may be connected to a larger, host computer
system to utilize that system’s file storage; editing, and
assembling capabilities. Thus, source language
programs can be created, edited, and assembled on the
host computer system using PEP-UP cross-assembler
software packages. The resulting machine-language
programs can then be downloaded into the PEP 68
System on-board RAM, executed, and debugged.

Dual Bus Interfaces

The PEP 68 System can also serve as the central
processor in a multiboard system with connections to
peripheral boards accomplished via a bus interface and
the cardcage backplane. It has two separate bus
interfaces: one synchronous and one asynchronous. The
synchronous bus interface includes the system CPU
signals and allows for expansion using synchronous

680X peripheral boards. The asynchronous bus interface,

on the other hand, allows for system expansion with
peripheral boards that use the industry-standard
Multibus interface. The asynchronous aspect is
accomplished by stretching the CPU’s system clock.
/Both bus interfaces on the PEP 68 System can
simultaneously connect to external peripheral boards.
However, the PEP 68 System can be the only master
central processor board in the system.

Memory

The PEP 68 System contains 8K bytes of on-card static
RAM storage for user application programs. Each
4K-byte segment can be separately write-protected by
means of either an on-card switch or by signals at the
bus edge connector. There are an additional 1K bytes of
RAM for use by the board’s ROM monitor. A total of six
ROM or EPROM sockets is provided on-board. Each can
be jumpered for either 2K, 4K, or 8K-byte devices, i.e.,
many of the various 24-pin ROMs or EPROMs. Normally,
one or two of these sockets contain the FAIRBUG/68
monitor ROM, but if desired, they can be used for user
code instead.
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All on-board memory and /O address decoding is done
through the use of a bipolar PROM. This PROM and the
four DIP switches tied'to it allow the user to select one
of 16 different memory map configurations depending on
system requirements. This feature is especially useful
during the program development phase of a project since
the user’s code can be resident in either RAM or EPROM
and can be relocated with a switch change.

Serial 1/0 Channels

The board contains two serial 1/0 channels. Both
channels are general-purpose and may be used with any
serial RS-232-C device. One channel is normally used for
communication with the user’s control terminal; while
the second channel would normally be used for the
interface to the host computer system. However, this
second channel could be used for any serial 1/O use,
such as a printer or modem. The RS-232-C interfaces
generate their own +12 and — 12 volt levels. Thus no
additional supplies, other than the +5 V. supply, are
required.

Each channel has a separate baud-rate clock circuit in
which the baud-rate is hardware switch-selectable. This
allows very fast communication with a local command
terminal on channel 1 and communication with a slower
speed device such as printer, modem, or phone link on
channel 2. Allowed baud rates on each channel are 50,
110, 150, 300, 1200, 1800, 2400, 4800, 9600, or 19,200 bps.

Parailel 110 Ports and Programmable Timers

The PEP 68 System has six |/O ports and associated
control signals that can be used for general-purpose
input/output. Four ports are available at the top card
edge connector, while the remaining 2 are accessible via
a special plug-in connector. The latter two ports can be
used optionally for driving a high speed parallel printer
with a special cable that attaches to the board through
the plug-in connector.

The signals and controls associated with the three
binary timers are accessed via the card edge connector.
Each of these three software programmable timers is 16
bits long and can be operated in several different modes,
including continuous, single-shot, frequency comparison
or pulse-width comparison modes.

Audio Cassette Tape Interfaces

There are provisions on the PEP 68 System for
connecting two audio cassette tape recorders for storing
and retrieving user’s applications programs. The

interfaces are driven by code contained within the .
monitor, thus minimizing the required hardware circuitry.
The recording format is a self-clocking method that
allows synchronous data transfers rates of up to 2000
bits per second. Connections between the recorder and
the board are made with subminiature phone jacks..

EPROM Programming Socket

The PEP 68 System provides a zero-insertion-force
socket for electrically programming 2716 and 2732 type
EPROMs; therefore, the user’s application programs
residing in RAM can be preserved by “burning” the code
into an EPROM. Subsequent execution can be from-
either RAM or EPROM. The programming socket is
driven by signals from three of the six- on-board 1/0
ports. The monitor provides commands to perform the
following: blank check tests, copy EPROM contents to
memory, verify EPROM contents against memory,
program any portion of EPROM, and masking non-blank
EPROMSs against code in memory.

Software Description

Display.or Alter any CPU Register

Display or Alter any Memory Location

Display a Range of Memory

Display the Previous (or next) Location in Memory
Rapidly Input Consecutive Data Strings to Memory
Find (search for) the Address of the Next Occurrence
of a Specified Data String

Fill a Range of Memory with a Given Data String
Move (Copy) a Block of Memory from One Address
Range to Another Address Range )

Go to an Address and Begin Executing a User
Program

Load a Formatted File from Either Serial Channel
with an Optional Address Bias (Multipie Formats
Allowed) ) )

Punch/Dump a Formatted File to Either Serial
Channel with an Optional Address Bias (Mulitiple
Formats)

Compare Two Memory Ranges for Differences
Calculate Checksums Over a Range of Memory
Insert a Program “Patch” )
Disassemble Machine Code into Assembly
mnemonics

Set, Clear, and Display up to 8 Address Breakpoints
Remove all Breakpoints Temporarily and Then Be
Able to Restore Them Intact .
Continue or Resume Execution After a Break Occurs
or After Stopping or Tracing

Calculate Relative Branch Offsets and Perform
Double. Precision Hexadecimal Arithmetic
Program 2716 or 2732 Type EPROMs
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® 32 User-Definable Functions ® Transparent Mode Operation for Conversing with a
® Examine/Alter 1/0 Port Bits : Host Computer from the Same Command Terminal
® Single-Step Program Execution Through NN ® Echo Incoming Data from Either of the Serial
Instructions of a Program 1/0 Channels to the Parallel Printer Port
o Step Through Instructions Conditionally Until ® Echo Monitor Output to Parallel Printer Port for
Specified Condition is Met Hardcopy of Mt?nltor Output
® Trace Through NN Instructions Displaying the CPU ® Enter ASCII Strings to Memory
Registers After Each Instruction ® Print ASCII Strings from Memory
® Trace Through Instructions Displaying CPU Registers ® Keyboard Test Mode
After Each Occurence Until Specified Condition
is Met N
Applications
Low-Cost Development System
HIGH SPEED

MODEM/
ACOUSTIC COUPLER

PARALLEL PRINTER

APPLICATION
/O CIRCUITS

CASSETTE
TAPE
RECORDER 1 CASSETTE
TAPE
RECORDER 2

F68 PEP SYSTEM

USER'S COMMAND
TERMINAL

HIGH SPEED
PARALLEL PRINTER
APPLICATION
1/0 CIRCUITS
HOST
COMPUTER
SYSTEM
F68 PEP SYSTEM
AUXILIARY
TO ASYNCHRONOUS TO BUS SYNCHRONOUS
USER'S COMMAND BUS BACKPLANE BACKPLANE
TERMINAL

[ J




PEP 68

Dedicated Use

2 SERIAL I/0

CHANNELS _"—i

6 PARALLEL /0

PORTS PLUS
I 3 TIMERS

TO ASYNCHRONOUS
BUS BACKPLANE
(OPTIONAL)

F68 PEP SYSTEM

TO SYNCHRONOUS
BUS BACKPLANE
(OPTIONAL)

(s

Multi-Bus Card Cage Use
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Hardware Specifications Timers

Hardware Specifications

Microprocessor
CPU
Data word size

Instruction word
size

6802, 6808, 6809
8 bits (1 byte)

6809: 1-4 bytes 6802/6808: 1-3 bytes

3 Binary Timers

Three separate 16-bit binary
counters

Each independently software
controlable and readable

Each with external clock and gate
controls for frequency and pulse-
width measurements

Each with a counter output pin

Cycle time 1.0 us Interrupts
System clock 4,000 MHz Hardware
Address 65,536 bytes
capability
Memory
RAM 9K bytes, static
2114 RAM on-board
ROM Six sockets for 24-pin ROMs or
EPROMs. Accepts device types:
2516, 2716, 2532, 2732, 68316, 68332, Software
68364, or 68764 (i.e., anywhere from
2K to 48K bytes of ROM)
Expansion External memory in any combination
of RAM or ROM up to 64K bytes
maximum
Input/Output
Parallel 1/0 Six TTL-compatible, bidirectional
8-bit I/O ports with two port controls
each
Serial 1/0 Two programmable, asynchronous

channels with full RS-232-C
interfaces -

Each channel is double-buffered and
has independent switch-selectable

baud rates of 50, 110, 150, 300, 1200,
1800, 2400, 4800, 9600, or 19,200 bps
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One non-maskable interrupt line
available at both system bus edge
connectors (wired-OR to the Restart
pushbutton switch for initiating
manual interrupts)

One maskable interrupt line for fast
interrupt response (6809 only)

One maskable 1/0 interrupt line
Software interrupts available:

1 for 6802/6808
3 for 6809



PEP 68

System Busses

Dual Backplane
Busses

/0 Busses

P1—an 86-pin‘asynchronous system
bus compatible with standard
Multibus slave boards (multi-master
options. not supported)

P2—a 60-pin synchronous MPU bus
that allows complete expansion
capabilities and faster operating
speeds

P3—a 60-pin applications bus with
four parallel |/O ports with controls,
plus three sets of counter controls
for the three on-board binary timers

P4—a 25-pin applications connector
with two parallel |/O ports with
controls; can be used for connection
with a high-speed parallel printer
(Centronics type)

P5—a 9-pin RS-232-C serial 1/0
interface

P6—a 9-pin RS-232-C serial |/O
interface

Connectors

P1—86-contact, double-sided edge
connector on 0.156" centers

P2—60-contact, double-sided edge
connector on 0.100” centers

P3—60-contact, double-sided edge
connector on 0.100” centers

P4—25-pin, subminiature D-type
right angle connector

P5, P6—9-pin, subminiature D-type
right angle connector

9-29

Power Supplies

Requirements

+5Vy, £5% @ 2.5 A (typ)

+25 V4. @ 30 mA (typ) (used for
EPROM programming only)

Environmental

Temperature 0to +50°C

Humidity 0 to 90% (noncondensiﬁg)
Physical

Dimensions?

Height 8.0 (203.2)

Length 12.0 (305)

Thickness 0.672 (17.1)

Weight 17 oz. (approximate)

Notes

1. Power can be applied to the board either through the card-edge

backplane connector, or by connection of discrete wires to the on-

board screw-down terminal strip.

2. All dimensions in inches bold and millimeters (parentheses)
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Ordering Information
Order Number Description

PEP680XCSD PEP 68 Single Board Development

System

NN = without cross-assembler

specifies CPU type
8 =6802/6808 CPU or
9=6809 CPU

for Intel MDS systems
(single density floppy disk)

for Intel MDS systems
(double density floppy disk)
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Relocatable Macro Cross-Assembler Software Packages
for F6800, F6801, F6802, F6803 Using
Intel MDS-800 Series Development Systems

The PEP 68 System is available with cross-assembler
software packages that allow users of Intel development
systems to do software development for F6800, F6801,
F6802, and F6803 CPUs on their own systems. The cross-
assembler software package is compatible with both the
Motorola and Fairchild language syntax. Useful features
similar to those of the 8080/8085 Assembler are included
to provide systems compatibility.

The assembler accepts the user’s source program as
input and translates it into machine-executable code.
Relocatable object modules are linked together into load
modules and then into execution modules under the
ISIS-1l operating system. Application programs can then
be downloaded in a formatted form through a serial port
to the PEP 68 System’s on-card memory. Now the
program can be exercised and debugged using the
FAIRBUG/68 debug monitor.

680X Cross-Assembler Software Package
Intellec 800 and 888 Series Il Compatible

Full Macro Capability

Expanded Relocation Capability

Expanded Assembler Directives
Comprehensive Conditional Assembly
Includes Logical, Comparative, and Expression
Truncation Operators
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Software Packages

Microprocessor Product

Several software packages are offered by the
Microprocessor Division for the system developer. A brief
description of each one follows.

F8 Formulator Disk Operating System Version 4.0 (DOS4)

The Formulator Disk Operating System version 4.0 (DOS4)
provides the F8 or F387X system developer with a complete
set of tools for software development including source pro-
gram editor, relocatable assembler, linking loader and in-
teractive debugger. Also included are many utilities for effi-
cient use of the floppy disk subsystem and support for a
number of other standard peripherals. The DOS4 is an im-
proved and streamlined version of the F8-D03 with added
capability and greater ease of use.

FAST Software Debugger

The FAST software debugger (FSD) is a fast software
debugging monitor for F8/F387X microcomputer systems
programs. Its speed and ease of use meet or exceed any
other method of debugging F8/F387X programs.

The FSD is designed for use with the Fairchild F387X pro-
gramming, evaluation, and prototyping (PEP) board. It
replaces the PEPBUB monitor chip provided with the board
and allows all operations to be performed through a CRT
terminal rather than through the PEGBUG keypad. It does
not support paraliel paper tape 1/0.

FAIRBUG

A special Debug ROM 3851A PSU provides the F8 user with
a convenient and powerful programming debug facility that
is used in the development of F8 programs. This debugging
program (FAIR-BUG) provides the user with an interactive
system via a teletype terminal. The following capabilities
are provided:

Display or Alter Memory locations

Display or Alter Scratchpad Registers

Display of Alter Accumulator, ISAR,

Status (W Register)

Display or Alter PC0O, DCO, DC1

Load Formatted Paper Tape

Punch Formatted Paper Tape

Punch Paper Tape in PROM Format

Entry from Keyboard or by Program Instruction

110 Subroutines available to user

F8/F3870 PEPBUG

A special F38T56 PSU with a debug monitor (PEPBUG 38)
has been developed by Fairchild to provide the user with a

convenient and powerful programming debug facility to aid
in the development of F8 or F387X programs. The debugg-
ing program provides the user with an interactive system
via a teletype terminal or via a 4 x 6 keypad. This is the
standard debugging aid provided with the PEP 387X
development board.

Minicomputer F8/F387X Cross Assembler

The Fairchild F8/F387X Cross Assembler is designed for
use on any 16-bit word length minicomputer with an ANSI
FORTRAN |V Compiler. The Cross Assembler is indepen-
dent of machine character representation and numerical
representation. Minor alterations may be required to satisfy
various Computer/Operating System/Peripheral

Device combinations.

Installation and modification of this program should be per-
formed by a programmer who is quite familiar with
FORTRAN IV and with the hardware and software con-
figuration of the target computer. Under such cir-
cumstances, installation can probably be completed in one
or two days.

F9445 BASIC Language Package

The Fairchild BASIC language interpreter for F9445-based
systems is specifically tailored to high-performance
microcomputing, providing a powerful, interactive program-
ming language that can be used to solve a wide range of
application problems. It incorporates extensions of and
modifications to the BASIC language originally developed
at Dartmouth College. The Fairchild enhanced BASIC in-
creases the capability and flexibility of the language with a
complete set of data types, additional statements and func-
tions, comprehensive data management facilities, file
management an /O control and multi-dimensional array
capabilities. Interface to custom F9445 assembly language
programs is also provided. The BASIC language is fully sup-
ported by the F9445 Interactive Multi-User Disk Operating
System (IMDOS), which allows full use of the extensive
operating features of IMDOS, such as independent 1/0O and
the ability to dynamically create, access, and delete files.

F9445 PEPBASIC Language Package

The Fairchild PEPBASIC, designed to reside in a 2K PROM,
retains the essential simplicity and computational power of
BASIC. PEPBASIC provides a unique capability to extend
and customize programs, either through enhancements
written by the user in F9445 absolute assembly language.
Versatile applications like real-time process control, data
acquisition, or math packages can be created, based on the
general-purpose facilities available within PEPBASIC.
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Software Packages

F9445 PEPBUG Package

The Fairchild F9445 PEPBUG package is the interactive en-
try and debugging software for use with the F9445 family of
microprocessor products. The PEPBUG 45 software
package creates a versatile and efficient control environ-
ment, enabling the user to enter and test F9445 absolute
assembly language programs interactively. It is unique
among the programs offered with the F9445 family in that it
gives the user control of the microprcessor through a video
terminal, provides many different capabilities in a single
stand-alone mini-executive program, and occupies a
relatively small amount (2 thousand bytes) of memory
space.

F9445 PASCAL Language Package

The Fairchild F9445 PASCAL package is a high-level
language suited to the development of microcomputer soft-
ware because of its strong and logical control structures
and its versatility in handling data. Fairchild PASCAL is
designed to solve complex problems using such modern
language concepts as variable data types, including
records, sets, scalars, and others. Interface to custom
F9445 assembly language subroutines is provided.

PASCAL offers highly structured techniques for organizing
and coding programs so that they are easily understood
and modified, which allows cost-effective software
development.

F9445 Instruction Timer

The Fairchild F9445 Instruction Timer (TIMER45) software
operates in the F9445-based systems, reporting the time
needed to execute each class of CPU instruction. It uses
the 1/0O terminal device as the standard to measure the
times and report the results. The timer is most useful for
detecting the execution speeds in mircroseconds for over
60 representative instructions, to optimize the design of
F9445-based systems. It also serves as a diagnostic tool in
detecting clock drift.
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To time an instruction, a short loop containing the instruc-
tion is executed and its time lapse compared to a null (no
instruction) loop, during the transmission of one character.
The I/O terminal displays the resulting times. The user
specifies the Baud rate of the I/O device at program
execution time in reponse to a program prompt.

F9445 MICROFORTRAN Language Package

The Fairchild MICROFORTRAN package is a ligh-level
language compatible with the F9445 microprocessor based
family of products, providing a powerful too| for structured
program development. Subroutines and functions are in-
dependently compiled, and translated into relocatable ob-
ject modules that can be linked in any combination,
according to commands given at load time. Interface to
custom F9445 assembly language subroutines is provided.

F9445 Tests Package

The basic diagnostic package for the Fairchild F9445 family
of microprocessor products contains seven programs: a
memory address test, a memory test, a system exerciser, a
memory diagostic, and three F9445 instruction set tests.
These disk-based programs enable the user to identify and
isolate faults in the CPU, memory, and certain I/O sub-
systems of F9445-based systems. Versions of several of the
tests also test the Fairchild System-| (FS-I).

F9445 Interactive Multi-User Disk Operating
System (IMDOS)

The Fairchild F9445 Interactive Multi-User Disk Operating
System (IMDOS), customized for high-performance
microcomputer systems, offers extended file management,
timesharing, device-independent input/output, system pro-
cessors such as MACRO assembler and a utility library.
F9445 PASCAL, F9445 BASIC, and MICRO FORTRAN com-
pilers are also fully supported. IMDOS is also the principal
operating system for the Fairchild System-| (FS-I).
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A Matrix Printer Controller
Using The F8 and
F3870 Circuits

The multi-chip F8™ microprocessor-and single-chip F3870
MicroMachine™2 microcomputer have become popular cir-
cuits for control applications. Inexpensive and easy to use,
their instruction sets and architecture combine to give the
modern system designer NMOS LS| power and flexibility.

The architecture -of the F8 microprocessor is designed to
implement |/O-intensive applications. The memory address-
ing registers, the 16-bit program counter, and the data coun-
ters are located in the Program Storage Unit(PSU). The PSU,
as well as the other F8-system peripheral circuits, is driven by
the Central Processing Unit (CPU) with micro-instructions
communicated over the five control lines (ROMCo-ROMC4)
and is synchronized by a Write signal. The unusual partition-
ing of the CPU and PSU chips frees many pins normally
needed for address bussing for use as I/0 lines and provides
room for a 64-byte scratchpad memory on the CPU chip. No
matter how much memory is contained in the system, the
number of I/0 lines remains fixed at 16; therefore, the num-
ber of pins available for useful functions does notdiminish as

memory size increases.

The F8 microprocessor can address up to 64K bytes of
program and data storage. Each peripheral controller can
easily be implemented as a subroutine within the PSU and,
depending upon the desired configuration, the required PSU
can be plugged in to provide a modular, flexible system.

The F3870 MicoMachine2 is a complete 8-bit microcomputer
on a single MOS integrated circuit. It features 2048 bytes of
ROM, 64 bytes of scratchpad RAM, a programmable binary
timer, 32 bits of 1/0, and has a single +5 V power supply
requirement. The F3870 can execute the F8 instruction set
and can easily be interfaced with any microprocessor system
through the 1/0 ports by properly defining command, status,
and data lines, making it a universal controller.

MATRIX PRINTER CONTROLLER
A matrix printer controller can be constructed using either
the F8 microprocessor (Figure 1) or the F3870 microcom-

3851 1K x 8 PSU*

4.7k

1Y
[ HOME
1
2N44d01
DATA
BUS
et -
3 REV
S 20
ROMCo— g
ROMC4 TR
CIRCUITS
PU— 23| TWD.
wae ! MATRIX
TO/FROM 5V PRINTER
cpPu
DBDR —] 11 ~ — a7k
.| ENEFEED AT o
PRTIN ——| 10 'j
— 19 INA— — out A —
PRI OUT w—] 6 T - oA =
(-3
INT REG +——— 9 g > 7 INC—] 9667 —out ¢ 7 —
30 —] paruinGgTON | ]
——<——<{ IND el oUTD Pl
3 IN E —] —outE —
EXTINT ——>|5 - e oure -
i ING — —out G —

*Other PSUs available are the 3856 (2K x 8 with 1/0) and the 3857 (2K x 8 with address bus).

Fig. 1 Matrix Printer Controller Using the F8 Microprocessor
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F3870 Tk
MICROCOMPUTER y
+5V —'\/\/v—l
— — —
RESET —————»} 39 1 jHome
—_— P1, )
BUSY +—"—]35 2N4401 j————‘
— P1g w =
READ STATUS — | 34 =
& 20| REV
— Py - e
CLEAR BUFFER —————— 25 E TRIAC
‘ ? CIRCUITS
SR 16 ———
—_—
PRINT 2 25 | P90
P L
TINE FEED —— 5 ] 23 5V MATRIX
— rk J) PRINTER
o _— :
TOAD BVTE ——— 1 ) 22 2 JLINE FEED A K veao
‘I < 19 INA —] —out A —
g 2 INe —] —out s —
°
DATA BUS £ & 2 7 INC —] 9667 —outc 7 —
(1/0 PORT 0) 9 20f >——><——( IND—] DARLINGTON |_oy7p » et - { —
J 31 INE —] | —oute -
BIT | COMMAND 3 INF— [—outr ]
2 Teusy 37 ING —] |—outa —
3 | READ STATUS =
4 LOAD BYTE
5 LINE FEED
6 PRINT
7 CLEAR BUFFER
Fig. 2 Matrix Printer Controller Using the F3870 Microcomputer

puter (Figure 2). In the F3870-based controller, the following
commands are used to perform the control functions:

CLEAR BUFFER - stores zeroes in the 40-character print
buffer contained within the scratchpad RAM.

PRINT - causes the contents of the print buffer to be
printed. Error status if the head motion is not correct.

LINE FEED - advances the paper to the next line.

LOAD BYTE - takes a byte from the data bus and places it
next in the print buffer. Error status if the buffer is full.

READ STATUS - places the status on the data bus and
clears the status byte. The statusis held on the bus until the
command is taken away, at which time the port is cleared
for reading again.

In all command sequences, the F3870 microcomputer pre-
sents BUSY until the command has been performed or until
status is stable on the data bus.

The current requirements of the matrix printer solenoids are
met by a suitable driver, such as the 9667 Darlington driver
circuit with seven drivers and built-in back-emf suppression
diodes. The 9667 interfaces directly with the F8 microproces-
sor and F3870 microcomputer ports.

The line-feed drive solenoid is implemented as a pnp power
transistor (TIP 30), the base drive of which is supplied directly
from the 1/O port. The HOME phototransistor in the matrix
printer supplies base current to a simple 2N4401 npn transis-
tor, which saturates, providing the Home signal to the con-
troller. The forward and reverse triac drives are provided
across 100 Q resistors from +5 V (Figure 3). A TTL gate is
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used to hold the gate current off and provide a low-impe-
dance path to ground. This provides good noise immunity to
prevent turn-on of either triac by noise.

SOFTWARE DESIGN
The matrix printer controller software can easily fit within a
3851 PSU with 1K x 8 bits of ROM and 16 1/0O lines.

The timing can be done by software loops without using the
timer. This is the easiest technique, but suffers from the
drawback that the whole system is tied up during the printing
of an entire line. A more sophisticated technique, employed
in many real-time control systems, is to make each timing
control event a discrete event entered into a table controlied
by the real-time monitor.

The software has three entry points:

The initialization entry point(address H'00B1"), which fires
the reverse triac, turns off the paper-feed solenoid, and
returns the print head to the home position.

The line-feed entry point (address H'00CF"), which ener-
gizes the paper-feed solenoid for 30 ms and then turns off
the solenoid.

The print entry point (address H'0065), which fires the
forward triac, prints the line of characters, fires the reverse
triac, and then does a paper feed.

Access to this software is accomplished by loading the
registers with the required parameters and executing a “call
to subroutine immediate” (PI) instruction to the appropriate
entry point.

The subroutines to control the matrix printer head motion
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Fig. 3 Forward Triac Interface Circuit
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and printing functions are listed in the appendix. These
would be used alone in a 3851 PSU with other F8 system
circuits or as part of an F3870 universal controller. The
control program for the F3870 microcomputer and its sub-
routines are listed in the appendix.

FORWARD MOTION CONTROL
The forward triac is fired by setting bit 1 in output port 5:

LIS 2
ouTs 5

All other bits in port 5 should be cleared so that it is not
necessary to OR bit 1 to the port. The Home signal is con-
nected to port 5 bit 7 and active High (+5=Home). This makes
use of the fact that the F8 system input instructions also set

the status register. A test for minus then detects when Home
becomes false:

INS 5
BP -1

INPUT & SET STATUS
LOOP UNTIL “HOME” IS FALSE

However, it must be determined if the forward motion fails for
some reason. Therefore, the system does not loop indefinit-
ely but, rather, sets up two counters and waits only 1.5
second, see program segment A.

PRINT SOLENOID CONTROL

Once the Home indications goes false, the system fires the
print solenoids, waits 650 us, turns off the solenoids, and
waits 700 us for each of the five columns forming the charac-
ter, see program segment B.

Segment A

CLR
LR 0.A
LR 1,A

PRDR20 INS 5
BM PRDR30 | 24 us x 256

=59 ms
0S 0 155
BNZ PRDR20
DS 1
BNZ PRDR20
CLR
ouUTs 5 TURN OFF FWD TRIAC
LIS 2 SET ERROR FLAG
LR ERR,A
BR EXIT
Segment B

PRDR30 LM LOAD FIRING PATTERN
outs 4
Ll 186
INC l 9 us x 70 { 645 us "ON TIME"
BNZ "1 =630 ps
CLR
ouTs 4
LI 180 l
INC } 9 us x 76
BNZ 1 =684 pus 698 us “OFF TIME”
DS EOC
BNZ PRDR30




REVERSE MOTION CONTROL

The forward triac is turned off and a 10-ms delay initiated to
allow sufficient time for the triac to stop conduction (one-half
cycle is 8.3 ms). The reverse triac is then fired and the
program loops until Home becomes true. Again, there is
some error control in the event that something prevents the
print head from returning to the home position, see program
segment C.

LINE FEED CONTROL

The line-feed solenoid can be turned on for only 30 ms;
beyond that time, damage may be done to it. Setting bit 7
turns on the solenoid:

L H'80’

ouUTs 4 TURN ON SOLENOID
LIS 10 ‘

LR 1.A

DS 0 ' :

BNZ o 30 ms DELAY

DS 1

BNZ 4

CLR

ouTs 4

TURN OFF SOLENOID

CHARACTER SET TABLE

Accessing tables of data with the F8 microprocessor and
F3870 MicroMachine 2 microcomputer is easy and efficient.
The data counter is loaded using the “load dc immediate”
(DC) instruction. The “add accumulator to data counter”
(ADC) instruction allows a signed 8-bit value contained in the
accumulator to be added to the data counter. When the data

is loaded from the table, the address is incremented by one,
pointing to the next value in the table.

The table is organized so that the first bit pattern is addressed
by pointing to the beginning of the table and adding the
ASCII character to the data counter five times: ‘

DCI BIT PAT TABLE ADDRESS
ADC POINTS TO

ADC THE Nth

ADC ENTRY IN A

ADC FIVE-BYTE-

ADC WIDE TABLE

Since the first 32 ASCH characters are not used inthis niat}ix
printer, the actual program subtracts 32 from the ASCII
character before adding it to the data counter five times.

CONCLUSION

The F8 instruction set has been shown to be ideal for control
applications, such as the matrix printer controller described.
Of particular note are the input/output instructions that set
status, and the table look-up instructions that allow fast
access to tables of any length and do not place any con-
straints on the location of tables in memory.

The F3870 microcomputer has been shown to be ideal for use
with any microprocessor system as a universal peripheral
controller. This is accomplished by interfacing through the -
input/output ports, which gives the system desngner great
flexibility in his system configuration.

Segment C

CLR TURN OFF FWD TRIAC
ouTs 5
LIS 3
LR 1.A
gf,z 9_, 10 ms DELAY
DS 1
BNZ 4
LIS 1 TURN ON REVERSE TRIAC
ouTs 5
CLR CLEAR COUNTERS FOR TIMEOUT DELAY
LR 0,A
LR 1.A

PRHO10 INS 5
BP PRHO20
DS 0
BNZ PRDO10
o8 j 15 s TIMEOUT
BNZ PRHO10
LIS 1 SET ERROR STATUS
LR ERR.A

PRHO20 LIS 3
LR 1A 10 ms DELAY
DS 0
BNZ 1
DS 1
BNZ 4
CLR TURN OFF REVERSE TRIAC
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0Ec 0188 FRIEZ0 SET MEXT EIT FATTERN
o 2074 01E7 115 DELAY 1350 MICROZECE
003F 1F n1&2
O0AR0D 24FE O03F 01&3 EMZ *-1
ooRs 34 a1vao nz EVYTEZ: TEET FOR END-OF-LINME
O0AZ F4C5 oos3s 0171 BHZ FROR1O SET MEXT BYTE TO FRINT
anARsS 70 mve CLR TURM OFF FORWARD TRIAC
O0ARS ES 0172 guTsE S
QDAY 732 0174 LIz 2 DELAY 10 MILLIZECE



FORMULATOR FDOZ AZZEMELER

RE LOC OBJECT ADDR LIME

0oRs 51

oA
O0AA
O0AC
O0AD
00AF

00nEel

noez
ooR:2
00E4
ONES
C00ES
angv?
S O0OES
Q0OEBA
OOEER
O0EBD
OORE
ansn
oocl
]
nocgd
oncs
00CE
oocy
30C3
a0ocH
ooco
0ocD
00OCE

Q0CF
aono
00Dt

oapbz 2

onng
0ons
ooms

aony

oopsa
(]
00aDE
0onD
00DE
0anF

20
I4FE
21
J4FER
2002

=
o

Q]

RN | B e S S | IR

m =
=] =]

n
o

m
m

D= - R IV UR U RPN ) RS O Y (TR COY C R PE RV PY B e (R ) B I~ =)
l
=]

DR R N = PR I (TR TS e 23

I4FE
21
I4FE
U
B4
o

o
—

nocE
OnEv

Q0BT

oony

anon?

m7vs

017e
B S
[ Bra=]
(D ]
a1z0
0131
0132
1=z

nznt
aena
naoz
n2ag
o205
n20s
n20v
oz
nzos
azin
0211
nz1e
021z
214
0215
na1s

017

=
LRI s CR I ST (TR

Mo o Fo Do o g Mo Fu
M M2 P Mo Mo T T Do T

==

APPENDIX

CREY 2. 00

L 2K 2K JK 2 J

FRHOME
*

EZOURCE ETATEMENT

LR 1A
Dz a
EMZ -1
Iz 1
EM2 *-3
ER FRHOOS -

LR P

INITIALIZATION EMTRY POIMT.
EMTER HERE AT THE

ZAVE RETURM ADDREEE

+ ENTER HERE TO RETURM FRIMT HEAD HOME

+*
FRHOOS

FRHOL G

FRHOZO

*

+ LINE
»
LFOO

L1z

FRHOZO
i
FRHOLO
1

FRHOLD
As ETATUE

LIz ]
L 1sA
0= 0
BMHZ *-1
ks 1
EMZ *-4
LR

guTz 3
Pk

FEED EMTREY FOINT

LR P
CLR
ouTs 3
LI H 3
auT: 4
LIE 1
LE 1s
o n
ENZ *
ek 1
EMZ *
CLR
gurz 4
Fk
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FIRE REWERZE TRIAC

WARIT FOR “HOME”

HEAD DID HOT RETURN

DeElAY 10 MILLIZECE

TilRH OFF -
REY TRIAC
RETURM

CTURM OFF TRIACE

FIRE LIME FEED

DELAY 20 MILLIZECE

TURM OFF LIME FEED

RETURM FROM ZUBROUTINE

IZTART OF THE MAIM PROGRAM
JUET TO EMEZURE THAT THE PRIMT HEARD I1: HOME.

HOME



APPENDIX

FORMULATOR FDO: AZZEMBLER (REY 2.00

RE LOC DRBJECT ADDR LINE SO0URCE STRTEMENT
o230 EJECT
n221 e
0232 + TABLE OF BIT PATTERN: FOR CHARACTER 3ET.
0233 &
00EQ 00 0234 EBITPAT oc H 00~
00E1 00 0235 nc H 00~
00E2 0D a232s j H 00" o
D0E3 00 n237 oo H” 00~
Q0E4 00 0233 D H o0
0233 e
00ES 00 0240 o H 0o
00ES 00 nc41 D H 00~
QDE? 7D 0242 D H"FD~ *0000 » 4 3
Q0E3 00 0242 o H 00
QOE? 00 DEEE) nc Hoon~
0245
QOER 00 =8 1) oc Hoan
ODER &0 0247 onc H a0 .
QO0EC 00 243 nc H 00" L]
Q0ED &0 0243 oo H &0~ ..
QOEE 00 0250 nc H 00~
n2s1 e
O0EF 14 25 nc H 147 LR 4
aoFn 7F 02353 (s H"FF~ 000000
0oOF1 14 0254 nc H 14~ LR 4
aoF2 ?F 0255 nc H FF~ 000000
00F3 14 25E nc H 14~ . »
0257
ooFg 12 0252 nc H12" * »
QOFS 2R n2s? il H 2R LR 4
aaFe FF 02an nc H 7F~ 080000 [ 3]
00F7 2A 02e1 nc H 2R~ * e
aoFz 24 n2e2 nc H a4~ *» o
02e2 e .
aoF? &2 n2eg o H'&2" .. -
0OFA %4 02es nc H 54" *» o
00FB 02 02e8 D H 037 * (3}
OFC 13 02a7 j U H 13 LR 2 4
aoFD 23 n2es oc H 22" * *e
n2e3 o«
QOFE 3% 0270 nc * e
DOFF 43 027l nc * o+
0100 25 neve oo * ikl
0101 02 0273 nC *
o102 as 0274 I ..
027S e
0103 oo 027e nc Hoon~
0104 &3 0277 nc H"&aa~" . o
010s 70 0273 D H 70~ s (S
0105 00 0273 oo H0on"
0107 00 o220 D Hoon"
0231 e
0102 00 0232 nc H oo7
0103 1C 0233 JU H71Ce *ee
o1oR 24 0224 nc H 24" * - O
010BR 42 0235 oc H 42~ * *
010C 0o 023s hilns H o0~
0237
010D 00 0232 D H o0~
010E 42 0233 D H 42" . *
D10F 24 ag3n piis H 24" * * (9

10-13



APPENDIX

FORMULATOR FDO: ASZEMELER <REY 2.0

RZ LOC OBRJECT RDDR LINE SOURCE STATEMENT
0110 1 naa - b H 1C” s
0111 a0 n2a3z nc H o0 :
023z
011z 0 =294 o H o0&~ *
0112 2R 0235 o H zR”" > o0
0114 1C nase D H 1C7 . »o0 3]
0115 2A 0237 D H"2R" e
011e 02 N2 o Ho oz -
[iF »
117 oz 0z oo H* *
0113 02 0 jUM H" 03 *
0113 FF nC HFF~ 000000 DE ]
011AR 02 o H o0&~ -
O11E 0= JUM H & *
o30S«
011 a0 0208 o H"
011D oD JUs H 0 . .
011E 0E D H 1 22 e
n1iF oo D H
a1a0 00 o H
*
0121 0z D K .
t1z2 02 il H *
0123 0= 4 D H° . P
0124 03 S Do H- -
n12s 02 = nc H- -
7.
a1zs 00 @ JUM H"
0127 oz nc H- 1 ..
n1es 0z oo H- P
0123 00 JUN H-
01zA o0 oo H 0
.
n1ze 0z I H o2 .
o1z 04 I H" 04~ *
01z2n 02 s H- . [
012E 10 o H- >
012F 20 nc H" *
*
jUs H"ZE” soo0e
o H 45" * ..
il H 43 *> s » C0
Jus H 51 > .
nc H"2E" *o000
.
jUN Hoon
Dc H'21" . -
jUN H'FF~ so0000e 1D
DC H" 01~ .
0 oo Hoa0-
1 »
n13R 23 IS o H" &3~ * e
0138 45 K oo H" 45 * > .
0130 43 4 D H 43 L =5
0120 4% S JUN H" 33 * o+ »
013E =1 & nc H 21~ *e »
P .
n13F z& = nc H 22" » -
0140 41 El i H 41 » *
0141 49 0 jUN H" 4 * o & I
o142 43 1 oo H" 4 * o o



APPENDIX

FORMULATOR FDOE AZSEMELER CREY .00

RZ LOC OBRJECT ADDR LINE EOURCE ETRATEMENT

0143 25 o H 2&" *> o
-
0144 0c D H *e
0145 14 nc H~ ..
014s 24 o H *» o =%
0147 FF o M7 2000000
ni4z 04 D H" *
*>
0143 72 oo H" > »
014/ 51 nc H *» e *
014E 51 oo H~ > L
014c 51 nc H .. *
0140 4E jUN H * see
.
014E 1E nc H” o0
014F 23 jUm o » +
150 o H" LA S 4 D
0151 jii H 4 L T
nisz nc H" . ..
*
0152 nic H .
01154 o H * ey
0155 j UM H * . T
0155 o H +*
0157 o H *e
.
015z 0 H >4 o
01573 B H + 0+ »
015A oo H" LI
O1SE 43 Dz = *» s »
o1sc s o H >4 +
*
a1sn 20 oo H >4
J13E 43 o H L
015F 43 oz H” LI
01an 4R/ D A *» +
0151 3C HD H >
»
Do H 1
i H *e o0
o H L2 A 2 2 D]
I H
Dz H
*
oo iz H
=1 i H » 2o &
BE o H *e o DR
a0 o H
oo U H
*
n1ss Nz nc H *
01eD 14 nc H >
MeE 22 Jii H - *
D1sF 41 Nz H e * »
2170 00 Uiy H*
.
14 D H' 14~ ..
14 nc H 14" LR
14 nc H 14" L =0
14 nc H 14~ * »
14 o H 14~ P




FORMULATOR FDOE RAZZEMBLER

RS LOC OBJECT ADDR LINE

0178
0177
0173
0173
017A

017R
017C
017D
017E
017F

0130
0131
o132
0132
0134

0135
013
0137
0133
nia3

013/
013k
013C

013D

013E

013F
0130
0131
0132
01393

0134
0135
013s
0137

0132

0193
0193/
013B
013c
013D

013E
019F
01R0
01A1
01R2

01R2
01R4
01RS
1A
D1R7

00
41
2
14
03

30
40
43
42
30

2E
41
5D
95
3C

3F
42
42
43
2F

7F
43
43
43
28

0413
0414
0415
0416
0417
0412
0413
0420
0421
n42z
0423
0424
0425
0426
0427
o4az
0423
0430
0431
0422
04332
0424
0435
0426
0437
0433
0423
a440
0441
044z
n443
0444
0445
0445
0447
1442
0443
0450
0451
0452
04532
0454
0455
0458
0457

APPEND

CREY .00

o
D
nc
i
oo

nc
o
nc
nc
nZ

pilms
jile

Do

D

nc
o
nc
o
nc

onc
oo
o
o
o

o
D
jUs
U
jU

o
o
o
nc
oo

nc
il
o
nc
o
nc
i
nc
nc
pUs

o

i
nC
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1X

EOURCE STATEMENT

H o0~
H 41~
H &~
H 14~
Ho02

HY20°
H 40"
H 457
H 43"
H 307

H*3E~
H 41"
H*SD”
H*55*
Heace

H”3F~
H 43"
He43”
H 437
H”3F”

Ho7F”
H7 43"
Ho 437
i
H7 387

HYZE”
He a1~
H 41°
H 41"
H 2&”

H41”
HY7F”
H 41~
H 417
H”3E"

H'7F”
H743°
H 43"
H43°
H 417

H'7F*
H 43~
H 43"
H 43"
H 407

He3E”
H 41
H 41~
H7 457
Ho 477

a2 244
» *
* 90 &
L R B 2

i3 24

AAd 4224
» >
* *
» *
a2l 4 d

34222 24
* » *
* » *
*> * *
*e 0

L addd s 2 d
* *
» »

Aa s s

LA 242222

L2 2 2R 2
*
L 2R 2R 2R J

SoH0000

L 2R 2R 2R 4
+

L2 2R 2R 4
+
*

L&)

f
-
-

P

A

CE»

e



APPENDIX

FORMULATOR FDOS ASZEMBLER <REY 2.0

RS LOC OBJECT ADDR LINE S0URCE STRTEMENT
01A3 7F 0474 onc H"?F~ se00000
01R9 03 0475 U H" 03" .
01RA 03 0475 nC H 03" > CH>
01RB 03 0477 o H 03~ .
01RC ?F 0473 nc H"7F~ s000000
0473 &
01RD 00 0420 onc H 0o~
01RE 41 0431 o H 417 * .
01RF 7F n4as oc H"7F~ so00000 I
01B0 41 0433 D H 41~ » .
01BR1 0O 0434 nc H a0~
0435 &
01B2 02 0435 nc H 02 *
01B3 01 0437 D H 01~ >
01B4 01 0433 D H 017 . [N
01BS 01 0433 D H" o1~ .
D1BS FE 0420 oc H"TE” 00000
0431 o
01B? 7F 0432 D H"FF~ so00000
01B3 02 0433 DC H 03" -
O01B2 14 0434 o H 14~ .. KD
D1BAR a2 0435 nc H 22" * -
01BE 41 0435 D H 41~ . .
0437 »
01RC 7F 043z o H"7F~ so00000
01BRD 01 0433 nc H"O017 -
01BE 01 0500 D H 01~ . iL>
01BF 01 0501 nC H 01~ *
o1co o 03502 D H" 017 *
as02 e
011 PF 0504 o H"FF~ s000000
oice 2o 0505 I H 20" *
01c2 183 0508 D H 13~ . M2
n1c4 20 nsa7 D H 20" .
01csS ?F S0z U H"7F~ s000000
as0a e
0ice ?F 0310 D HFF s000000
01C7 10 0511 nc H 107 .
ncs 03 31 i H" 037 . N
01c® 04 0513 pil H 04~ *
01CA 7PF 0514 nc H"?F~ *o00000
0515
01CE 3E 0515 I H 3E” o000
01cC. 41 0517 o H 41~ * *
D1CD 41 0513 oc H 41" . * (4 })
01CE 41 0513 il H 41~ . .
01CF 3E 0520 nc H"3E~ o000
0521
01p0 ?F ns22 il H"7F~ *000000
0101 42 0523 D H 43" . o
01Dz 43 0524 i H 43" . o P>
01032 43 0525 oc H 42" * o
0104 20 0528 j H 30" *e
0527
0105 3E 0s23 o H"3E~ so00e
01D& 41 asz22 D H 41~ * *
01D7 45 0330 oc H 45" * >0 (3}
0103 42 0531 JUN H 42~ . *
0109 3D 0332 UM H" 3D~ seee o
0533
010R 7F 0534 o H 7F~ se00000



APPENDIX

FORMULATOR FDO= AZZEMBLER C(REY 2.0

R:Z LOC OBJECT ADDR LINE ZOURCE ETATEMENT
01DE 43 B3 H 43 TS
01DC 4C i H 4z . e R
010D 4A D H 4R/ * o0
01DE 21 i H 31~ .. *
.
01DF 32 o H 22 .. o
01ED 43 nc H 43 *» + »
01E1 43 oo H'4 ¢+ . 3
n1EZ2 432 oo H* *
01EZ 26 o H" . e
*
01E4 40 D H 40" .
01ES 40 nc H 40 .
01ES 7 PO 25 D H FF~ *ess00e T
O01EV 40 0543 oo H g0 *
01ES 40 D H'40" -
*
0E? 7 D H'FE~ *e0000
01EA 01 o H" 0 [
O1EE 01 D H - N
01EC 01 oo H *
01ED 7 DC " se000e
*
O01EE 70 il H e
Q1EF 0 o i .
D1F0 0z o H *. s
01F1 oc o H .
01Fe 7o D H- e
.
01F2 7F o H o000
01F4 02 oo H .
01FS oc D H . il
01FE 02 oo H .
1F7 7F o H" 7 ses000e
*
NIF3 &2 nc H & *e >
01F3 14 D H ..
01FR 03 Do H . )
01FE 14 D H” LI
MFC &3 D H ¥ e ..
»
01FD &0 D H- *.
01FE 10 nc H -
01FF OF o H” se00 fae]
g200 10 oo H *
o201 &l D H 0
*
nzoz 42 nc H 43" * ..
020z 45 nc H 45" * ..
o204 43 UM H 437 T S 02
s St nc H'S17 .. -
02 el o H'81" e .
»
EMD
ERRE
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I
FAIRCHILD
I

A Schlumberger Company

Microprocessor-ControIIed_‘»
Phase-Locked Loop
Tuning System

The TV channel changer, the volume control adjustment and
other controls with knob and dial-type readouts are taken for
granted today, and simplified so that even a child can operate
them. The present forms are the result of many years of evo-
lution, from “tweeking of the Cat’s Whisker” in the early days of
crystal radio, to the two-handed operation required for separate
tuning of radio frequency and detector stages in rf receivers, or
tuning with sliding inductor coils. These all have evolved into
the systems used today and have undergone considerable
“human engineering.” With the event of fully electronic con-
trolled systems with calculator-type key boards, touch panels,
remote control, etc., a similar evolution is taking place in tuning
and display systems.

The various controls and displays for TV or AM/FM receiver
tuning, volume, brightness, etc., require either directorindirect
human interface (Figures 1 and 2). They can take many forms,
from the old familiar knob system with dial readout that is
controlled by a switch, potentiometer or variable capacitor,to a
remote control keyboard system or touch-control panel. The
latter requires electronic control of the major functions such as

tuning and time readout. Processing and controlling these
various functions separately, using hardware, is inefficient,
inflexible and costly. The obvious solution is to .incorporate a
central processing unit within the receiver to process the hu-
man interface controls, determine the function to be performed,
and establish the manner in which the function isaccomplished
(Figure 3). Since different manufacturers have different receiv-
er requirements, the central processing unit will differ from
manufacturer to manufacturer, or even model to model.

The F3870 low-cost one-chip microprocessor with 2K bytes of
on-board ROM, a 64-bit scratchpad RAM, and 32 bits (four 8-bit
bytes) of TTL-compatible input/output is an ideal candidate for
a central processor. The F3870 requires no peripheral devices
except a crystal and power supplies. Using this processor, the
type of control operation is programmed into the ROM at the
factory. With efficient software programming, two or three
programs could be stored in the ROM so that the receiver
manufacturer may offer the same chassis with different features
and operations.

INPUTS

ON/OFF
VOLUME
CHANNEL
COLOR

TINT
CONTRAST
BRIGHTNESS
SET TIME
PROGRAM TIME AND CHANNEL
GAMES/TELETEXT, ETC.

E DISPLAY FUNCTION

READOUTS FOR
CHANNELS/TIME, ETC.

Fig. 1 Television

INPUTS

ON/OFF DISPLAY FUNCTION
TUNING

BAND/AM/FM []E ] :;E/g:sncwnus
VOLUME

BALANCE 0000 TAPE FUNCTIONS
BASS

TREBLE

PHONO

TAPE FUNCTIONS
PROGRAMMING/TIME FREQ
TIME

SET TIME

SET ALARM/ALARM

Fig. 2 Auto Radio/HI-FI

INPUTS

TUNING D/A

b __{t

DISPLAY

- oooo
ggﬁ; - |B000 CENTRAL
mame - lOO0O0O :> PROCESSOR
o000

Fig. 3 Receiver with Central Processor

.
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The microprocessor may also perform additional functions the line, may be built with almost every imaginable feature by

such as D/A conversion for actually controlling the circuits, simply adding the appropriate modular circuit onto the bus
tuning, volume, brightness, color, etc. It could be used asatime (Figures 5 and 6). Other circuits will be available shortly —an 8-
clock capable of being programmed to switch on the receiver at channel 6-bit D/A converter, a time clock, and an on-screen
a given time and channel. The microprocessor may alsoactasa character generator. Each modular chip will have built-in iden-
receiver section of a remote control system, ultrasonic or IR, to tity code, which is something like a chip select but operates on
decode the signals for a particular function. However, special- data on the data bus. The identity code word is four bits;
ized chips are now available that perform the dedicated func- therefore, there are 16 possible combinations, but only 15 are
tions —PLL timing, D/A conversion, etc. — more efficiently than available for use since one is reserved for when no chip is
microprocessors, and work well under microprocessor com- addressed.
mand.

To address a particular chip on the data bus, the correct IDENT
STANDARDIZED BUS SYSTEMS code is placed on the data bus and an IDENT clock on the
Fairchild adopted a standardized bus system (Figure 4) for control bus. The chip selected is initialized and reset, ready to
microprocessor-controlled AM/FM and TV receivers. Using accept data from the data bus. The DATA clock on the control
this system, AM/FM and TV models, from low end to the top of bus clocks the information into the selected chip. The number

MICROPROCESSOR

I /0 1A ] I o - I

< DATA BUS (4) >
DATA CLOCK |

IDENT-CLOCK
SELECT/OE/ . . .
ACKNOWLEDGE

Fig. 4 Standardized Bus System

KEYBOARD
oooo AuDIO —-” SPEAKER
oooo ON SCREEN
oooo ~— READOUT OF
TIME AND
oooao hiorer bl S I DETECTOR VIDEO CRT CHANNEL
7 ¥ BRIGHTNESS, ‘ R
- I CONTRAST
STA
1 ; g:ﬂ coLor "
REMOTE VWA
TRANSMITTER PRESCALER INTEGRATOR HUE, A
- VOLUME
T voLon
{ l L = R R xR K
FEX 2600
~ L] rexasoo 8-CHANNEL 6-BIT ON SCREEN
~—~ = CMOS PLL D/A e CHARACTER
T wA9708 GENERATOR
$
REMOTE
e DATABUS ) FEX 2730
OR KEYBOARD, 256 x 4
TOUCH ) No:‘"-:o;nn.s
CONTROL MORY
PANEL BTE < CONTROL BUS >
. 1/0 #1 ] | wor ]
FCM 6020 1 -
TIME CLOCK CHIP’ T 870
DEDICATED
l I ) MICROCONTROLLER

Fig. 5 Mlcfoprocéstor-Conlrolled TV with PLL Tuning
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AM/FM
. VARACTOR IF »{ pETECTOR »{ aubio SPEAKER
TUNER
11¢79 FEX 2730
PRESCALER FEX2500 MICROPROCESSOR NON-VOLATILE
+31/32 MEMORY 256 x 4
INTEGRATOR |
_l DATA BUS
) CONTROL BUS
oooo L 7.SEGMENT AV4
FCM 8020 =111 111
oooao E2 | mime clock cHip DECODER Ay
_L DRIVER Il 1_n_i
oo ‘ DISPLAY
oooo I—-l Q—J
KEYBOARD
Fig. 6 Microprocessor-Controlled AM/FM Radio with PLL Tuning

of words required to read a chip depends upon the particular
chip function, and a DATA clock must be generated for each
word. To disable the chip from the bus, the procedure is
reversed. The wrong IDENT code is put in the data bus with an
IDENT clock on the control bus.

PLL TUNING

It has long been realized that the ultimate tuning system is the
phase-locked loop. However, it has not successfully penetrat-
ed the consumer market, until recently, due to its stringent
requirements —large complex logic, ability to perform at high
frequencies, system partitioning, and specific system.configur-
ation. Simple PLL TV tuning systems accurately tuned to the
FCC channel assignments; however, local problems such as
antenna mismatch, IF misalignment, cable TV problems, etc.,
were often present and required fine tuning or, more accurate-
ly, detuning of the PLL system. Therefore, it was imperative to
add the fine-tuning capability, inherent in the old turret tuners,
to the PLL TV tuning system. This complicated the system and
also required some kind of non-volatile memory for storing the
fine-tuning information for each channel.

Another problem in PLL TV tuning was how to control the TV
receiver, especially in the method of entry from the calculator-
board —whether one or two keys should be used, or an entry
button, and whether the channel display should indicate which
key has been depressed or indicate the channel on the screen.

Now, with the addition of the microprocessor as a central
control unit, the problems of the PLL TV tuning can be simpli-
fied and the exact application can be determined by the TV or
AM/FM manufacturer rather than by the semiconductor manu-
facturer.

BASIC PLL SYSTEMS

A better, more descriptive name for the PLL would be “fre-
quency, phase-locked loop” (Figure 7) because, for the loop to
lock, the frequency must be adjusted first, then the phase.

10-21

The output frequency of the VCO (a varactor local oscillator) is
divided down by the divide-by-n counter and fed into the
frequency/phase detector where the frequency and phase are
compared to a reference frequency. The frequency/phase de-
tector output circuit has three modes-—open circuit, or sup-
plying a series of pump-up or pump-down pulse charges to
the integrator/amplifier. The output of the integrator/amplifier
supplies dc feedback control voltage to the VCO. When the
loop is locked and operating at the desired frequency, the two
frequencies fed into the frequency/phase detector are the same
and of essentially the same phase.

Under these conditions, the frequency/phase comparator sup-
plies only sufficient charge to maintain loop lock. When the
loop is not locked, the two frequencies at the input to the
frequency/phase comparator differ. The frequency/phase de-
tector supplies a charge of sufficient amplitude and direction to
the integrator/amplifier to generate a voltage for driving the
VCO to a frequency that will cause the loop to lock. Therefore,
the output frequency of the PLL can be written as follows:

fvco = n x fRer
where n is always a whole integer.

Changing the value of the divide-by-n counter changes the
frequency. For example, a tuning system for tuning in 25 kHz
increments requires a reference frequency of 25 kHz.

Unfortunately, to build a programmable divide-by-n counter for
a PLL system that operates at the local oscillator frequencies of
FM and TV receivers is impractical. Therefore, an ECL high-
speed prescaler is inserted between the VCO and the pro-
grammable divide-by-n counter to reduce the counter frequen-
cy. A simple fixed prescaler (Figure 8) places too many com-
promises on the PLL designer—Ilong loop lock-up times or




CHANNEL
SELECTION

INTEGRATOR

5 OR 10 kHz REF

Fig. 7 Basic PLL Circuit

CHANNEL
SELECTION

— fo

vco PRES(:ALER

INTEGRATOR

r
5 kHz REF —HL DIVIDER
_____ 4

Fig. 8 High-Frequency Loop Using Fixed Prescaler

LENGTH: 101 INCHES ———————— |

NINE 10-INCH BRICKS

SISl

LENGTH: 105 INCHES

:JE?DI:]IE:!E?/:I:

ONE 11-INCH BRICK

FIVE 10-INCH BRICKS

FIVE 11-INCH BRICKS

Fig. 9 Brick Analogy

restrictions on the timing increments —that generally result in
too many loop or receiver problems. A superior approach is to
use a dual-modulus prescaler, i.e., an ECL divider with two
different divide ratios usually closely related, in a technique
called “pulse swallowing.”

Pulse Swallowing

Pulse swallowing is a technique that combines the talent of a
very fast, but dumb, ECL prescaler with that of a low speed, but
very smart, counter. The best way to explain itis to divert, for the
moment, from the field of electronics and enter the world of
masonry. Suppose a universal brick were required for building
walls of any length, within one inch, without breaking the brick.
One way to do this would be to make one brick 10 inches long
and another 11 inches. Using combinations of these two sizes
of bricks, walls of any length (over 100"’) may be built (Figure 9).

Back to electronics —the dual-modulus prescaler (Figure 10) is
similar to the two different brick lengths. By controlling the
dual-modulus prescaler appropriately, the incoming clock fre-
quency pulses can be counted in two different “block lengths”
(Figure 11). For high-frequency applications, pulse swallowing
combines the advantages otboth the straightforward method
(Figure 7) and the fixed modulus prescaler (Figure 8). It allows
the highest possible reference frequency frer and vastly re-
duces the speed requirement of a programmable divide-by-n
counter. The dual-modulus prescaler, when operating, appears
to swallow pulses when changing between the two divide ratios
of the prescaler—thus the name, “pulse swallowing.”

To keep track of how many times the prescaler operates in one
of its two modes (usually the higher), an extra counter, called a
swallow counter, is added to the system. The swallow counter
has only- a small total divide ratio compared to that of the
program counter. It differs from the program counter in that its
Terminal-Count output is connected back to a Stop input and
operates like a one-shot. This is called a dead-ended counter
because it stops after reaching terminal count.

The operation of the system for a total divide-by-n cycle is as
follows. When the program counter reaches terminal count, it
parallel loads both itself and the swallow counter with the
desired divide ratios. The Terminal-Count output of the swal-
low counter, which is also the prescaler Mode-Control input,
then goes HIGH and both counters begin to count. Since the
swallow counter is smaller, it reaches terminal count first and
stops, causing the Mode-Control input to the prescaler to go
LOW, changing the prescaler modulus. The program counter
continues until reaching terminal count and the divide-by-n
sequence is repeated. Therefore the program counter performs
the coarse, or rough, tuning while the swallow counter handies
the fine tuning. ‘

THE FAIRCHILD MICROPROCESSOR CONTROLLED

PLL TUNING SYSTEM

The Fairchild FEX2500 PLL circuit is made using CMOS metal-
gate technology and is packaged in a 28-pin DIP, either plastic
or ceramic. The primary features are:

Microprocessor addressable
Data-holding registers independent of input data,
once addressed

e Operates to 4 MHz

e Operates to 1 GHz with appropriate prescaler

® Fine tuning capability —1 kHz AM band, 25 kHz FM band,
62.5 kHz TV

e Complete digital portion of PLL tuning system

e On-board oscillator circuit for reference frequency

e 4 MHz, 2 MHz and 1 MHz outputs that may be used for
clock input to microprocessor or other circuits

® Unique data-bus chip select system

e Choice of 1 kHz, 5 kHz, 7.8125 kHz or 25 kHz reference
frequency i - o

e Phase comparator incorporates patented anti-backlash
circuit to reduce random FM modulation of the Vco

e Qut-of-lock output indicates out-of-lock condition of loop

e Dual ratio program and swallow counters for extended loop
frequency range -
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Fig. 11 Different “Block Lengths”

The FEX2500 contains all the essential digital components of
an advanced PLL tuning system, requiring only an external
tuner, integrator and a crystal to complete the entire loop.

The PLL loop operates from 100 kHz to 4 MHz directly, and to 1
GHz with the addition of an ECL prescaler. The system has fine
tuning increments of 1 kHz for the AM band, 25 kHz for the FM
band, and 62.5 kHz for TV and can be set lower with loop
compromises. The user has a choice of 1 kHz, 5 kHz, 7.8125 kHz
or 25 kHz reference frequencies when used with a 4 MHz
reference crystal. Once addressed to the desired tuning fre-
quency, the PLL circuit can be operated independently of the
microprocessor, since the PLL contains the necessary holding
registers for data. To accommodate the 4 MHz input operating
frequency and low propagation delays, it uses two power sup-
plies, +12 V and 5 V. The +5 V supply is required to make the
input and output circuits compatible with other +5 V logic
circuits. Figure 12 shows the complete block diagram contain-
ing both the program counter and swallow counter as well as a
phase comparator, crystal oscillator, reference frequency di-
vider, four 4-bit registers to store tuning information, plus
additional circuits.
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Programs and Swallow Counters

Clock Inputs

The Clock input for the program and swallow counters can be
selected for either a differential input or a single-ended input by
using an Input Select pin (IS). For TV or FM radio applications,
the differential input mode is generally used. The PLL differen-
tial inputs are connected directly to the differential outputs of
an ECL prescaler. This considerably reduces the amount of
radiated digital-interference noise. Single-ended mode is in-
tended for AM radio applications without the use of a prescaler.
In AM/FM radio, the local oscillator is connected to the single-
ended input while the differential inputs are connected to the
ECL prescaler that derives input from the FM local oscillator.
Loop change from AM to FM is accomplished with the IS
control. The maximum frequency on both inputs is 4 MHz.

Counter Configurations

The counter has a total bit length of 16 bits, is sub-divided into
two sections—a program counter and a swallow counter, and
has two selectable configurations: 13 bits program/3 bits swal-
low or 11 bits program/5 bits swallow. Counter-configuration
control determines which bit lengths are selected according to
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- different divide ratios required in various applications. The
maximum possible divide ratios are:
MODE | PROGRAM | SWALLOW
13/3 | 213 =8192 23=8
11/5 | 211 = 2048 25 =32

Both counters are down types; therefore, the divide ratio is the
same as that of the binary load value. The load values for
frequency or channel allocation are obtained from the micro-
processor. Binary counters, rather than decimal counters, sim-
plify chip design and minimize software programming prob-
lems on the microprocessor. For low-frequency operation be-
low 4 MHz, the swallow counter is not used and it is immaterial
what data values are loaded into it. Figure 13 shows the data
loading format.

Frequency/Phase Comparator
The frequency/phase comparator has a number of unique
features, an anti-backlash circuit, an out-of-lock detector and

an output disable circuit. The actual frequency/phase compar-
ator is the -standard digital type that locks onto the negative
edges of the two waveforms, one from the program counterand
the other from the reference-frequency divider (Figure 14). it
can only lock onto the correct frequency with no output of the
comparator at multiples of either of the two frequencies.

Anti-Backlash Circuit

The anti-backlash circuit eliminates the dead-zone problems
due to propagation delays in other digital frequency/phase
comparators. A narrow pulse (= 200 ns) is injected into the
pump-down circuit to cause a loop error. The loop responds by
making another pulse of equal and opposite magnitude to
cancel out the error (Figure 15). Both pulses are arranged to be
closely related in time so they can be easily filtered out by small
filter capacitors. Therefore the net charge fed to the integrator
by these pulses is zero. However, the injection of these pulses
causes a slight phase error that operates the frequency-phase
comparator outside the dead zone. The addition of this circuit
considerably enhances the spectral output of the VCO, elimi-
nating random low-frequency modulation caused by phase-
comparator “hunting” in standard comparators.
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Out-of-Lock Detector (Figure 16)

This circuit is used to detect an out-of-lock condition, due to
either a malfunction or a channel change. The indicator is also
useful during initial loop set-up and test. It can also be used to
mute the audio during channel changes, or itcan be connected
to an LED display for indication of loop malfunction.

In operation, a window signal is decoded off the reference-
frequency divider chain (Figure 17). When the loop is locked,
the negative edge of the output waveform from the divide-by-n
counter rests in the middle of the window. If it strays outside the
window for two period reference cycles, a latch is set and an
out-of-lock condition is indicated.

Output Circuit

The output circuit is designed to provide three output modes
(Figure 18)—-current sourcing (pump-up), current sinking
(pump-down) or high impedance (open circuit).

When the loop is locked, the output circuit is in the high-
impedance state, except during the positive and negative anti-
backlash pulse injection mentioned previously.

Output Disable

This control can be used to hold the loop on frequency while
new frequency information is being loaded into the PLL regis-
ters. When the outputis disabled, the output from the frequency
phase comparator is in the high impedance state. When a
frequency change is initiated, new data is fed, relatively slowly,
into the four registers, WXYZ. During the loading of each
register, the loop responds to the new data causing erroneous
loop responses, unless the comparator output is disabled.

When this output is disabled, the integrator tends to remember
the last charge level, thus keeping the loop on or about
frequency.
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Reference Frequency Divider and Oscillator Circuits

The oscillator circuit consists of two high-gain CMOS inverter
circuits in series plus the external components —crystal, trim-
mer capacitor, resistor—connected between the input and
output of the inverters.

The reference frequency divider circuit is a straightforward
counter with various outputs—4 MHz, 2 MHz and 1 MHz
—which may be used for the microprocessor clock. The refer-
ence frequencies of 1 kHz, 5 kHz, 7.8125 kHz and 25 kHz are
tapped off the divider chain through a 4-input multiplexer, that
selects the reference frequency.

Chip-ldentity Circuit

When the IDENT code (PLL Chip 0110) is present on the Data
Bus input and an IDENT clock is generated, the scan counteris
initialized. Data can now be entered into the first register W via
the DATA clock, which then clocks the scan counter so the
second register X is ready to accept data. This is repeated until
the remainder of the registers are loaded. Data can be repeat-
edly loaded into the registers using the DATA clock, but care
must be exercised to keep track of which register is receiving
data. To disable the Data Bus input to the PLL chip, a wrong
IDENT code is put into the data busand an IDENT clock gener-
ated. The IDENT code circuit may be disabled by leaving the ID
Enable input HIGH.

Data Input Terminal
Figure 13 shows the input data format for registers W X Y Z in
both configurations of the counters.

The generation of the input data for operating a PLL at given
frequencies is worked out from the equation in Figure 10. The
following example shows the procedure for establishing the
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values and will help clarify the operation of the pulse swallow-
ing system.

Receiver -FM 88.1 to 107.9 MHz
IF 10.7 MHz

PLL Setup for 4 MHz Crystal Reference
25 kHz Reference Frequency

. LOW Frequency = Receiver + IF
=88.1+10.7
=08.8 MHz
. Total Divide-by-n = LOW Frequency + Reference
=08.8 + 25 kHz
= 3952
. To find PLL loading data:

Program Counter = PC
Swallow Counter = SW

Find PC divide ratio (Coarse Tuning)
“Divide-by-n" divided by prescaler lower ratio

3952 + 31 = 127.48387

The integer part of the number is the PC load divide ratio
L PC=127
b. Find SW divide ratio (Fine Tuning)

Take the integer number from above and multiply by
prescaler lower ratio:

127 x 31 = 3939

Subtract this number from Divide-by-n:
3952 - 3937 = 15
. SW =15

This is the number of times the prescaler operates in the
divide-by-32 mode. It is not necessary to work out subse-
quent frequencies in the range, but merely increment the
values by the required amount. These numbers then have to
be translated first into binary, then into hexadecimal data
to fit the data loading format shown in Figure 13.

PRESCALERS (Figure 19)
Two prescalers have been specially designed to operate with
the FEX2500 PLL chip: 11C79 divide-by 31/32 (200 MHz) and
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11C82 divide-by 248/25 (1 GHz). Other prescalers are available
with a decrease in digital noise performance: 11C90 divide-by
10/11 (600 MHz) and 11C91 divide-by 5/6 (600 MHz).

The maximum operating frequency of PLL system is limited by
the 4 MHz maximum frequency of PLL FEX2500.

Example using 11C90 divide-by 10/11:
=4 MHz x 10 = 40 MHz

AM/FM APPLICATIONS

Figure 20 shows an advanced AM/FM radio with a single chip
F3870 microprocessor and keyboard with an LED display read-
out. It has manual or automatic search tuning and storage fora
number of stations. It can tune on AM to 1 kHz increments and
FM to 25 kHz.

With the integrator circuit, the undesirable reference frequency
modulation of the VCO frequency is:

FM = better than 50 dB at 25 kHz
AM = better than 45 dB at 1 kHz
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One exciting area for a PLL tuning system is a home AM/FM
radio with short-wave bands. Low-cost short-wave receivers to
date are generally difficult to tune but with the precise tuning of
a PLL tuning circuit, this would change.

If the radio had memory storage for a number of short-wave
stations, people living in different lands could program in a
station from their own country. Most foreign countries radiate
the same program material on a number of frequencies. Due to
periodic sunspot activity, some frequencies are better than
others; thus it is necessary to store a number of short-wave
frequencies. Also, because of the ease of tuning, the short-wave
broadcast bands could become acceptable for normal broad-
cast frequencies.

HISTORICAL NOTE ON PULSE SWALLOWING

The pulse swallowing technique makes the whole PLL tuning
system commercially feasible and acceptable in performance.
It was the idea, or invention, of John Nichols in about 1968-69
time period when he worked for Fairchild. The work was done
initially for 360-channel aircraft radio/transmitters. It was not
until many years later that his brilliant idea became widely
known.
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Microprocessor-Based Solar Controller

Energy is being consumed today in greater quantities than
ever; at the same time, yesterday’s seemingly unlimited
resources are now seen to be quite finite. As a result,
energy conservation has assumed a new importance, and
the search for alternative energy sources has begun in
earnest. One of the more promising possibilities is harnes-
sing the sun as a direct source of heat.

The solar heating systems now being installed in homes,
apartment complexes, and businesses contain heat collec-
ting and storing devices from which resources are drawn
during non- and low-sunlight periods. Although there are
many types of such systems, the most common circulate
water or some other liquid through solar heating panels, or
collectors, during the day and store the heated fluid in
tanks. When required, this fluid is pumped through radiators
or radiant coils to provide area heating. To maintain comfort
and make the best use of the available energy, the user
must continuously monitor the temperature of every area to
be heated, as well as the temperatures of the collectors and
the storage tanks. Valves must then be opened or closed
and pumps turned on or off to maintain the desired relation-
ship among the system components. A computerized ener-
gy management system, or solar controller, can perform all
of the monitor and control functions with optimum efficiency.

A microprocessor-based solar controller designed by Fair-
child for Rho Sigma, Inc., a major manufacturer of solar
controls, is specifically intended to accept the low voltages
produced by thermistor temperature sensors, process and
display the data, and provide outputs for relay and switch
opening and closing. The solar controller contains a single-
board F8™ microprocessor, two input and two output cards,
an A/D converter control card, a display control card, two
4K EPROM program storage cards, and a 1K RAM and
memory address card (figure 1).

Also included in the unit are an A/D converter, a 5-digit LED
display, and a 16-key keyboard. The display automatically
sequences through all input channels, displaying the num-
ber and temperature of each channel for one second before
cycling to the next. The keyboard can be used to halt this
sequencing and either make the display continuously moni-
tor only one channel or convert it to a clock-only display
that shows time of day.
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Controller Operation

The microprocessor is programmed to solve a set of logic/
arithmetic equations. These equations are contained in the
EPROM program storage, with the associated constants be-
ing held in the 1K RAM. The keyboard can be used to
change a number of the equation constants, permitting
system changes to be made without hardware modification.

In normal operation, the A/D converter receives analog tem-
perature information from as many as 16 thermistors and
presents the converted data to the microprocessor. Digital
data, such as that produced by switch closures and teletype
signals, can be presented directly to the microprocessor
through the 16 digital inputs of the input cards. These data
are used to solve the system functional equations and pro-
duce two types of microprocessor outputs.

In the channel-monitor modes, temperature information is
output to the display in degrees Fahrenheit or Celsius,
depending upon resident program. In the time-display
mode, a timekeeping routine program assumes control of
the display circuitry and the temperature information is not
provided.

The other microprocessor output consists of control signals
that are suitable for opening and closing relays and activat-
ing solid state switches. These signals perform such func-
tions as turning on pumps and opening valves to let water
run into the storage tank or circulate through radiators.

Since program storage is in ROM, power failure does not
cause catastrophic loss of memory. When power is restor-
ed, a resetting sequence begins, with the controller ensur-
ing that all valves and controls are turned off so that stored
energy is not lost. The controller then cycles through all of
the inputs, decides what the system operating conditions
should be, and generates the necessary output signals. This
analysis takes approximately five seconds. To indicate to
the user that power has been off, the display flashes until
manually reset.

Originally designed for use in solar heating applications, the
intelligent microprocessor-based controller is applicable to
any system in which the ability to deal with multiple sensor
inputs and generate control outputs is required.



Fig. 1 Solar Controller Functional Block Diagram
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INTRODUCTION

Until recently, the requirement of secrecy in data
communications has been largely limited to military and
diplomatic activities. Proprietary business, financial, and
personal information was seldom transported through
hostile environments; when necessary, suitable
safeguards were provided by locks and, occasionally,
guards. With the advent of solid-state electronics, the
extensive use of standard radio links, microwave,
commercial, and satellite radio channels, nearly anyone
may listen in on masses of sensitive information without
being detected.

Distributed computer systems with interactive terminals
have increased effective communication between
authorized users, but have also increased the problems
of protecting the great quantities of confidential data
from access by outsiders. The solution is to make the
data somehow incomprehensible to unauthorized access
through encryption.

In 1977, the National Bureau of Standards adopted the
Data Encryption Standard, an encryption algorithm
developed by researchers at IBM. The algorithm uses a
56-bit key to map one 64-bit data word into another, and
is well-suited to LSI implementation. Accordingly, over
the next few years, several semiconductor manufacturers
announced LS| devices that perform the data encryption
and decryption steps.

SIGNIFICANT CONCEPTS AND FEATURES OF THE F9414

Fairchild’s F9414, a very fast encryption device, is
suitable for extremely high bit-rate data communication
and data storage applications. As this 4-chip device is
aimed primarily at the performance-driven market, it is
implemented with bipolar technology, blending low-
power Isoplanar Integrated Injection Logic (I°L® ) and
high-speed TTL, made possible through Fairchild’s
proprietary isoplanar process. The speed-critical parts of
the F9414, including the ROM lookup tables required by
the DES algorithm, are TTL for minimum delay, while the
control functions are I’L for low power consumption. The
TTL outputs ensure high speed and good drive
capability. Added advantages of bipolar technology are
high radiation resistance and full commercial and
military operating temperature range.

From a manufacturing standpoint, a single-chip
approach for the DES results in a chip size undesirably
large for economical production of a high-volume device.
However, the DES algorithm can be partitioned into a bit-
slice implementation, yielding devices that are identical,

with the exception of the internal ROM table. This
approach results in a relatively small die size.

Data throughput of 13.3 MHz (75 ns) per bit can be
achieved with a typical power consumption of 500 mwW
for Vo and 150 mW at the injector pin, for a total of 650
mW per chip.

The F9414 chip set consists of four similar 40-pin
devices. A typical connection is shown in figure 1. Figure
2 illustrates the major logic elements of one of the
chips, including a pair of data registers, four 8-bit shift
(key) registers, control logic, and two 64-bit word by 4-bit
read-only memories (ROMs). The F9414 encryption set
has passed the NBS functional validation test.

The set operates with a 56-bit key word to encipher or
decipher a 64-bit data word that is stored in 8 bytes; 2
bits of each byte are distributed to each of the four
chips. The key consists of 64 bits in 8 bytes; bit 8 of
each byte is parity. Bits 1 through 4 go to both chip 1
and 2; bits 4 through 7 go to chips 3 and 4. The four
chips together store the 64-bit plaintext or ciphertext
word.

The chips have separate data inputs and outputs so the
block of data to be processed can be input as the
previous block is being output. This overlap permits the
processing of a 64-bit block in 24 clock pulses, which, at
a 5 MHz maximum clock frequency, makes the F9414
substantially the fastest of the present commercially
available DES chip implementations. Data throughput of
13.3 MHz (75 ns) per bit or 200 kHz (4.8 ps) per 64-bit
word can be achieved.

The key register is capable of hold, left shift (encipher),
or right shift (decipher) operations, by one or two .
positions, as required by each of the 16 rounds of the
algorithm. Each device also includes logic for the control
of these registers during load and cipher operations. The
64-bit word by 4-bit ROMs in each device implement the
S-boxes of the algorithm.

The major differences among the four devices are the
masking of the ROM codes and the key bits that are
selected as ROM addresses, according to the E-bit
selection table of the algorithm. As shown in figure 1, a
set of eight output signals (P, ) and input signals (F, g)
is interconnected between chips to implement the
permutation function, P, of the algorithm. An additional
set of outputs, P, and Py, and inputs, F, and Fy, is used
to interconnect the chips as required by columns 1 and 6
of the E-bit selection table.
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Figure 1 F9414 4-Chip Encryption Set
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IMPLEMENTATION OF THE DES ALGORITHM

Initial permutation is accomplished in the F9414 chip set
by the manner in which the data is loaded. The Dy,
input of chip 1 loads bit 1 of each byte, Dy of chip 1
loads bit 2 of each byte, D,y of chip 2 loads bit 3 of
each byte, etc. After eight clock cycles, the four registers
receiving data bits 2, 4, 6, and 8 of each input byte
comprise the L, block of 32 bits in permuted order within
the four devices (see figure 3). The four registers
receiving bits 1, 3, 5, and 7 of each byte hold the Ro
block. Therefore, each chip slice contains one byte each
of the Ly and R, blocks.

Further shifting of the bits and extracting outputs from
the right end of each byte implements the inverse
permutation 1P-1. Each column of the inverse
permutation may be found in a register byte and the first
8 bits (40, 8, 48, etc.) required by row 1 of the inverse
permutation table are at the output ends of the shift
registers.
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The 28 key bits in the top half, C,, of the key
permutation function are duplicated in the key registers
of F9414-1 and F9414-2, while key bits in the bottom half,
Dy, occupy the registers of both the F9414-3 and F9414-4
(see figure 4). In each device, key register 4 holds the
last 4 bits of both halves of the key permutation
function. Each of the 16 iterations involves a left rotation
(encipher) or right rotation (decipher) of the key registers.

During the key shift schedule, chips 1 and 2 bypass the
right half of key register 4, and chips 3 and 4 bypass the
left. This results in the key alignment returning to its
original position after a total of 28 shifts from the 16
alterations.
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Figure 2 F9414 Block Diagram
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Figure 3 DES Algorithm An internal 1-bit right realignment is required by a
change from encipher to decipher after the key has been
entered. This, and the reverse (left realignment for
decipher to encipher), are performed by the F9414
control logic, which must be stable prior to the loading
of the last data byte. When clocked at the same time as
a load-key code, the data registers all fill with logic
ones.

The results of the exclusive-OR of the key bits and data
words derived from R, in the calculation of f(R, K) are
taken, 6 bits at a time, to address a set of eight 64 x 4
S ROMs (i.e., S boxes). Two S ROMs per chip, each with
four output bits, provide the 32 bits that are then
permuted per primitive function P, by chip-to-chip
interconnection. The effective result of the interconnect
is exclusive-ORed with the L block (figure 3) and the
entire algorithm is repeated 16 times.

Figure 4 Key Permutations
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The F9414 is structuraily designed for high throughput.
Since no I/0 ports are used for both entering data and
reading results, a potential bottleneck is avoided. The
64-bit data word is entered into the F9414 data registers
one byte at a time at the Dy, D, inputs. The MSB of data
goes to D, of the F9414-1. The result is output one byte
at a time on the Q;, Q, pins, MSB output first. Similarly,
the keyword is entered one byte at a time at its own
dedicated inputs (K;-K,). Table 1 shows the distribution
of the keyword to the four F9414 devices.

Table 1 Keyword Distribution
F9414-1 | F9414-2 | F9414-3 | F94144
Keyword Key Reg. | Key Reg. | Key Reg. | Key Reg.
8 MSB 1 1
7 2 2
6 3 3
5 4 4 4 4
4 3 3
3 2 2
2 LSB 1 1
1 Parity PN
(Option)

The keyword is 56 bits long; if desired, an optional parity
bit can be included with each byte of key, making the
keyword 64 bits long. Parity does not in any way affect
the encryption or decryption, and is taken across the
keyword register, not across the K,-K, inputs. Parity
across one byte of keyword is taken by passing the
parity bit of the keyword through a delay flip-flop to Py
of the F9414-1 or F9414-2, and through Pg 1 of the
F9414-1 or F9414-2 into Py of the F9414-3 or F9414-4.
The final parity sum is available on Pg; of the F9414-3
or F9414-4.

The functions of the F3414 (load key, load data,
encryption/decryption, and wait) are controlled by the
Cy-C, inputs. Data and key are clocked in and/or out on
low-to-high clock transitions. Loading a key sets the data
registers to all high.
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The F9414 enables simultaneous input and output of
data; i.e., the results of a DES cipher operation can be
clocked out on the same low-to-high transition that loads
the next word to be processed. Thus, a complete input
and output cycle (LOAD/READ DATA) takes just eight
clocks. Since the algorithm requires 16 clocks, an entire
DES iteration can be accomplished in 24 clocks. At a
typical clock frequency of 6 MHz, this translates into a
16 MHz bit rate, a very fast LS| implementation of the
DES. This high throughput ensures that the F9414 set is
capable of keeping pace with practically every
application, and this speed is available over the full
military temperature range.

Several F9414 sets can be paralleled to produce higher
bit rates. This implementation is facilitated by the F9414
3-state outputs, which automatically go into the high-
impedance state when the device is executing the DES
algorithm, and become active upon a READ DATA
command following the completion of the algorithm. A
complete iteration, including loading, executing the
algorithm, and reading the data, takes 24 clocks. Since
an F9414 set enables the outputs for only eight of these
clocks, operating three sets, eight clocks out of phase
with each other, ensures that there is no conflict at the
outputs.

The independent byte-wide inputs and outputs of the
F9414 set provide for simple integration into a bus-
oriented system. The F9414 controls are similarly
designed for simplicity and ease of use. The three
C-lines are entirely responsible for the internal state of
the device. To perform any one of the F9414 functions, it
is only necessary to choose the appropriate code,
ensuring that the setup time to the next clock edge has
been met.
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As an example, an asynchronous source, such as a
modem, generates bytes to be supplied to the F9414 for
decryption. Since the DES operates on 64 bits, the F9414
must wait until it has received 8 bytes before beginning
a decryption. Buffering must be provided in case a byte
should arrive while the F9414 is performing a decryption.
One method is to use the F9414 set with two F9423 64

X 4 First-In First-Out (FIFO) buffer memories (see figure
5). The FIFOs provide buffering for incoming bytes. A low
state on the F9423 Output Register Empty (ORE) signal
indicates that the FIFO is empty. This signal can be
used to put the F9414 into the wait state.

CIPHER FEEDBACK AND CIPHER BLOCK CHAINING
APPLICATIONS

The NBS DES provides. for data encryption on a one-to-
one basis. Each 64-bit vector, for a given key, produces a
unique output vector regardless of previous inputs. Two
more sophisticated and secure approaches utilizing the
DES are called cipher feedback (CFB) and cipher block
chaining (CBC). Both variations form the output of the
encryption operation as a function of previous inputs as
well as the present input. Such techniques make it
impossible to determine the keyword being used on the
basis of a single data word and its enciphered
counterpart, even by exhaustive search.

Figure 5 Parity, Data, and Keyword Connections for
F9414 and F9423
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Cipher Feedback

In cipher feedback (see figure 6), the present 64-bit data
input is exclusive-ORed with the output of the encryption
unit, and the result of this operation is transmitted and
also fed back into the encryption unit to perpetuate the
feedback. At the receiver, the received 64-bit vector is
first exclusive-ORed and then deciphered.

Figure 7 illustrates the cipher feedback transmitter
operation. A 64-bit buffer is needed for storing the input
word external to the F9414, and can be provided with
two F9423 FIFO buffer memories. Both receiver and
transmitter operate in the same mode and start with the
same (arbitrary) initialization word in the buffer. If the
initialization .is not done, the first 64 bits of data at the
receiver are erroneously deciphered.

To encrypt 1 byte of data, one iteration of the DES
algorithm is performed on the contents of the buffer.
Then the MSB output from the F9414 is exclusive-ORed
with the data byte and the result is transmitted.
Additionally, the result of the exclusive-ORing is shifted
into the least significant position of the buffer, while all
other bytes are shifted and the former MSB discarded.
This causes all following encryptions to depend on the
present transmission, providing greater security than
when each encryption depends only on the present data
byte.

At the receiver (see figure 8), the transmission is shifted
into the least significant position of the buffer and one
DES iteration is performed. Since the receiver has used
the same data word as the transmitter, this generates
the same exclusive-OR mask as was used at the
transmitter. Therefore, exclusive-ORing the next received
byte with the MSB of the F9414 output recovers the data
byte.

The transmitter and receiver must be operating in
synchronization in cipher feedback. If synchronization is
lost or an erroneous bit received, 64 bits of data will be
incorrectly deciphered.

Figure 6 Cipher Feedback Mode
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Figure 7 Cipher Feedback Transmitter

MSB LSB
cereer 111 111
Sm) Do D; D; D; Do D; Dy D;
PL PL  F9423 pL  F9423
i Top Top
() Qg Q; Q; QO Qp Q; Q, Q3
) DATA IN Iﬁ
] 1 1 [] 0 1 1 0 0
Co Q  is73 Ls73
cp J cp — SELECT  LS157 —]SELECT LS157
] KEY I I A B C D A [+
CIP l
RER ) DATA Do Dy Do Dy Do Dy Do Dy
i }— Sin —Sin Sin S
ouT F—1Sour Sout Sour
]I ><-_4 CcP b—JCP —CP —4CP
SELECT (Siny 9414-1 9414-2 9414-3 9414-4
1 (To vce) Sout Co —1Co —1Co —1Co
[o] T cP —ic, —4C4 —1C1 —1Cy
G Co C2 —1C2 —C2 —C2
Qo Q4 Qo Q4 Qp Q4 Qo Q¢
Cy
[
MSB LsB
L | 1
TIMING FOR DECIPHER/LOAD DATA CIPHER OUT
SET UP FOR FIFO INPUT
LOAD XOR INTO FIFO )
P #15 L1 #16 L 1 hd 2 d v Ld w0 L v Ld s Lo
LOW \ N
— 2
— LOAD DATA —

s

ENCIPHER/DECIPHER

Cy
SELECT

PERFORM |
XOR

Y

ENCIPHER/DECIPHER

\ |

SETUP FOR F9414 “C” INPUT

(Sin)

NOTES:
1. 8 byte initialization vector following LD KEY

2. 9 clock pulses required to complete load data operation

10-40

Ly




F9414
Application Note

Figure 8 Cipher Feedback Receiver
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Cipher Block Chaining

Cipher block chaining (see figure 9) is similar to cipher
feedback in that successive transmissions are made
dependent on previous transmissions, thereby increasing
the level of security. The CBC transmitter takes the
present 64-bit input vector and exclusive-ORs it with the
output of the encryption unit, then performs an
encryption and the result. The result of the encryption is
transmitted and also exclusive-ORed with the next 64-bit
vector, continuing the chaining process. The receiver
runs synchronously with the transmitter and recovers the
data by performing a decryption and then an exclusive-
OR on the received 64 bits.

The receiver and transmitter must operate in different
modes: encrypt and decrypt (see figures 10 and 11). No
data buffering is necessary at the transmitter, but the
receiver needs a 64-bit buffer to store the previous
transmission. Both receiver and transmitter must start

with the same initialization data or the first 64 bits of
transmission will be incorrectly deciphered.

Internal exclusive-OR gates on the F9414 make
implementation of the CBC transmitter especially
simple. When S,y is high (figure 10), the exclusive-OR of
the D inputs and Q outputs is input to the F9414
register. Since the F9414 can input and output
simultaneously, the input data and the F9414 output are
exclusive-ORed while the result of the DES iteration is
being clocked out at the Q outputs. Therefore, no
additional packages are required.

SUMMARY

~The F9414 4-chip data encryption set combines
exceptionally high performance with general ease of use.
Its speed across the full military temperature range
makes it suitable for demanding applications.

Figure 9 Cipher Block Chaining Mode with Terminal
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Figure 10 Cipher Block Chaining Transmitter
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Configuring a Binary
Vision System with a
CCD3000 Camera
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Figure 1 CCD Block Diagram
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The CCD222 is organized as a matrix array of 488 horizontal elements are precisely positioned on 30 um horizontal
lines by 380 vertical columns of charge-coupled photo- - centers and 18 um vertical centers. The CCD222 has an
elements. The dimensions of these 185,440 photoelements active optical area of 8.8 by 11.4 mm, with a diagonal of
are 12 ym horizontally by 18 um vertically. The photo 14.4 mm.

Figure 2 Structural Detail

The photosite dimensions of a CCD222 sensor are revealed
in this structural detail. Note that photosite separator bar-
riers are transparent, and photosites are optically contigu-
ous along the vertical axis. .
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CCD Imaging offers several advantages over “past-
generation” vacuum tube sensing, including size, weight,
power, sensitivity and reliability. Equipping an automated
process with vision requires interfacing a CCD camera to a
computer providing instant, low cost, effective control and
intelligence. As usual, there are certain obstacles to be
overcome. Some are addressed here utilizing standard com-
ponents and systems with minor modification.

Charge Coupled Devices Fairchild CCD cameras are ideal in many scientific and in-
dustrial imaging applications that require a high degree of
Charge-Coupled Devices (CCDs) are a family of silicon semi- optical accuracy. Fairchild cameras have been successfully
conductor components that operate on a principal called employed in these environments for several years. In part,
“charge-coupling.” Charge-coupling is the collective this is possible because of the precise geometric pixel
transfer of mobile electric charge stored within a storage alignment and high quality linear video response inherent in
element, to a similar adjacent element by the external - each camera through careful circuit and enclosure design
manipulation of applied voltages. CCDs are employed as . techniques. Small, light-weight, and rugged, CCD cameras
memories, analog signal processors and imagers. are well suited for imaging in hostile environments normally

too hazardous for traditional vidicon cameras.
CCD image sensors sense a photon-generated charge in an .

array of depletion regions or potential wells formed by Applications for CCD cameras (some are shown at the end
MOS-type capacitors. Then they serially transfer the charge of this article) include non-contact measurement, product
from each element to an output charge detector amplifier. inspection, color sorting, robot guidance, reconnaissance
Sensors are classified as Linear Imaging Devices (LIDs) or and surveillance.

Area Imaging Devices (AlDs).
As systems develop and improve, CCD Imaging applications

Basically, an LID is composed of a row of image:sensing broaden to include many diverse areas. The advantages of
elements (photosites), two analiog transport registers, and CCD cameras for celestial mapping and tracking are widely
an output amplifier. Light energy falls on the photosites and known and accepted in astronomy. Video data from
generates charge packets proportional to the light intensity. scanned x-ray charts are commonly used for computer
These packets are then transferred in parallel to the analog analysis in medicine. CCD cameras are used as navigational
transport registers and shifted by 2-phase clocks. aids for pilots and provide visual information to both ground
and airborne flight recording systems. Geological mapping
The charge packets are delivered to an on-chip amplifier of the earth’s resources via satellne is an ongomg space
and converted to a proportion’al voltage level. The output, a apphcatlon ’
series of amplitude modulated pulses representmg optical
information, is called vudeo Recent software development in the area of artufnc:al intel-
' ligence has led to “smart” vision systems capable of
AIDs are similar to LIDs except that the photosites are ar- learned image and pattern recognition. Incorporated as the
ranged in an x-y matrix (Figure 1) with opaque transport eyes for robots or automated processes, these systems are
registers located between photosite columns (Figure 2). The playing an ever-increasing role in mechanical assembly,
charge packets are transferred to the output amplifier in quality control, welding and batch sorting tasks.
two separate fields, line by line. This technique is called
interline transfer. : Most vision system implementations require at least one
field of video data be stored in digital memory in real time
The ability to generate, move about and detect discrete for subsequent computer analysis. When imaging at stan-
packets of electrons fulfills a number of image processing dard TV video rates, fast memory and control circuitry are
requirements. Characteristically, solid-state imaging ex- needed. Additionally, processing algorithms need to acquire
hibits features such as unity Gamma, zero lag and no stored video data as contiguous sequential video data lines,
geometric distortion. Conversely, the signal linearity a difficult job to perform on interlaced video using
produced by vidicons depends on uncertain analog sweep hardware-based memory storage techniques.

circuits which are a source of distortion and requires
periodic calibration adjustments. Compared to other solid
state photosensing arrays, CCDs possess a higher dynamic
range (typically 1000:1) and charge transfer efficiency (.9999
typical CTE).
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Figure 3 Typical Automated Vision Configuration

Intelligent Automation

Fairchild’s CCD Imaging Group has demonstrated a
Multibus* binary frame grabber that features the CCD3000
Video Communication Camera for image sensing, a PEP-45
Single-Board Computer as the system controller, and a

32 K byte static RAM multibus memory board for frame
storage. A hardware interface, or ‘‘data organizer”, connects
the camera to the PEP-45 parallel input/output port. This
system (Figure 3) can perform intelligent image and pattern
recognition of high-resolution CCD images. As described,
the system performs interlaced binary video frame grabbing
with non-interlaced bit-mapped storage.

Imaging

Fairchild’s CCD3000 and CCD4000 cameras are rugged, self-
contained units that take advantage of the geometric
accuracy, wide dynamic range, and reliability of a buried-
channel charge coupled device image sensor. The CCD3000
Video Communications Camera provides a 380 element-per-
line interlaced two-fields-per-frame NTSC composite video
signal. The CCD4000 Automation Camera provides video in
a non-interlaced 256-by-256 element square pixel pitch for-
mat required for certain automatic inspection, recognition,
and robot guidance systems. Camera design makes
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Data Organizer

Video Monitor

Muitibus

them ideally suited for intelligent image processing sys-
tems typically found in robotic and automated applications.
Either camera can be installed as a relatively small single
unit, or separated into a sense head connected to the
camera control electronics via cable, Figure 4.

Control

Several computer interface schemes exist for video
cameras. Differences vary depending on the particular imag-
ing application. Binary video is a 1-bit (2-level) digital
representation of analog video relative to some dc threshold
voltage. Digitized video usually refers to a two or more bit
(multilevel) digital interpretation with respect to a voltage
range. In either case, analog-to-digital conversion is
required for frame storage. Direct Memory Access (DMA)
techniques are often employed to allow video data acquisi-
tion in real time. Typically, this means custom-designed
hardware for most off-the-shelf computer boards. Commer-
cially available frame grabbers work well for vidicon
cameras, but are not always readily adaptable to solid state
cameras due to differences in image resolution and pixel
data rates.

*Trademark of Intel Corporation



A PEP-45 single-board computer (Figure 5) from Fairchild’s
Microprocessor Division is used in this system. The PEP-45
uses a 20 MHz F9445 16-bit microprocessor. This board
offers high throughput, multibus capability, and requires
only a single +5 V power supply.

Figure 4 Sense Head Can Be Remote from Control Unit

Figure 5 PEP-45 Single-Board Computer

System strategy is to first convert the analog signal to
binary. Then, by using camera output timing signals, each
video line is translated into a series of 24 data words, (See
Figure 6). Each data word, consisting of 16 consecutive
binary pixels, is fed to the memory mapped input port on
the PEP-45 board. Upon reading the word serial-bit parallel
video information under program control, the PEP-45 trans-
fers the data over the multibus to memory.

RS 170 composite video from the CCD3000 camera consists
of 525 horizontal lines in two fields, Figure 7.One field

" contains every other line of video data (the odd field) and

the other field contains the intervening lines of video data
(the even field). Generally, image processing routines per-
formed on a stored picture frame are on a line-by-line basis.
To facilitate such processing, the video image is stored
non-interlaced. Thus, without additional processing, the
image can be reconstructed by sequencing through memory.

1 2 3 4 5 6 7 8
9 10 1 12 13 14 15 16
17 18 19 20 21 22 23 24
X X X X X X X X
2 3 4 5 6 7 8
9 10 1 12 13 14 15 16
17 18 19 20 21 22 23 24
X X X X X
1 2 3 4 5 6 7 8
9 10 1 12 13 14 15 16
17 18 19 20 | 21 22 23 24

Figure 6 Non-Interlaced Video Map
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Figure 7 Video Timing
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Figure 8 Data Organizer Block Diagram

Data Organizer Operation

The Data Organizer is used as an interface between the
camera and the computer, Figure 8. Composite video from
the camera is fed to an operational amplifier in the or-
ganizer and compared to a dc threshold voltage from a
potentiometer setting to produce Binary Video (BV). The
camera’s 14.32 MHz master clock is divided in half to derive
the video pixel data rate. Composite Blanking, a TTL signal
used to indicate valid video, gates the pixel data clock, al-
lowing it to function as a shift clock. With the occurrence
of each shift clock pulse, binary pixel data is loaded into a
serial-in/parallel-out shift register. Pixel data loaded on
previous clock pulses is shifted over one bit, and a
modulo-16 counter is incremented. A bit-line output from
the register is connected to an oscilloscope or to a 75 Q@
terminated video monitor. This signal provides real-time ob-
servation of Binary Video, allowing optimum setting of the
comparator threshold.

The Word Clock output of the modulo-16 counter latches
the shift register outputs, forming the bit-mapped data word
every 2.236 us during valid line times. Data Ready is ac-
tivated by the Word Clock signal when the Data Request
signal is present. Data Request is removed after the PEP-45
has successfully read the data word, returning Data Ready
to the inactive state, completing a 2-wire handshake cycle.

Since the CCD3000 line resolution (380 pixels) is not an
even multiple of 16, the last data word in each line must be
shifted four places in order to maintain data consistency.
The word counter output is compared to a DIP switch set-
ting indicating the number of words in each video line. The
comparator output resets all counters and logic gates in
preparation for the next video line.

A buffered Field Index input indicates the start of a new
frame (two fields). A reverse video switch connected to the
shift register Select input sets the background/object
polarity to facilitate image processing in either front-lighted
or back-lighted situations.
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Figure 9 Speed Control Modification

The PEP-45 Board

Because the PEP-45 must acquire and store a video data
word in 2.2 ns, instruction times for the image acquisition
routine are critical. A minor board modification (Figure 9)
was made to insure the fastest possible program execution.
The 20 MHz F9445 microprocessor can execute an LDA
(Load Accumulator) and a PSHA (Push Accumulator)
instruction in 1.4 xs, leaving 800 ns to cover PEP-45 board
and multibus overhead. Replacing the PEP-45 boards 16K
words of 2114 NMOS RAM with fast 2148 RAMs for running
the camera service routine eliminates the need for extended
memory cycles.

Polling the status port to determine if the camera data is
ready would require an additional instruction. By allowing
the Data Ready signal from the data organizer to control the
processor’'s RDYD line when the camera is accessed, video
data acquisition time is minimized. Using available gates on
the PEP-45 board, the RDYD delay circuit is reconfigured
as shown in Figure 9. Signals ST, and CM, are removed
from the P3 connector and replaced by RDYD and PIO
respectively. See Table 1.

A 32 K byte, 220 ns cycle time static memory card is placed
on the |IEEE 796 bus and the remaining hardware
configured. Once the program is loaded, the system is
ready to operate.

PEP-45 Board Operation

When the processor is interrupted, the image acquisition
routine is called. The Stack Pointer, line, and field count
registers are initialized. A total of 24 sets of LDA and PSHA
instructions are then executed, retaining the first line of bi-
nary video in the odd field. During the horizontal blanking
period (the time in between valid video lines), the line count
is updated. The Stack Pointer is adjusted, leaving enough

PEP-45 CCD Data Organizer
P3 Connector J5 Connector
Signal Pin Signal
INO 13 D15
IN1 14 ' D14
IN2 " D13
IN3 12 D12
IN4 9 D11
INS 10 D10
IN6 7 D9
IN7 8 D8
IN8 21 D7
IN9 22 D6
IN10 19 D5
IN11 20 D4
IN12 17 D3
IN13 18 D2
IN14 15 D1
IN15 16 DO
RDYD 5 DATA READY
XINT 1 INTERRUPT REQUEST
PIO 4 DATA REQUEST

Table 1. Data Organizer/PEP-45 Connections

memory between the previous and present stack addresses
for storage of the first video line from the alternate (even)
field. Then, the program returns to acquire the next line of
data in the field being acquired and stored (odd field). After
the odd field has been collected, the cycle is repeated for
the even field with the data acquired interlaced with data
already stored from the odd field. Once the total picture
frame is stored in memory, the PEP-45 (or any other proces-
sor sharing the multibus) can access the image data, non-
interlaced, for further processing.

Summary

The CCD3000/PEP-45 combination demonstrates key
capabilities for two diverse Fairchild products - a high-
resolution CCD image containing over 180,000 picture ele-
ments being captured at NTSC video rates by a fast 16-bit
microprocessor board. Superficially, the F9445 microproces-
sor performs a mundane role usually assigned to hardware
logic. However, adept use of the board’s powerful
instruction set can convert the system function from that of
a frame-grabbing camera interface to an extremely capable
image processor. Additionally, interactive console
operation, FS-1 linkage, PEP-BUG and PEP-BASIC readily
support more sophisticated application development.
Multibus-configured distributed processing schemes with
other IEEE-796 masters are feasible.
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Microprocessor Resource
and Training Centers

Microprocessor Resource Center

The Microprocessor Resource Center (MRC) organization
was created to serve as yet another, technically oriented,
Fairchild customer link to a world-wide support structure
that is concerned with all phases of the customer’s require-
ments.

Every MRC is available to assist the customer in microproc-
essor hardware and software development and application
engineering, product definition, and long-term product
strategies. Backed by Fairchild’s expertise and extensive
resources, the MRC is a tool for solving current problems
and planning for future needs.

At each Center is a microprocessor expert who is equally
familiar with standard devices and those Fairchild state-of-
the-art products that are on the leading edge of technology.
Because they understand the microprocessor market and
development trends, these experts provide technical support
and planning assistance that can benefit the customer
through timely and cost-effective system design and
implementation.

As an added convenience, all Microprocessor Division devel-
opment systems can be demonstrated at the MRCs. This
affords the customer an opportunity to assess the perform-
ance and applicability of products in an operational-type
environment.

Training on Fairchild’s microprocessor products is available
at either the customer or MRC location. This training, which
is coordinated by the MRC manager, is performed in con-

junction with the Microprocessor Division Education Center.

MRC Addresses

Jim Gunn

1702 Collins Blvd., Suite 101
Richardson, TX 75081
(214) 234-3391

TWX: DALL

Ralph Hayhurst

500 Park Blvd., Suite 575
Itasca, IL 60143

(312) 773-3300

TWX: ROLL

Karl Kulp

4570 W. 77th Street, Suite 356
Edina, Ml 55435

(612) 835-3322

TWX: MINN

Rich Morse

5 Speen Street
Framingham, MA 01701
(219) 483-6453

TWX: FHAM

Gene Price

1570 Brookhollow, Suite 206
Santa Ana, CA 92705

(714) 557-7350

TWX: SANA

Microprocessor Education Center

Education plays a key role in the technical support of a
microprocessor user. It is essential to a full understanding
of the complexities, capabilities, and applications of
modern processor products, and is therefore treated as an
important component of the Fairchild Microprocessor
Division customer support structure.

The most recent advances in microprocessor technology
are included in the Fairchild Microprocessor Eduction
Center courses, which feature a maximum amount of
hands-on experience. Indeed, the major thrust of the
training courses is to focus on the general techniques of
microprocessor usage. This emphasis, it is felt, best pre-
pares the student to apply the available design and develop-
ment tools to specific applications in an efficient manner.

The following Education Center course offerings are
included.

©® F8 and F3870 Microprocessor Systems
Intended to introduce the student to the Fairchild F8 and
F3870 microprocessor systems, this course provides
basic knowledge of F8 and F3870 hardware, software,
applications, and development aids. Included are labora-
tory sessions in which the student applies that knowl-
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edge in practical situations. Among the areas covered
are device features and architecture, use of the various
registers, machine and assembly language syntax, pro-
gram writing and debugging, and hands-on use of the
PEP 38 and Formulator systems.

® F6800 Microprocessor Family
This course provides the student basic knowledge of
Fairchild F6800 8-bit microprocessor family hardware,
software, applications, and development aids. Included
are laboratory sessions in which the student applies that
knowledge in practical situations. Among the areas cov-
ered are device features and architecture, register organ-
ization and use, system configurations, program writing
and debugging, and hands-on use of the various training
and development aids.

©® F9445 Family Introduction
This course is an overview of the Fairchild F9445 16-bit
microprocessor and its supporting circuits. Consisting of
both lecture and laboratory sessions, with emphasis on
hands-on experience, the course covers such areas as
F9445 CPU and system timing, software, device features
and architecture, and use of the FS-| and EMUTRAC
development aids.

@ F16000 Family introduction
Introducing the student to the Fairchild F16000 16-bit
microprocessor family, this course is an overview that
consists of both lecture and laboratory sessions. Empha-
sizing hands-on experience in the laboratory, the course
covers such areas as device features and architecture,
CPU and system timing, principles of memory manage-
ment and virtual memory, floating point arithmetic, and
familiarization with design aids.

11-4

FS-1 Development System :

This course introduces the student to the Fairchild
System-| (FS-l) development system, emphasizing hands-
on experience. Included is coverage of operating system
usage, utility software usage, high-level languages and
their associated compilers and interpreters, and the
EMUTRAC emulation and tracking system.

Microprocessor Control and Interface

This course is intended to introduce the student to the
principles and techniques of microprocessor control and
interfacing. Opportunity is provided for hands-on experi-
mentation with a mini-development system. Included in
the course are a review of microprocessor fundamentals,
transducer types and applicability, conversion tech-
niques, and parallel and serial formats.

Pascal for Microprocessors

An introduction to the high-level Pascal language, this
course teaches the student the skills required to produce
software in Pascal for many practical applications, in-
cluding real-time computing, scientific and engineering-
type problem solving, and data processing.
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Alabama Georgia New Jersey

Huntsville Office
500 Wynn Drive, Suite 511
Huntsville, Alabama 35805
Tel: 205-837-8960

Arizona

Phoenix Office

2255 West Northern Road, Suite B112
Phoenix, Arizona 85021

Tel: 602-864-1000 TWX: 910-951-1544

California

Los Angeles Office*

Crocker Bank Bldg.

15760 Ventura Bivd., Suite 1027
Encino, California 91436

Tel: 213-990-9800 TWX: 910-495-1776

San Diego Office*

4355 Ruffin Road, Suite 100

San Diego, California 92123

Tel: 714-560-1332 TWX: 810-335-1512

Santa Ana Office*

1570 Brookhollow Drive, Suite 206
Santa Ana, California 92705

Tel: 714-557-7350 TWX: 910-595-1109

Santa Clara Office*

3333 Bowers Avenue, Suite 299
Santa Clara, California 95051

Tel: 408-987-9530 TWX: 910-338-0241

Colorado

Denver Office

1200 E. Girard Ave., Suite 222, Bldg. B
Denver, Colorado 80231

Tel: 303-695-4927

Connecticut

Meriden Office

250 Pomeroy Avenue, Suite 202
Meriden, Ct. 06450

Tel: 203-634-8722

Florida

Ft. Lauderdale Office

5237 N.W. 33rd Ave. Suite 2D

Ft. Lauderdale, Florida 33309

Tel: 305-485-7970 TWX: 510-955-4098

Orlando Office*

Crane’s Roost Office Park

399 Whooping Loop

Altamonte Springs, Florida 32701
Tel: 305-834-7000 TWX: 810-850-0152

Atlanta Sales Office

3220 Pointe Pkwy, Suite 1200
Norcross, GA 30092

Tel: 404-441-2740

Illinois

Itasca Office

500 Park Blvd., Suite 575
Itasca, lllinois 60143
Tel: 312-773-3300

Indiana

Indianapolis Office

7202 N. Shadeland, Room 205
Castle Point

Indianapolis, Indiana 46250

Tel: 317-849-5412 TWX: 810-260-1793

lowa

Cedar Rapids Office

373 Collins Road, NE, Suite 200
Cedar Rapids, lowa 52402

Tel: 319-395-0090

Kansas

Kansas City Office

8600 West 110th Street, Suite 209
Overland Park, Kansas 66210
Tel: 913-649-3974

Maryland

Columbia Office

1000 Century Plaza, Suite 225
Columbia, Maryland 21044

Tel: 301-730-1510 TWX: 710-826-9654

Massachusetts

Framingham Office

5 Speen Street

Framingham, Massachusetts 01701
Tel: 617-872-4900 TWX: 710-380-0599

Michigan

Detroit Office*

21999 Farmington Road
Farmington Hills, Michigan 48024
Tel: 313-478-7400 TWX: 810-242-2973

Minnesota

Minneapolis Office*

4570 West 77th Street, Room 356
Minneapolis, Minnesota 55435

Tel: 612-835-3322 TWX: 910-576-2944

New Jersey Office
Vreeland Plaza

41 Vreeland Avenue
Totowa, New Jersey 07511
Tel: 201-256-9006

New Mexico

Albuquerque Office

North Building

2900 Louisiana N.E. South G2
Albuquerque, New Mexico 87110
Tel: 505-884-5601 TWX: 910-379-6435

New York

Fairport Office

815 Ayrault Road
Fairport, New York 14450
Tel: 716-223-7700

Hauppauge Office

300 Wheeler Road, Suite 201
Hauppauge, New York 11788
Tel: 516-348-0900

Poughkeepsie Office

19 Davis Avenue

Poughkeepsie, New York 12603

Tel: 914-473-5730 TWX: 510-248-0030

North Carolina

Raleigh Office

1100 Navaho Drive, Suite 112
Raleigh, North Carolina 27609
Tel: 919-876-9643

Ohio

Dayton Office

5045 North Main Street, Suite 105
Dayton, Ohio 45414

Tel: 513-278-8278 TWX: 810-459-1803

Cleveland Office

6133 Rockside Rd., Suite 407
Cleveland, Ohio 44131

Tel: 216-447-9700

Oklahoma

Tulsa Office

9810 East 42nd Street, Suite 127
Tulsa, Oklahoma 74145

Tel: 918-627-1591

Oregon

Portland Office

8196 S.W. Hall Blvd., Suite 328
Beaverton, Oregon 97005

Tel: 503-641-7871 TWX: 910-467-7842
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Pennsylvania

Philadelphia Office*

2500 Office Center

2500 Maryland Road

Willow Grove, Pennsylvania 19090
Tel: 215-657-2711

Tennessee

Knoxville Office

Executive Square |l

9051 Executive Park Drive, Suite 502
Knoxville, Tennessee 37923

Tel: 615-691-4011

Texas

Austin Office

8240 Mopac Expressway, Suite 270
Austin, Texas 78759

Tel: 512-346-3990

Dallas Office

1702 North Collins Street, Suite 101
Richardson, Texas 75081

Tel: 214-234-3391 TWX: 910-867-4757

Houston Office

9896 Bissonnet-2, Suite 470
Houston, Texas 77036

Tel: 713-771-3547 TWX: 910-881-8278

Canada

Toronto Regional Office

2375 Steeles Avenue West, Suite 203
Downsview, Ontario, M3J 3A8, Canada
Tel: 416-665-5903 TWX: 610-491-1283
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Fairchild European Design Center Hong Kong Taiwan

SHIRE HALL
Shinfield Park
Reading, England
Tel: 0734752175

Australia

Fairchild Austr. Pty. Ltd.
Suite 1, First Floor

366 White Horse Road
Nunawading, Victoria 3131
Tel: 61-3-8775444 Telex 36496

Austria

Fairchild Electronics GmSH
Meidlinger Hauplstr. 46

Tel: (0222) 858682/83 Telex 075096

Benelux

Fairchild Semiconductor
Ruysdaelbaan 35

5613 Dx Eindhoven

The Netherlands

Tel: 00-31-40-446909 Telex: 00-1451024

Brazil

Fairchild Semiconductores Ltda.
Caixa Postal 30407

Rua Alagoas, 663

01242 Sao Paulo, Brazil

Tel: 66-9092 Telex: 011-23831
Cable: FAIRLEC

France

Fairchild Camera & Instrument S.A.
121, Avenue d’ltalie

75013 Paris, France

Tel: 331-584-55 66 Telex: 0042 200614 or
260937

Germany

Fairchild Camera and Instrument GmBH
Daimlerstrasse 15

8046 Garching Hochbruch

Munich, Germany

Tel: (089) 320031 Telex: 52 4831 fair d

Fairchild Camera and Instrument GmBH
Oeltzenstrasse 15

3000 Hannover

W. Germany

Tel: 0511 17844 Telex: 09 22922

Fairchild Camera and Instrument GmBH
Poststrasse 37

7251 Leonberg

W. Germany

Tel: 07152 41026 Telex: 07 245711

Fairchild Semiconductor HK Ltd.
135 Hoi Bun Road

Kwun Tong

Kowloon, Hong Kong

Tel: 3-440233 and 3-890271
Telex: HKG-531

Italy

Fairchild Semiconducttori, S.P.A.

Via Flamenia Vecchia 653

00191 Roma, Italy

Tel: 06 327 4006 Telex: 63046 (FAIR ROM)

Fairchild Semiconducttori S.P.A.
Viale Corsica 7

20133 Milano, ltaly

Tel: 296001-5 Telex: 843-330522

Japan

Fairchild Japan Corporation
Pola Bldg.

1-15-21, Shibuva

Shibuya-Ku, Tokyo, 150, Japan
Tel: 03 400 8351 Telex: 242173

Fairchild Japan Corporation
Yotsubashi Chuo Bldg.
1-4-26, Shinmachi

Nishi-Ku, Osaka 550, Japan
Tel: 06-541-6138/9

Korea

Fairchild Semikor Ltd.

K2 219-6 Gari Bong Dong

Young Dung Po-Ku

Seoul 150-06, Korea

Tel: 85-0067 Telex: FAIRKOR 22705

(mailing address)
Central P.O. Box 2806

Scandinavia

Fairchild Semiconductor AB
Svartengsgatan 6

S-11620 Stockholm

Sweden

Tel: 8-449255 Telex: 17759

Singapore

Fairchild Semiconductor Pty. Ltd.
No. 11, Lorong 3

Toa Payoh

Singapore 12

Tel: 531-066 Telex: FAIRSIN-RS 21376

Fairchild Semiconductor Ltd.
Hsietsu Bldg., Room 502

47 Chung Shan North Road
Sec. 3 Taipei, Taiwan

Tel: 573205 thru 573207

United Kingdom

Fairchild Camera and Instrument Ltd.
Semiconductor Division

230 High Street

Potters Bar

Hertfordshire EN6 5BU

England

Tel: 0707 51111 Telex: 262835

Fairchild Semiconductor Ltd.

17 Victoria Street

Craigshill

Livingston

West Lothian, Scotland-EH54 5BG
Tel: Livingston 0506 32891

Telex: 72629
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Fairchild reserves the right to make changes in the circuitry or specifications
at any time without notice. Manufactured under one of the following U.S.
patents 2981877, 3015048, 3064167, 3108359, 3117260; other patents pending.
Fairchild cannot assume responsibility for use of any circuitry described
other than circuitry embodied in a Fairchild product. No other circuit patent
licenses are implied.
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