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: | - Re68450

R68000 Microcomputer System
PRODUCT PREVIEW

DIRECT MEMORY ACCESS CONTROLLER (DMAC)

HMOS

(HIGH DENSITY N-CHANNEL,
SILICON-GATE DEPLETION LOAD}

The R68450 Direct Memory Access Controller (DMAC) offers
the system designer unparalleled performance where both
speed and flexibility in data transfer are required. Sophisti-
cated chaining techniques, memory-to-memory block trans- DMA CONTROLLER
fers, and variable bus bandwith utilization result in optimum
data transfers. Internal 32-bit address registers provide up-
ward software compatibility with future R68000 Family pro-
cessors.

Compatible with both R68000 Family and 6500/6800 Pe-
ripherals

o Four, Fully-Independent Channels
e Single or Dual Address Transfers NA GRAM
FUNCTIONAL D!A
e Byte, Word, or Long Word Transfers
o Memory-to-Memory Block Transters
e Supports both Chained and Unchained Operations ABAZY
e Transfer Rates up to 4 Megabytes Per Second Do015 l« a0
e Supports Vectored Interrupts AT-A7 ey [— acker
. . [— PCLO"
o Supports Array or Linked Array Chaining R/t
e 16-Bit Data Bus S—> —
e Programmable Priorities UDS ~—>] — ack1
DS «—>f le—>pcL1
DTACK 3
BR <—] l«—— REQ2
BG—» —— ACK2
BGACK -1 [ PCL2
INTR €— R68450 [+——Rt03
TACK ——3 —— ACK3
[ PCL3
OWN <«—
UAS «—
HIBYTE <—
DBEN<-—
DDIR «—| le—> DONE
BECE ——>]
e,
azcz———‘ —01C
CLK——> ——»FC0
Veg — —>FC1
GND—— —>FC2
i




R68450

INTERNAL ORGANIZATION

[ 7
Charnel Channel

Status Register . Suatus Register
Crannel Channer

Eror Regster

Error Regsier

Control Register Control Register

Operation o
Control Regster

Sea

raton
Convor Registe

Sequence

Control Register Control Registe:

Channel Channe!
Control Register Control Register

Normal

Normal

veropt Vector Channel 0 Tnterrupt Vector Channel 1
Eror

Ervor
Interruot Vector Interrupt Vector

Channel

Channer
Prionty Register Priony Regsier

mon Memory
Fun:-eonoc;das Funcuon Codes
Device Device
Funcuon Codes Function Codes
Base Base
Functon Codes 15 Funcuion Codes 15

Memory Transter Counter Memory Transter Counter

Base Transtar Counter

5 Base Transter Counter 3
Agdress Register
Memory Address Register Memory Address Registe
Device Address Register Device Addiess Regser
Base Address Regster Base Address Regster
7 0 7
Cranner Channet
Stawus Register Siatus Regsster
Crannel Cranner
Error Register Error Regrster
Device
Control Register Control Register
Operanon Operation
Cuntrol Regster Control Regisier
equence Sequence
Control Register Contiol Regsster
- et Crannet
ES Control Regsier Control Register
=3 Normal Channel 2 Nomal
Ie Ierrupt Vectar anne Interrupt vector Channel 3
— E rror Ercor
Interrupt Vector Interrupt Vecior
Channel Channel
Prionty Register Prory Regster
Memory Memory
Furction Codes Funcuion Codes
Device Device
Funcuon Codes Funcuion Coges
Base Base
Funciion Codes 15 Funcuon Codes 15
Memory Transter Counter Memory Transter Counter
Base Transter Courter n Base Transter Counter 3
Memory Aadress Register Memory Address Register
Dewce Aduress Register Device Address Register
Base Address Register Base Address Register

Electronics Devices Division
S ’ ROCkwe." P.O. Box 3669, RC55; Anaheim, CA 92803
International Phone (714) 632-3729



R68561

R68000 Microcomputer System
PRODUCT PREVIEW

ON Rociwell

MULTI-PROTOCOL
COMMUNICATIONS CONTROLLER (MPCC)

The R68561 Multi-Protocol Communication Controller HMOS

(MPCC) is a serial data communications’ interface for the

R68000 Family. This device meets the basic interface re- {HIGH DENSITY N-CHANNEL,
quirements of asynchronous, bit- and byte-oriented syn- SILICON-GATE DEPLETION LOAD)
chronous communication protocols. To keep device count

low, the MPCC also contains an internal crystal oscillator and MULTI-PROTOCOL

baud rate generator. COMMUNICATIONS CONTROLLER

o Complete Data Communications Interface

e Line Protocols:
Asynchronous
Bit-Oriented Synchronous (X.25, SDLC, HDLC)
Byte-Oriented Synchronous (BISYNC, DDCMP)

o Interface Compatible with R68450 DMAC
e Self Test Loop Mode
e Single 5-Volt Power Supply

e Full or Half Duplex Operation

e Multiple CRC Character Generation and Error Detection '
FUNCTIONAL DIAGRAM
o Internal Baud Rate Generator

[—> RTS

o Internal Crystal Oscillator —
[¢—— C15

a v
8 35
gc=3
=]
E‘Bm
2F .

o Complete Status Reporting Capability ALAS .
——» DTR

e Buffered Transmit and Receive Registers 0007
o Supports Vectored Interrupts AW
o R68000 Bus Compatible

R68561

—-1
—4
-y
-
IACK ——»
—
—
—
—
—t
—af
—

AVAILABLE 3Q 1982
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when one-chip gets you more...It’s a

Rockwell PPS-4/1

The common component in
uncommon success —
PPS-4/1 one-chip microcomputer

- -

2, .

‘ Rockwell
International

- . . where science gets down to business



Why a Rockwell One-Chip PPS-4/1
Microcomputer Gets You More...

Lower Total System Cost

If you're designing manual-input equipment such as business
machines, games, controllers or telephone terminals, Rockwell
PPS-4/1 one-chip microcomputers have high promise of lowering
your total system costs. These four-bit chips are so powerful they
often fit applications where with ordinary one-chip microcomputers
you'd need eight-bit devices at about twice the cost.

More than 10 million Rockwell one-chip microcomputers are in use
worldwide. Study the chart at right. You'll quickly see why Rockwell
PPS-4/1 microcomputers are so cost-conscious and so useful.

Highlights of Features

Instruction efficiency: Typically, instructions are executed in one
byte in one cycle and in 10 microseconds — all you need for man-
machine interfacing.

Lots of 1/0 Ports: Including serial ports for easy cascading or
combining with host systems, and some I/O ports will source up to 10
milliamps. '

On-Chip Display Drives: Directly drive VF or LED displays.
Battery Level Power: In a phrase, “CMOS power at PMOS prices.”

Low Cost Designing: Rockwell fully supports you with applications
engineering, designers’ classes and ready-to-go software packages.
And Much More: High immunity to noise; broad operating voltage
tolerances, and high breakdown voltage.

e
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Applications Where Rockwell PPS-4/1 Microcomputers
Get You More in End-Product Features for Less Cost

MM75 MM78

APPLIANCE CONTROLS P , l?‘
o General -
¢ Microwave Ovens
® Ranges
® Blenders

AUTOMOTIVE FEATURES CONTROLS
CASH REGISTERS, STAND-ALONE
COIN CHANGER CONTROL

ENVIRONMENTAL CONTROL
o Intefligent Thermostat
o Heat Pump/Air Conditioner

EQUIPMENT CONTROLLERS
® Dot Matrix Printers
o Motor Controllers
® Keyboard-Display

GAMES
o Hand-Held
o Arcade

GAS PUMP/TRAFFIC CONTROLS
INSTRUMENTS, SIMPLE/SMART
LANGUAGE TRANSLATORS

MACHINE TOOL/PROCESS CONTROLS

RADIO
o Tuners
® Scanners

SCALES

o Commercial

o Consumer
SECURITY SYSTEMS

SMALL BUSINESS SYSTEMS
o Portable Data Entry
® Desk-Top Calculators

TELEPHONE
o Auto-Dial
¢ Switching
o Answering Equipment

TIMERS/CLOCKS

TV TUNERS

UNIVERSAL LOGIC MODULE
UTILITY MONITORING EQUIPMENT

gy

MM78L MM78L MM78LA
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Rockwell PPS-4/1 Microcomputers Get You More
Through Low-Cost Design Approaches

Prototype Devices

Rockwell provides a 64-pin DIP Emulation
Device for each PPS-4/1 model. The Emulator
is designed to interface with external PROM
or ROM or RAM, and with peripherals of the
total system. This enables you to test your
system in real time, including software testing
and debugging, and circuit hardware
checking. You can even perform field analysis
of the prototype equipment prior to submitting
your ROM code for production.

XPO-1 Evaluation Module

At the low end of software development oper-
ations, Rockwell provides a sophisticated
evaluation module with hexadecimal key-
board. Designated XPO-1, this module can
be used for software development with a
PPS-4/1 Emulator device. It has the advan-
tage of low price — below $500. But devel-
oping a full program with it is time-consuming.

SUMMARY OF PPS-4/1
ONE-CHIP MICROCOMPUTER
MODELS

STANDARD MODELS

MM75 Has CPU, 640 x 8 ROM, 48 x 4 RAM, A75XX
internal clock logic and 22 I/Q lines. (A7699)
28-pin dual in-line package.

MM78 Has CPU, 2048 x 8 ROM, 128'x 4 RAM,  A78XX

internal clock logic and 31 I/O lines. (A7899)
42-pin quad in-line package.

LOW POWER/LOW VOLTAGE

MODELS

MM76EL Has CPU, 1024 x 8 ROM, 48 x 4 RAM,  B86XX
internal clock logic and 31 1/O lines. (B8699)

40-pin dual in-line package.
MM78L  Same internal features as MM78. 40-pin  B78XX

dual in-line package. (B7899)
M78LA Has CPU, 2048 x 8 ROM, 128 x 4 RAM,  B90XX
internal clock logic and 35 I/O fines (B9099)

(including speaker and display 1/0).
42-pin quad in-line package.

NOTE: PART NUMBERS IN BRACKETS ARE FOR PROTOTYPE DEVICES.

PPS-4/1 Personality Subsystem

For fast, complete development of programs
for PPS-4/1 devices, Rockwell has developed
a PPS-4/1 Personality Subsystem for use with
our SYSTEM 65 Development System.

The PPS-4/1 Personality Subsystem serves
as a cross-assembler for all PPS-4/1 devices.
Similarly it enables in-circuit emulation.
Debugging capability of the subsystem is total,
including breakpoints, trace, up load/down
load, register alter, program memory alter and
single stepping. Full prototyping of the end-
product's system and peripherals is also pro-
vided. This advanced development system,
including SYSTEM 65, is priced well under
$10,000.

Rockwell Services

Rockwell provides Applications Engineering
assistance for all of its customers, usually at
no cost. Designers’ Courses are available.
Rockwell is also ready to discuss designing
your product’s microelectronic system with its
own resources. Module manufacturing is also
available.
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Rockwell PPS-4/1 One-Chip Microcomputers Give You More
Because You Can Pick The Right Chip At The Right Price

Features/Models MM75 MM78 MM76EL MM78L MM78LA
ROM (x 8) 640 2048 1024 2048 2048
RAM (x 4) 48 128 48 128 128
Speed (us) 12.5 12.5 10.0 10.0 10.0
Total 1/0O Lines 22 31 31 31 35

Cond. Interrupt 1+ 1" 2 2 2 1*
Parallel Input 4 8 8 8 8
Parallel Output — —_ — — 14
Bidirectional Parallel 8 8 8 8 —
Discrete 9 10 10 10 10
Serial — 3 3 3 —
Speaker — — — — 3
Programmable Logic Array 16 x 8 — 16 x 8 — 32x 14

(PLA)
Tone Generator Counter — — — — 8-bit
Package (In-Line) 28-pin 42-pin 40-pin 40-pin 42-pin
dual quad dual dual quad

Power

—-15V @ 75 mw (typical)

-6.5to ~11V @ 15 mw (typical)

*Multiplexed
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PART NUMBER
A75XX

PARALLEL PROCESSING SYSTEM (P@
DATA SHEET

PPS-4/1 One-Chip

Microcomputer Family M M 7 5

one-chip microcomputer system

INTRODUCTION RIO8/INTI =1 @ 281 Rio7
RIO1 ]2 273 RI06
The Rockwell MM75 one-chip microcomputer is primarily designed RIO2 =13 261 Rjos
1o fit the lowest cost requirements of equipment designers. Butin RIO3 C]4 25 E INTO
addition to cost advantage, it provides system functions not pres- RI04 s 243 po
ently available in competitive micropjocessors. . piyoo e 233p)4
pi/o1 7 2233
On a single LS chip, the MM75 provides a complete 4-bit parallel DI/02 8 213 p12
microcomputer system — versatile Central Processing Unit (CPU), pro3tle 2083514
Instruction Decode, Program Save Register, Program Memory pi/oalj10 19 vss
(ROM), Data Memory (RAM), Program Counter (P), Data Address bi/os 11 18 voo
Register (B), nine input/output discrete drivers/receivers, two pi/os 12 17 ve
4-bit parallel input/output channels, one 4-bit parallel input piyo7413 16 A
channel, Interrupt and Control logic, and a self<ontained Clock vss 14 153 p)/08
Generator circuit.
In addition to stand-alone system applications, the MM75 can be PPS-4/1 MM75 Pin Configuration
directly included in other multi-chip systems as a dedicated slave
controller.

To facilitate system and program development, Rockwell provides
powerful development aids listed under “Features” at right.

FEATURES
The MM75 is a member of the MM76 series of microcomputers.
Consult the MM76 SERIES USER’S MANUAL for detailed hard- @ 640 8-bit bytes of program memory (5120 bits)
ware and software specifications {(Document Number 29410N47). e 48 4-bit data words {192 bits)
MM75 device codes may be submitted using the PMOS ROM ® 16 8-bit word decode matrix {128 bits)
CODE ORDER FORMS (Document Number 29000N33). e Two interrupt request input lines
e TTL and CMOS compatible
The MM75 may be ordered with combinations of the following ® Arithmetic logic unit and four working registers
features {not every combination is available). e 22 input/output ports
e Large instruction set — over 50 instructions
Operating Temperature e Multifunction instructipns increase throughput
0°C to +50°C (Consumer) e Single power supply operation {-15 volts +5%)
0°C to +70°C (Commercial) o Low power (75 milliwatts typical, 125 milliwatts max)
® 28-pin, dual-in-line package
Maximum Negative Voltage e Powerful development aids:
-30 Volts (Vacuum Fluorescent Drive) — SYSTEM 65 with built in mini-floppy disks and PPS-4/1
-16 Volts (Standard) ’ Personality subsystem

— XPO-1 Evaluation Microcomputer Module

— Development Circuit (P/N A7699) provides address and/
device data lines so that the Program Memory can be in
external PROM or RAM for emulating the MM75

— Training Courses are available

— International Applications Engineering Support

\

©Rockwell International Corporation 1981 Sooci'iwfom subject to
All Rights Reserved change without notice
Printed in U.S.A, Document No. 29000 D37

Rev. 4, May 1981
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FUNCTIONAL DESCRIPTION
PROGRAM COUNTER (P) and SA REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction. The address in the P Register is automatically
incremented each cycle time during normal operation to address
the next instruction. In addition, instructions are available to
alter the address in the P Register as necessary to fetch an instruc-
tion from any address in program memory.

After PO reset, the program counter contains address Hex 1CO.
This location must contain a NOP instruction.

The SA Register is a ‘‘save” register which saves the incremented
value of current address in the P Register during subroutine
execution. This provides a means of returning from a subroutine
directly to the next instruction after the subroutine cali.

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides 640 8-bit words of storage for instructions and
constants required to-operate the microcomputer. Under control
of the Program Counter the ROM will read out the addressed
instruction which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instruc-
tions pulled from ROM to provide contro! for data transfers,
arithmetic operations, other processing functions and input/
output operations,

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations
in RAM and the discrete input/output ports are addressed by the
4 bits in BL and the 2 bits in BU.

A number of multifunction instructions simultaneously modify
B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

S REGISTER

The S Register is a 4-bit register which is used as a working register
or an auxiliary storage register to the Accumulator. It can be used
as a temporary storage register executing the XAS instruction.

ACCUMULATOR and ARITHMETIC LOGIC UNIT
{A, ALU, and C)

The primary working register in the MM75 is the Accumulator
{A). 1t is the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform either binary
or decimal arithmetic. Constants may be loaded into the Accu-
mulator from the read only memory or variable data may be
loaded from, or exchanged with the random access merr{ory
{RAM) under control of the Data Address Register (B). The
Accumulator is also the primary path for 4-bit paralle! input
or output data.

CLOCK CONTROL (VC, OSCILLATOR)

The internal Oscillator and Clock circuit generates a four-Phase
clock signal used for all internal logic functions. The A clock
term is also brought out so external logic can be synchronized.
The clock frequency is a nominal 80 kHz +£40%.

An external clock mask option is available. If this option is
chosen, the A clock becomes the external clock input and VC
must be tied to VDD through the appropriate resistor.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input
or output values, hold intermediate results, or be used as a register
for timers, counters, comparators, etc.

A BUFFER

The contents of the Accumulator or 4 of the bits from the 16 x 8
Decode Matrix may be output for control, display, or data transfer
functions through the A Buffer. The A Buffer holds the data for
output until new data is received from the Accumulator or the
Decode Matrix, or until the power is turned off.

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full eight outputs for the Decode
Matrix.

CHANNEL 1 INPUT PORTS (PI1 through P14)

The parallel input port PI1 through P14 will be loaded into the
Accumulator upon command. The receivers are TTL compatible
and are synchronized (phase 1 time) so that asynchronous input
signals may be used.

CHANNEL A 1/0 PORTS (RI101 through RI104)

The four parallel input/output ports R101 thru R104 provide a
masked input capability and an output from either the 16 x 8
Decode Matrix or directly from the Accumulator.

CHANNEL B 1/0 PORTS (R105 through R108)

The four parallel input/output ports of Channel B function the
same as the four ports of Channel A. Together, they provide an
8-bit parallel output. RIO8 also has the capability to be used
as a conditional interrupt (INT1).

CONDITIONAL INTERRUPTS {INTO and OPTIONAL INT1)

The conditional interrupts INTO and RIO8 {INT1) may be used to
detect external signals and set internal controi flip-flops. The
receivers are TTL compatible and synchronized with INTO sam-
pled at phase 3 and RI108 sampled at phase 1.

The conditional interrupts (edge detect) input lines in the PPS-4/1
family are very useful. The RIOS8 line can be used in two ways
as part of the parallel 1/0 Channel B or as the INT1 line. When
used as an interrupt line, R1IO8 will respond to the INT1H and
DIN1 commands. When used as part of the bidirectional 1/O
Channel B, it is controlled with the IBM, OB and the SEG2
instructions.

DISCRETE INPUT/OUTPUT PORTS (DI/O0 through DI/08)

There are nine discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

16 X 8 DECODE MATRIX

The Decode Matrix provides a means of decoding the contents
of the Accumulator to provide an 8-bit output suitable for driving
various displays or other external devices. The user may define
any code desired. The Development device for the MM75 has a
BCD to seven segment conversion provided. Accumulator con-
tents of 0-thru F produce O thru 9, A, -, P, d, E and blank respec-
tively. The carry flip-flop controls one independent output tine.



PPS-4/1 MM75 INSTRUCTION SET

RAM Addressing Instructions

XAB Exchange A with BL
LBA Load BL from A
LB L.oad BU=0, BL=Immediate
EOB Exclusive OR BU
LBL Load B Long
INCB Increment B
DECB Decrement B
Bit Manipulation Instructions
SB Set Bit

Reset Bit
SKBF Skip on Bit False

Reg:ster to Register Instructions
Exchange A and S
LSA Load S from A

Register Memory Instructions
L

Inpu(lOu(put Instructions

SO Set Output Selected

ROS Reset Output Selected

SKISL Skip on Input Selected Low
IBM Input Channel B ANDed with A
oB OQutput from A to Channel 8
1AM Input Channel A ANDed with A
OA Qutput from A to Channel A

11 Input Channel 1

INT1H Skip if INT1 Input (RI08) is Low
DIN1 Skip if INT1 Flip-flop is Reset
INTOL Skip if INTO Inputis High
DINO Skip if INTO Flip-flop is Reset
SEG1 Decoder Matrix to Channel A
SEG2 Decoder Matrix to Channel B

Ccndmcnal Transfer Instructions
Transfer on Carry Set

Load A from Memory TNC Transfer on No Carry Set
o] Exchange A and Memory o TLC Transfer Long on Carry Set
XDSK Exchange A with Memory. Decrement BL and Skip if TLNC Transfer Long on No Carry Set

BL Counts to 1A5 P TBF Transfer on Bitin Memory False
XNSK Exchange A with Memory. Increment BL and Skip if TBT Transfer on Bitin Memory True

BL Counts 10 0 TLBF Transfer Long on Bit in Memory False
Arithmetic Instructions TLBT Transfer Long on Bitin Memory True
A Add Memory to A TE Transfer on A = Memory
AC Add Memory with Carry to A TNE Transfer on A # Memory
ACSK Add Memory with Carry to A and Skip on No Carry-out TLE Transfer Long on A = Memory
ASK Add Memory to A and Skip on no Carry-out TLNE Transfer Long on A # Memory
DC Decimal Correction TIH Transfer if Input High
comM Complement A TIL Transfer if Input Low
RC Reset Carry TLIH Transfer Long if Input High
SC Set Carry TLIL Transfer Long if Input Low
SKNC Skip on No Carry ROM Addressing Instructions
LA} Load A with Immediate Field RT Return from Subroutine
AISK Add immediate and Skip on No Carry-out RTSK Return and Skip
Logical Comparison Instructions T Transfer on Page
SKMEA Skip it Memory Equals A NOP No Operation
SKBEI Skip it BL Eguals Immediate Field TL Transfer Long
SKAE! Skip if A Equals Immediate Field ™ Transfer and Mark

TML Transfer and Mark Long
9 DISCRETE
INPUTS/OUTPUTS
INTO f
Vs Y vy v
MULTIPLEX!
Vop——» * R/08 - INTh INTERRUPT ORIVERS AND BECEIVERS |

I 0 .

i

T

DATA Al
B REG!

1

\DDRES$
ISTER

(48 4)
RAM

INSTRUCTION
DECODE f I

A “) o
DRIVERS AND —
A RECEIVERS CHANNEL 4
BUFFER R/O1-4
16 x 8 DECODE
s .
SUPER DRIVERS AND 2 ©
RECeIviRs CHANNEL 8
R/OS-8e
Le—> 4
REGISTER

ROM
v (640 8)
‘b0 0— I A I
> I
180K >
PO
L0474 FROGRAM
v T° A COUNTER
55 0—
VDD
ALU
S6K
v, vC
OSCILLATOR
0.033,1 TEST
vis ]' v AND CLOCK CONTROL

TEST

Pli-4
CHANNEL )

PPS-4/1 MM75 System Block Diagram
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SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage:

VDD = -15 Volts £5%
(Logic 1" = most negative voltage V| and Vg .}

VSS = 0 Volts (Gnd.)
(Logic 0" = most positive voltage V4 and VoR.)

System Operating Frequencies (Internal Clock):
90 kHz £40% with external resistor

Max Operating Frequency (External Clock):
100 kHz

Device Power Consumption:
75 mw, typical

Input Capacitance;

Input Leakage:
<10 pa
Open Drain Driver Leakage (R OFF):
<10 pa at maximum voltage
Operating Ambient Temperature (TA):
0°c to 70°C (TA = 25°C unless otherwise specified.)
Storage Temperature:
-55°C to 120°C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
{with respect to VSS)

Maximum negative voltage on any pin -30 volts (vacuum fluores-
cent drive).

Maximum negative voltage on any pin -15 volts (standard).

< 5pf Maximum positive voltage on any pin +0.3 volts.
LIMITS {VSS = 0) LIMITS (VSS = +5V) TIMING
(SAMPLE/ TEST
INPUT/OUTPUT SYMBOL MIN TYP MAX MIN TYP MAX GOOD) CONDITIONS
Supply Current {Average} IDD 5 ma 8 ma 5 ma 8 ma VDD = -15.75V
for VOD
Discrete 1/0°s (8} ViH -1.0v +4.0V $3-4
DI/0 0-DI/O 8 ViL -4.2v +0.8V
D1/O 0-5 RON 500 ohms 500 ohms '
¢4 3.0 ma max.
D1/0 6-8 RON 400 ohms 400 ohms j
Channel 1 Input ViH -1.5V +3.5V 01
PI1-PI4 ViL -4.2v +0.8V
1/0 Channel A (1) VIiH -1.5V +3.5V 63
. RI/O1-R1/04 ViL -4.2v +0.8V
RON 250 ohms 250 ohms ¢ar 6.0 ma max.
1/0 Channel B [§}] ViH -1.5V +3.5V ¢3
RI/05-R1/08 Vi -a.2v +0.8V
RON 250 ohms 250 ohms (734 6.0 ma max.
INTO (2) ViH 1.5V +3.5V 63
Vi -4.2v +0.8V
Clock VOH 1.0V +4.0V .
5.0V CL = 50 pf {max)
A VoL -10.0V -5.0V
ve 56K +5%
PO Vi 2.0V *3.ov Special circuit
Vi 6.0V -1.0v

*State established by ¢2 (minimum impedance during $4).
(1)These pins only tested for leakage: <10 ua @ -30V.
(2)This pin only tested for leakage: <10 pa @ V.




PART NUMBER
B86XX

PARALLEL PROCESSING SYSTEM (PPS)
DATA SHEET

PP.S-4/I One-Chip ] M M 76 E L

Microcomputer Family
low-voltage, low power
one-chip microcomputer system

SUMMARY o o, P N
ve 2 39 pI/O!

The Rockwell MM76EL microcomputer is a complete 4-bit paral- /09

v ] XTLINE] 3 382 oi/os
lel processing system. The MM76EL is a low voltage (6.5 to TLouT
11 volt range), very low power {15 milliwatts typical) version of xTLO 4 37pJ br/o7
the well known PPS-4/1 one-chip microcomputer. The MM76EL vbbo s 36 DI/06
is especially desirable where low-cost battery operation as the pri- PI12s6 35[ DI/05
mary or backup power source is required, or where power con- TESTC 7 34 bi/oa
sumption or heat dissipation is a consideration, or where porta- PiI6 )8 33 o103
t{ility i_s required. The MM76§L is distingui§l?ed from competi- P9 3213 piyo2
;we xr_n|cr(r.u‘)ro::essa'r;e:::/"'ﬂ;:uer|c:rn;.sI/(: capability, and by other p|5g 10 a1owvor
unctional features | ifieg on is page. P17 11 30 DI1/00

3
On a single LS| chip, the MM76EL provides a complete system :' [ 29 cLock
consisting of a versatile Central Processing Unit {CPU), Instruc- 1813 28— DATAO
tion Decode, one Program Save Register, Program Memory (ROM), PlaC]14 273 pAaTAl
Data Memory (RAMY), Program Counter {P), Data Address Regis- PO 15 26[J RI04
ter (B), 10 1/O discrete Drivers/Receivers, two 4-bit paralle! 1/0 INTO 16 25 D RIO3
channels, two 4-bit paralle! input channels, a Serial 1/0 port, INT1 17 241 RI02
Interrupt and Cpntrol logic, and a self-contained four-phase Clock R10s 18 233 RI01
Generator circuit. RI06 . 19 2211 RIO8
20 R

In addition to stand-alone applications, the MM76EL can be Vssd 21 107

directly included in other multi-chip systems as a dedicated
controller or in other functions. Also, two or more MM76EL
microcomputers can be directly combined to perform parallel
processing_ or control operations. [n the design of families of
end-products, a total range of features can be designed so that
increasingly higher levels of performance can be produced by
low-cost wiring changes and chip additions, minimizing design
costs and production inventories.

MM76EL Pin Configuration

FUNCTIONAL FEATURES

The MM76EL may be ordered with combinations of the follow-

INJLSAS HILNdWODOHIIN T39LININ L/ ¥-Sdd

ing features (not every combination is available). e Standard 40-pin Dual-In-Line (DIP) package
e 1024 8-bit bytes of program memory
Operating Temperature ® 48 4-bit words {192 bits) of data memory
0°C to +50°C {Consumer) ® Clocked simultaneous serial input/output capability
0°C to +70°C {Commercial) e Externally controlled serial input/output capability 53
-40°C to +85°C  (Industrial} @ Two interrupt request input lines -
Maximum Negative Voltage e TTL and CMOS compatible g
-30 Valts {Vacuum Fluorescent Drive) ® Arithmetic logic unit and four working registers a
-11 Volts (Standard) e 31 input/output ports
Nominal Internal Clock Frequency e Large instruction set — over 60 instructions
100 kHz (+30%) with VC to VDD @ Multifunction instructions increase throughput
e Single power supply operation (-8.5 volts ~2.5, +2.0 volts)
ELECTRICAL FEATURES e Low power (15 milliwatts typical)
. e Powerful development aids:
e Battery Compatible (-6.5 to -11.0 volt operation) - SYSTEM 65 with built-in mini-floppy disks and PPS-4/1
o Low Power — 15 milliwatts nominal @ -8.5 volts Personality subsystem
® 4 Clock Modes including external crystal —~ XPO-1 Evaluation Microcomputer Module
e Low Impedance Drivers — Development Circuit (P/N B7699) provides address and
D1/0 — less than 100 ohm @ 10 ma data lines so that Program Memory can be in external
RIO — less than 250 ohm @ 6 ma PROM for emulation purposes
& Mask Programmed Pull-down Resistors on Outputs — Scheduled and Special Training Courses
e Mask Programmed Enhancement FET Pull-downs on Inputs — International Applications Engineering Support
©Rockwell International Corporation 1981 Specifications subject to
All Rights Reserved change without notice
Printed in US.A Document No. 29000 D49

Rev. 3, February 1981
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FUNCTIONAL DESCRIPTION
PROGRAM COUNTER (P) AND SA REGISTER

The Program Counter contains the ROM address of the next
program instruction. The address in the P Register is automat-
ically incremented each cycle time during normal operation to
address the next instruction. In addition, instructions are available
to alter the address in the P Register as necessary to fetch an
instruction from any address in program memory. After PO
reset, the program counter contains address hex 3C0. This loca-
tion must contain a NOP instruction.

The SA Register is a “‘save” register which saves ‘the incremented
value of current address in the P Register during subroutine execu-
tion. This provides a means of returning from a subroutine directly
to the next instruction after the subroutine call.

PROGRAM MEMORY — READ ONLY MEMORY (ROM)

The ROM provides 1024 bytes of storage for instructions and con-
stants required to operate the microcomputer. Under control of
the Program Counter the ROM will read out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arithmetic
operations, other processing functions and input/output operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM and the discrete input/output ports are addressed by the 4 bits
in BL and the 2 bits in BU.

A number of multifunction instructions simultaneously modify
B Upper and cause B Lower to be automatically incremented or
decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A, ALU, and C)

The primary working register in the MM76EL is the Accumulator
{A). 1tis the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform either binary
or decimal arithmetic. Constants may be loaded into the Accu-
mulator from the read only memory or variable data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register {B). The
Accumulator is also the primary path for 4-bit parallel or serial
input or output data.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input or
output values, hold intermediate results, or as a register for timers,
counters, comparators, etc.

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, AND BP)

The internal Oscillator and Clock Circuit generates a four-phase
A and BP clock signal used for all internal logic functions. The A
and BP clock terms are also brought out so external logic can be
synchronized. The clock for the MM76EL can be selected to
operate in one of four modes as shown by the table below. These
options are selected by control voltages applied to the VC and
XTLIN pins.

A BUFFER

The contents of the Accumulator or 4 of the bits from the 16 x 8
Decode Matrix may be output for control, display, or data transfer
functions through the A Buffer. The A Buffer holds the data for
output until new data is received from the Accumulator or the
Decode Matrix, or until the power is turned off.

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full eight outputs for the Decode
Matrix.

- CHANNEL 1 INPUT PORTS (P11 through P14)

The parallel input port P11 through Pl4 will be loaded into the
contents of the Accumulator upon command. The receivers are
TTL compatible and are synchronized (phase 1 time} so that
asynchronous input signals may be used.

CHANNEL 2 INPUT PORTS (P15 through PI8)
The inverted state of the inputs at parallel input ports PI5 thru
PI8 will be loaded into the Accumulator upon command. The
receivers are TTL compatible and are synchronized {phase 3 time)
so that asynchronous input signals may be used.

CHANNEL A I/0 PORTS (RIO1 through R104)

The four parallel input/output ports RIO1 thru R104 provide a
masked input capability and an output from either the 16 x 8
Decode Matrix or directly from the accumulator.

CHANNEL B I/O PORTS (RIOS through R108)

The four paraliel input/output ports of Channel B function the
same as the four ports of Channel A. Together, they provide an
8-bit parallel output.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers are
TTL compatible and synchronized.

DISCRETE INPUT/OUTPUT PORTS (D1/00 through DI/09}

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

16 x 8 DECODE MATRIX

The Decode Matrix provides a means of decoding and contents of
the Accumulator to provide an 8-bit output suitable for driving
various displays or other external devices. The user may define
any code desired. The Development Circuit version of the MM76EL
has a BCD to seven segment conversion provided. Accumulator
contents of O thru F produce O thru 9, A, -, P, d, E and blank
respectively. The carry flip-flop controls one independent output
line.

S REGISTER — SERIAL INPUT/OUTPUT — SHIFT COUNTER

The S register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.

Pins
Mode Vc XTLIN XTLOUT Al/O BP 1/0 Frequency
INTERNAL 'Vc VSS - ouT - ouT 100 kHz +30% @ 8.5V
EXTERNAL GRD CLOCK - ouT ouT 400 — B0OO kHz @ 8.0V
CRYSTAL"" GRD XTAL XTAL ouT ouT =~ 800 kHz @ 8.0V
SLAVE VDD VDD - IN IN 50 kHz — 100 kHz @ 8.5V
*Can be adjusted to vary 'rgquency — Normally set to VDD
**Suggest Murata part number CSBBO0OA4 with 2-120 pF shunt capacitors.




PPS-4/1 MM76EL INSTRUCTION SET lnputhulpu( Instructions
0S

Set Output Selected

Ros Reset Output Selected
RAM Addre;slng I"“’:“‘m;’BL SKISL Skip on Input Selected Low
LBA L:idagﬁﬂ‘mz'; IBM Input Channel B ANDed with A
= = i os Output from A to Channel B
L Load BU=0, BL=Immediate 1AM Input Channel A ANDed with A
Eoe E:;";’Sé"tg"; 8u OA Output from A to Chennel A
INCB Increment B :?S ?:;‘:: Icnhpll.:‘ﬁslu:put
DECB Decrement B 12¢ Input Channel 2 and Complement
Blt Mampulauon lnstrucnons INT1H Skip if INT1 Inputis Low
Set DIN1 Skip if INT1 Flip-flop is Reset
Reset BI( INTOL Skip if INTO Inputis High
SKBF Skip on Bit False DINO Skip if INTO Flip-flop is Reset
SEG1 Decoder Matrix Qutput to Channel A
Register to 22”:',“:‘;’9'@";".“‘:;"3’“’ SEG2 Decoder Matrix Output to Channel B
LSA Load S from A Conditional Transfer Instructions
Transfer on Carry Set
Reglster Memory Instructions TCc
Load A from Memory TNC Transfer on No Carry Set
TLC Transfer Long on Carry Set
XDSK g:z:a:ge ﬁ wic:hM'ar:nc:z Decrement BL and Skip if TLNC Transfer Long on No Carry Set
BL C:ugnets t0 15 V- TBF Transfer on Bitin Memory False
A In i TBT Transfer on Bitin Memory True R
XNSK g:cgnnga“Atovgth Memory.. Increment BL and Skip if TLBF Transfer Long on Bit in Memory Falie
Arithmetic nst ‘":i" o PE-BT lvans:errLovK; or;ﬂalt in Memory True
¥ etic Instructiol - ransfer on A = Memory
A Add Memory to A TNE Transfer on A # Memory
AC Add Memory with Carry to A . TLE Transfer Long on A = Memory
ACSK Add Memory with Carry to A and Skip on No Carry-out TLNE Transfer Long on A # Memory
ASK Add Memory to A and Skip if No Carry Overflow TIH Transfer if Input High
DC Decimal Correction TIL Transfer if input Low
COM Complement A TLIH Transfer Long if Input High
SR(‘:: Ses%t Carry TLIL Transfer Long if Input Low
et Carry & :
SKNC Skip on No Carry ROM Addressing Instructions X
. B : RT Return from Subroutine
LAl Load A with Immediate Field RTSK Return and Skip
AISK Add Immediate and Skip on No Carry-out T Transfer on Page
Logical Comparison Instructions NOP No Operation

SKMEA Skip if Memory Equals A TL Transfer Long
SKBEI Skip if BL Equals Immediate Field ™ Transfer and Mark
SKAEI Skip if A Equals Immediate Field TML Transfer and Mark Long
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1
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SPECIFICATIONS Input Capacitance: <5 pf
Input Leakage: <10 pa

OPERATING CHARACTERISTICS Open Drain Driver Leakage (R OFF): <10 ua at -30 Volts
Operating Ambient Temperature {Tp):

Supply Voltage: 0°C to +70°C {Commercial}: MM76EL
Vpp = -85 Volts, -1.5, +2.0 Votts (MM76EL-1) 0°C 1o +50°C (Consumer): MM76EL-1
VpD = -8.5 Volts, -2.5, +2.0 Volts (MM76EL) -40°C to +85°C (Industrial): MM76EL-2
{Logic *“1'"" = most negative voltage Vj_ and VoL.) Storage Temperature: -55°C to 125°C
Vgg = 0 Voits (Gnd) ‘

{Logic “’0"" = most positive voltage V|4 and VoH.) ABSOLUTE MAXIMUM VOLTAGE RATINGS

System Operating Frequencies: (with respect to VSS}

(1) Internal: 100 kHz Nominal at Vpp = -8.5'V
{2) External 800 kHz Crystal: 100 kHz Maximum negative voltage on any pin =30 Volts
Device Power Consumption: 15 mw, typical Maximum positive voltage on any pin +0.3 Volts

TEST CONDITIONS: Vpp = -8.5V, Tp = 0-70°C

LIMITS (VSS = 0) LIMITS (VSS = +5V)' TIMING
(SAMPLE/ TEST
INPUT/OUTPUT | SYMBOL [ MIN _ TYP  MAX MIN _ TYP  MAX GOOD) CONDITIONS
Supply Current 10D 175 ma_3me 175ma 3ma Internal Clock
{Average) for VDD 30ma 6ma 30ms 6ma Slave Clock
Cucrete 170°s Vin oV A0V Y
+ DI/00S vy a2V +0.8v
RON 100 ohms 1000hms | 94° 10.0 ma max.
Channel 1 Input Vin sV W35V Py
PI1-Pi4 Vi 4.2V +0.8V.
Channel 2 lnput Vin -5V 435V Py
PIS-PIB viL -4.2v +0.8v
170 Channel A Vin sV 35V P
RIO1-R104 viL 42v +0.8v
RON 250 ohms 250 ohms | 04~ 6.0 ma max.
173 Channel B Vin sV 35V o4
RIOS-RI08 ViL 4.2V +0.8v
RON 250 ohms 250 0hms | oav 6.0 ma max.
DATAI . Vin oV 34OV o8
Vi -42v +0.8v
DATAO AON 500 ohm 500 onms | oo+ 3.0 ma max.
iNTO Vin sV 335V Py
Vie -42v 0.8V
INTYT Vin -1.5V 43.5v P
vie -4.2v +0.8v
A 8P Vi 03V AV CL = 60 b7 (man
Vgt av 0av int, Extor XTL
A 6F Vin 06V aav
V:l 44V 0.6V Stave Clock
XTUIN Vin oV 435V .
Vip 60V -10v oV
CLoCK Vin oV B a0V
viL a2v +0.8v 03, 0
RON §00 ohms 500 ohms [ @4°* 2.0 ma max.
1Z3 Vin V110V max.
ViL N
PO Vin 25V 425V Special cireuit
Vig 50V ov
“State established by 62 (minimum impedance during #4).
“Same a1 sbove except $4 minimum at $2 of next cycle.

NOTES:

MASK PROGRAMMED PULL-DOWN RESISTORS PULL-DOWNS ON INPUTS
ON OUTPUTS
MOS FET pull-downs are also available as an option on the PI,
Resistor pull-downs are available as an option on all RIO, CLOCK, INT, and DATALI inputs. The output current is 50 pa 35 pa
DATAO and DI/O outputs. These pull-downs are connected to  With the input grounded and Vpp at -8.5 volts.
Vpp. The following values £50% are available: 5K, 10K, 25K,
or Open Circuit. The 5K ohm option is not available on the clock
or DATAO outputs.




PART NUMBER
A78XX

‘B SYUMMRN  PARALLEL PROCESSING SYSTEM (PPS)
AT DATA SHEET

PPS-4/1 One-Chip M M78

Microcomputer Family
one-chip microcomputer system

v
U
»
’ ]
SUMMARY - = ] a2lmbr/o9 S
A 2 41{33D1/08 \
The Rockwe!l MM78 microcomputer is a complete, 4-bit parallel :;2:3‘(:: 3 40 _—_230”27 -
processing system. Its large instruction set is augmented by power- ve E : g :g:;og .
ful multi-function instructions. 31 1/O ports further identify the vobo - s 378301704 g
power of this system. Serial 1/0 capability, which can be clocked vss 7 3s6E3D1/03
simultaneously or externally controlled, extend their power. NC E 8 . 35[Jo1/02 g
vss 9 33 2o1s01
On a single LSI chip, the MM78 provides a complete 4-bit paraltel P4 10 33j3oi/00 q
processing system — Central . Processing Unit (CPU), Program s N 32PINTY (0 +]
Memory (ROM), Data Memory {RAM), Program Counter (P), PR3 12 31JINTO
Instruction Decode, two Program Save registers, Data Address Pz :3 30 SDAT“' g
register (B), 10 1/O discrete drivers/receivers, two 4-bit parallel ::g 15 29 :32:7:'(0 -
1/0 channels, two 4-bit parallel input channels, a serisl input/ PI5 16 :: :ng‘ O
output port, interrupt and control logic, and a self-contained VDD 17 26 [DRioa m
four-phase clock generator circuit. PI? 5 18 25 3R102
[ oI o= 1] 24 3RI01 o
In addition to stand-al system licati this mi RIOS [—]20 23JRI08 O
puter can be directly interfaced with other multichip systems as RIOS6 21 22JRtO7
dedicated slave controllers or for other purposes. Also, two or o
more MM78 systems can be directly combined to perform parallel PPS—4/1 MM78 Pin Configuration
pr ing or control operati g
The MM78 may be ordered with binati of the foliowing g
f {not every combination is available).
FEATURES o |
Operating Temperature m
0°C 10 +60°C  (Consumer) e 2048 8-bit bytes of program memory and 128 4-bit data words o o
0°C to +70°C (Commercial) e Clocked simultaneous serial input/output capability
Maximum Negative Voltage . Exter.nallv controlled s.erial input/output capability m
-30 Volts (Vacuum Fluorescent Drive) o Two interrupt request input lines _<
-15 Volts {Standard) ¢ TTL and CMOS campatible N
e Arithmetic logic unit and six working registers m "
¢ Two-level subroutine nesting _1 -3
e 31 input/output ports by P
e Easy circuit level testing by user l"l'l g g
e Large instruction set — over 60 instructions g =
@ Multifunction instructions increase throughput
e Single power supply operation (-15 volts £5%)
o Low power (75 milliwatts typical, 125 milliwatts max)
& Powerful development aids:
— SYSTEM 65 with built-in mini-floppy disks and PPS-4/1
Personality subsystem
— XPO-1 Evaluation Microcomputer Module
— Development Circuit {P/N A7839) provides address and
data lines so that Program Memory can be in external
PROM or RAM for emulation purposes
— Scheduled and Special Training Courses
— Internationat Applications Engineering Support
©Rockwell International Corporation 1981 Specifications subject to
All Rights Reserved change without notice
Printed in US.A Document No. 29000 DO1

Rev. 8, May 1981
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FUNCTIONAL DESCRIPTION
PROGRAM COUNTER (P}, SA REGISTER, AND SB REGISTER

The Program Counter contains the ROM address of the next pro-
gram instruction. The address in the P Register is automatically
incremented each cycle time during normal operation to address
the next instruction. In addition, instructions are available to alter
the address in the P Register as necessary to fetch an instruction
from any address in program memory. After PO reset, the pro-
gram counter contains address hex 3CO. This location must con-
tain a NOP instruction.

The SA Register is a ‘‘save’’ register which saves the incremented
value of current address in the P Register during subroutine execu®
tion. This provides a means of returning from a subroutine
directly to the next instruction after the subroutine call,

The SB Register provides a second hardware stack register so that
two levels of subroutines may be nested in the microcomputer.

PROGRAM MEMORY — READ ONLY MEMORY {ROM)

The ROM provides 2048 bytes of storage for instructions and con-
stants required to operate the microcomputer. Under control of
the Program Counter the ROM willread out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arithmetic
operations, other processing functions and input/output operations,

DATA ADDRESS REGISTER (B)

The Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM are addressed by all 7 bits and the discrete input/output
ports are addressed by the 4 bits in BL when-the value in BU is
between 0 and 3.

A number of multifunction instructions simuitaneously modify
B Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A,ALU,AND C)

The Primary working register in the MM78 is the Accumulator
(A}, 1tis the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flin-flop (C) to perform binary arith-
metic. By means of software routines, decimal arithmetic can be
performed. Constants may be loaded into the Accumulator from
the read only memory or variable data may be loaded from, or
exchanged with the random access memory (RAM) under control
of the Data Address Register {B). The Accumulator is also the
primary path for 4-bit parallel or serial input ‘or output data.

A BUFFER

The contents of the Accumulator may be output for control, dis-
play, or data transfer functions through the A Buffer. The A Buf-
fer holds the data for output until new data is received from the
Accumulator or until the power is turned off.

X BUFFER

The X Buffer comprises four latches which will output the last
bit pattern loaded until either a new Output X Register command
is executed or power is turned off.

X REGISTER

The X Register is an auxiliary register which may be used as tem-
porary storage for 4 bits of data without reference to data mem-
ory. The X Register is also used as a data path to the X Buffer
output register and from receiver inputs.

CHANNEL 1 INPUT PORTS (P11 through PI4)

The paraliel input port P11 through P14 will be added to the con-
tents of the Accumulator upon command. The receiversare TTL
compatible and are synchronized {phase 1 time) so that asyn-
chronous input signals may be used.

CHANNEL 2 INPUT PORTS (P15 through P18)

The inverted state of the inputs at paratlel input ports PI5 thru P18
will be loaded into the Accumulator upon command. The receiv-
ers are TTL compatible and are synchronized (phase 3 time) so
that asynchronous input signals may be used.

CHANNEL A 1/O PORTS (R101 through R104)

The contents of the Accumulator may be output for control or
data transfer purposes through the A Buffer. The A Buffer
will hold “the data output until new data is output or power
is turned off.

CHANNEL X 1/0 PORTS (R105 through R108)

The four parallel input/output ports of Channel X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL compatible and synchronized with INTO sampled at
phase 3and INT1 sampled st phase 1. '

DISCRETE INPUT/OUTPUT PORTS (DI/00 throuﬁh 61/09)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

CLOCK CONTROL (VC, CLKIN, EXCLK, AND OSCILLATOR}

The internal Oscillator and Clock circuit generates a four Phase A
and B clock signal used for &l internal logic functions. The A
and B terms are also brought out 50 external logic can be synch.
ronized. The clock frequency is a nominal 80 kHz £40%. When
precise timing is required, a reference frequency may be input at
CLKIN.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 128 4-bit characters. Data memory can be used to buffer
input or output values, hold intermediate results, or be used as
a register for timers, counters, comparators, etc., when the MM78
is used as a universal logic element.

S REGISTER — SERIAL INPUT/OUTPUT - SHIFT COUNTER

The S Register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simuitaneous serial input/output functions. The
shift rate can be controlled either internally or externally.



PPS-4/1 MM78 INSTRUCTION SET

Logical Comparison Instructions

SKMEA Skip if Memory Equals A
A Addrassing Instructions | SKBEI  Skip if BL Equals Immadiate Field
LBA Lo. g SKAEI Skip if A Equals Immediate Field
ad BL from A TAB Table Look U
LB Load BL, BU + O able Look Up
EOB Exclusive OR BU Inputhutput instructions
LBL Load B Long Set Output Selected
INCB Increment B ROS Resat Output Selected
DECB Decrement B SKISL Skip on Input Selected Low
SAG Special Address Generation 1X Ic;\put X ):mmRRI(IDOSSB.S
ox utput X to -
Bn Mampulast‘lgglnstrucuons I0A Input A Receivers to A and output A to R1O 1-4
RB Reset Bit 108 Seriat iInput/Output
SKBF Skip on Bit False 11SK Input Channel 1. Add to A, Skip if No Carry
12C Input Channet 2 and campl.mon(
Reglster to Register Instructions INTIL Skip If INT1 Inputis Low
oad X from A INTOH Skip If INTO Input is High
XAS Exchange A and S Coandi N sfer |
XAX Exchange A and X Transter Instr
TC Transfer on Carry Set
A""‘"‘"" Instructions TNC Transfer on No Carry Set
Add Memory to A TLC Transfer Long on Carry Set
AC Add Memory with Carry to A TLNC Transfer Long on No Carry Set
ACSK Add Memory with Carry to A and Skip on Carry-out TBF Transfer on Bit in Memory False
Dc Decimal Correction TBT Transfer on Bit in Memory True
com Complement A TLBF Transfer Long on Bit in Memory False
RC Reset Carry TLBT Transfer Long on Bit in Memory True
sc Set Carry TE Transfer on A = Memory
SKNC Skip on No Carry TNE Transfer on A # Memory
LAI Load A with Immediate Field TLE Transter Long on A = Memory
AISK Add Immediate and Skip on No Carry-out TLNE Transfer Long on A ¥ Memory
ROM Addressing Instructions TIH Transfer if Input High
Return from Subroutine TIL Transfer if Input Low
RTSK Return and Skip TLIH Transfer Long !f Input High
T Transfer on Page TLIL Transfer Long if Input Low
NOP No Operation Reglster Memory [nstructions
TL Transfer Long Load A from Memory
TLB Transfer Long Banked Exchange A and Memory
™ Transfer and Mark XDSK Exchange A with Memory. Decrement BL and Skip if
TML Transfer and Mark Long BL Counts to 15
TMLB Transfer and Mark Long Banked XNSK Exchange A with Memory. Incremant BL and Skip if

BL Counts to 0

INTO INTI
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SPECIFICATIONS

OPERATING CHARACTERISTICS

Supply Voltage Open Drain Driver Leakage (R OFF):
Vpp = -15 Volts £5% 210 uaat-30 Volts
(Logic ““1" = most negative voltage V|| and Vo .) Operating Ambient Temperature (T ):
Vss = 0 Volts (Gnd) 0°C to 70°C (Commercial)
(Logic “0" = most positive voltage V| and Vou.) 0°C to 50°C (Consumer)
System Operating Frequencies: Storage Temperature:
90 kHz 240% with external resistor -55°C to 120°C
Device Power Consumption:
75 mw, typical ABSOLUTE MAXIMUM VOLTAGE RATINGS
Input Capacitance: {with respect to VSS)
<5 pf
Input Leakage: Maximum negative voltage on any.pin -30 Volts
<10 pa Maximum positive voltage on any pin +0.3 Volt

TEST CONDITIONS: Vpp = -15V 15%, To = 0-70°C

LIMITS (VSS = 0) LIMITS {VSS = +5V) TIMING
(SAMPLE/ TEST
FUNCTION SYMBOL MIN TYP MAX MIN TYP MAX GOOD} CONDITIONS
Supply Current (Average! 100 sma  Bma Sme 8me
for VD
Discrate 1/0s Vin -1.0v +4.0vV P
oHO DO 9 ViL -4.2v +0.8v
AON 500 ohms 500 ohms|  04° 3.0 ma max.
Channet 1 Input Vin 1.5V +3.8v o
PIPIA viL -42v s08v
Channe! 2 (nput Vin sV 35V P
PIS-PI8 ViL -4.2v +0.8v
170 Channel A Vin eV 3.5V P
RI/01-RI/04 Vie -4.2v +0.8V
RON 600 ohms 500 ohmy ¢4 3.0 ma max.
1/ Channel X Vin “.ov 4oV
R1/05-RI/08 viL -4.2v +0.8v
RON 500 ohme 500 ohmd 94° 3.0 ma max.
DATA | Vin 1.0V B +a.0v v
viL -4.2v +0.8V
DATA O RON 4
INTO Vin AV Y o3
Vie -4.2v +0.8V
INTY Vin 1.8V 438V o
ViL -4.2v +0.8V
Ciock Vo 1.0V +4.0V CL = 50 pf (mexJ |
A, BP, (B) Vor -10.0v 5.0V
EXCLK Vim BX1Z +3.5Vv STRAP F max = 80 kHz
viL -7.0v 2.0V
CLK IN Vin 1.0V +4.0V
- viL -10.0v -5.0v
Shift Clock Vin 1.0V +4.0v 34
Ctock Vi -4.2v +0.8v
RON 500 ohms 5000hms| _ #4"" LT e max.
veees Vi 56K £5%
ViL
o ViH 20V .oV Soecial circuit
Vip -6.0V LoV
“State by ©2 (mini during ¢4).
**Same a3 above except $4 minimum at 92 of next cycle,
***Connect VC to VDD through & 56K resistor for 90 kHz.
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PART NUMBER
B86XX

PARALLEL PROCESSING SYSTEM (PPS)
DATA SHEET

PPS-4/1 One-Chip MM76EL

Microcomputer Family
low-voltage, low power
one-chip microcomputer system

SUMMARY o prs EN
The Rockwell MM76EL microcomputer is a complete 4-bit paral- IIII:J 92 39 E bio9
tel processing system. The MM76EL is a low voltage (6.5 to x7 = 38 b/os
11 volt range), very low power (15 milliwatts typical) version of XTLOUT 4 3703 bi/o7
the well known PPS-4/1 one-chip microcomputer. The MM76EL vbD 35 35? bl/o6
is especially desirable where low-cost battery operation as the pri- P12se 35 DI/0S
mary or backup power source is required, or where power con- TESTC}7 343 oi/oas
sumption or .hea! dissipation is a consideration, or where porta- PI6C]8 3333 p1/o3
b_imv is required. The MMT76EL is distinguished from competi- (3 == 1) 323 pivo2
tive microprocessors by ‘superiorAIIO capability, and by other P15 10 a1f3biror
functional features identified on this page. P|7§ 1 303 o1700
On a single LSI chip, the MM76EL provides a complete system P32 293 cLock.
consisting of a versatile Central Processing Unit (CPU), Instruc- PIBC13 28] DATAO
tion Decode, one Program Save Register, Program Memory (ROM), Pla]14 27f3 pATAl
Data Memory (RAM), Program Counter (P), Data Address Regis- PO 15 26JRIO4
ter (B), 10 1/O discrete Drivers/Receivers, two 4-bit parallel 1/O INTO [} 16 25 RIO3
channels, two 4-bit parallel input channels, a Serial 1/O port, INTT 17 24 RI02
Interrupt aqd Cpntrol logic, and a self-contained four-phase Clock RIO5 ] 18 233 RI101
Generator circuit. RI06 ] 19 22/ Rio8

In addition to stand-alone applications, the MM76EL can be vssq20 213 Rio7

directly included in other multi-chip systems as a dedicated - - .
controller or in other functions. Algo, ‘tlwo or more MM76EL MM76EL Pin Configuration
microcomputers can be directly combined to perform paraliel
processing or control operations. In the design of families of
end-products, a total range of features can be designed so that
increasingly higher levels of performance can be produced by
low-cost wiring changes and chip additions, minimizing design
costs and production inventories.

FUNCTIONAL FEATURES

The MM76EL may be ordered with combinations of the follow-

INJLSAS H3LNdWODOHOIIN T139ZININ L/ P¥-Sdd

ing features {not every combination is available). e Standard 40-pin Dual-In-Line (DIP) package
o 1024 8-bit bytes of program memory
Operating Temperature ® 48 4-bit words (192 bits) of data memory
0°C to +50°C {Consumer) e Clocked simultaneous serial input/output capability
0°C to +70°C (Commercial) e Externally controlled serial input/output capability
-40°C to +85°C ({Industrial} e Two interrupt request input lines
Maximum Negative Voltage ® TTL and CMOS compatible
-30 Volts (Vacuum Fluorescent Drive) e Arithmetic logic unit and four working registers
-11 Volts {Standard) e 31 input/output ports
Nominal Internal Clock Frequency e Large instruction set — over 60 instructions
100 kHz (+£30%) with VC to VDD ® Muitifunction instructions increase throughput
. e Single power supply operation (-8.5 volts -2.5, +2.0 volts)
ELECTRICAL FEATURES e Low power (15 milliwatts typical)
R e Powerful development aids:
e Battery Compatible (6.5 to -11.0 volt operation) — SYSTEM 66 with builtin mini-floppy disks and PPS-4/1
o Low Power — 15 milliwatts nominal @ -8.5 volts Personality subsystem
® 4 Clock Modes including external crystal X — XPO-1 Evaluation Microcomputer Module
o Low Impedance Drivers — Development Circuit (P/N B7699) provides address and
DI/O — less than 100 ohm @ 10 ma data lines so that Program Memory can be in external
RI0 — less than 250 ohm @ 6 ma PROM for emulation purposes
@ Mask Programmed Pull-down Resistors on Outputs — Scheduled and Special Training Courses
® Mask Programmed Enhancement FET Pull-downs on Inputs —~ International Applications Engineering Support
©Rockwell International Corporation 1981 Specifications subject to
All Rights Reserved change without notice
Printed in US.A. Document No. 29000 D43

Rev. 3, February 1981
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FUNCTIONAL DESCRIPTION
PROGRAM COUNTER (P) AND SA REGISTER

The Program Counter contains the ROM address of the next
program instruction. The address in the P Register is automat-
ically incremented each cycle time during normal operation to
address the next instruction. In addition, instructions are available
to alter the address in the P Register as necessary to fetch an
instruction from any address in program memory. After PO
reset, the program counter contains address hex 3CO. This loca-
tion must contain a NOP instruction.

The SA Register is a ““save” register which saves ‘the incremented
value of current address in the P Register during subroutine execu-
tion. This provides a means of returning from a subroutine directly
to the next instruction after the subroutine call.

PROGRAM MEMORY — READ ONLY MEMORY (ROM}

The ROM provides 1024 bytes of storage for instructions and con-
stants required to operate the microcomputer. Under control of
the Program Counter the ROM will read out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arithmetic
operations, other processing functions and input/output operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 6 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM and the discrete input/output ports are addressed by the 4 bits
in BL and the 2 bits in BU.

A number of multifunction instructions simultaneously modify
B Upper and cause B Lower to be automatically incremented or
decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A, ALU, and C)

The primary working register in the MM76EL is the Accumulator
(A). Itis the Accumulator which ties with the Arithmetic Logic
Unit (ALYU) and the Carry flip-flop (C) to perform either binary
or decimal arithmetic. Constants may be loaded into the Accu-
mulator from the read only memory or variable data may be
loaded from, or exchanged with the random access memory
(RAM) under control of the Data Address Register (B). The
Accumutator is also the primary path for 4-bit parallel or serial
input or output data.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 48 4-bit words. Data memory can be used to buffer input or
output values, hold intermediate results, or as a register for timers,
counters, comparators, etc.

CLOCK CONTROL (VC, XTLIN, XTLOUT, A, AND BP)

The internal Oscillator and Clock Circuit generates a four-phase
A and BP clock signal used for all internal logic functions. The A
and BP clock terms are also brought out so external logic can be
synchronized. The clock for the MM76EL can be selected to
operate in one of four modes as shown by the table below. These
options are selected by control voltages applied to the VC and
XTLIN pins.

A BUFFER

The contents of the Accumulator or 4 of the bits from the 16 x 8
Decode Matrix may be output for control, display, or data transfer
functions through the A Buffer. The A Buffer holds the data for
output until new data is received from the Accumulator or the
Decode Matrix, or until the power is turned off.

B BUFFER

The 4-bit B Buffer functions the same as the A Buffer except it
outputs the other 4 bits of the 16 x 8 Decode Matrix. The A and
B Buffers combined provide the full eight outputs for the Decode
Matrix.

CHANNEL 1 INPUT PORTS (P11 through P14)

The parallel input port PI1 through P14 will be loaded into the
contents of the Accumulator upon command. The receivers are
TTL compatible and are synchronized (phase 1 time) so that
asynchronous input signals may be used.

CHANNEL 2 INPUT PORTS (PI5 through PI8)

The inverted state of the inputs at parallel input ports P15 thru
PI8 will be loaded into the Accumulator upon command. The
receivers are TTL compatible and are synchronized {phase 3 time)
so that asynchronous input signals may be used.

CHANNEL A 1/O PORTS (R101 through RIO4)

The four parallel input/output ports RIO1 thru R104 provide a
masked input capability and an output from either the 16 x 8
Decode Matrix or directly from the accumulator.

CHANNEL B 1/0 PORTS (RI05 through R108)

The four parallel input/output ports of Channel B function the
same as the four ports of Channe!l A. Together, they provide an
8-bit parallel output.

CONDITIONAL INTERRUPTS (INT0 and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers are
TTL compatible and synchronized.

DISCRETE INPUT/OUTPUT PORTS (DI/00 through D1/09)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

16 x 8 DECODE MATRIX

The Decode Matrix provides a means of decoding and contents of
the Accumulator to provide an 8-bit output suitable for driving
various displays or other external devices. The user may define
any code desired. The Development Circuit version of the MM76EL
has a BCD to seven segment conversion provided, Accumulator
contents of O thru F produce 0 thru 9, A, -, P, d, E and blank
respectively. The carry flip-flop controls one independent output
fine.

S REGISTER — SERIAL INPUT/QUTPUT — SHIFT COUNTER

The S register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be controlled either internally or externally.

Pins
Mode Vc XTLIN XTLOUT AlYO BP 1/O . Frequency
INTERNAL 'Vc VSsS - ouT ouT 100 kHz +30% @ 8.5V
EXTERNAL GRD CLOCK - ouT ouT 400 — 800 kHz @ 8.0V
CRYSTAL"* GRD XTAL XTAL ouT ouT =~ 800 kHz @ 8.0V
SLAVE VDD VDD - IN IN 50 kHz — 100 kHz @ 8.5V
*Can be adjusted to vary frgquency — Normally set to VDD
**Suggest Murata part number CSB800A4 with 2-120 pF shunt capacitors.




PPS'4/1 MM76EL INSTRUCT'ON SET Inpm/Outpullnstructmns

Set Output Selected

ROS Reset Output Selected
RAM Addressing Instructions SKISL Skip on Input Selected Low
Exchange A with BL. 18M Input Ch I B ANDed with A
Yy Load BL from A OB O e e Cheanl B
L8 Load BU=0, BL=Immediate utput from A to Channel |
A 1AM Input Channel A ANDed with A
Eos Exclusive OR BU CA Qutput from A to Channel A
:‘t\?éB Il-nocaraneh?nt 108 Serial Input/Output
DECB Decrement B8 n Input Channel 1
12C Input Channel 2 and Complement
Bit Mampulatlon Instructions INT1H Skip if INT1 Inputis Low
B et L T Ty
set Bi p if INTO Inputis High
SKBF Skip on Bit False DINO Skip if INTO Flip-fiop is Reset
Register to Register {nstructions SEG1 Decoder Matrix Output to Channel A
eg E?g:hlnqa AandS SEG2 Decoder Matrix Output to Channel B
LSA Load S from A Condnional Transfer Instructions
Re ister Memory Instructions Transfer on Carry Set
9 Lo:z A from Memory ;Nc Transfer on No Carry Set
Exchange A and Memory LC Transfer Long on Carry Set
XDSK Exchange A with Memory. Decrement BL and Skip if TLNC Transfer Long on No Carry Set
BL Counts to 15 TBF Transfer on Bitin Memory False
XNSK Exchange A with Memory..increment BL and Skip if 8T Transfer on Bitin Memory True -
BL Counts to O TLBF Transfer Long on Bit in Memory False
TLBT Transfer.Long on Bit in Memory True
Amhmenc Instructions JE Transfer on A = Memory
AC zgg ::emory to‘ﬁ e 0 A TNE Transfer on A # Memory
emory wi arry to TLE Transfer Long on A = Memo
ACSK Add Memory with Carry to A and Skip on No Carry-out TLNE Transfer Lo:: on A # M:ma:z
ASK Add_ Memory (o.A and Skip if No Carry Overflow TIH Transfer if Input High
o] Decimal Correction TiL Transfer if Input Low
COM Complement A TLIH Transfer Long if input High
gg gesect Carry TLIL Transfer Long if input Low
SKNC S::p Yo Carry ROM Addressing Instructions
LAl Load A with Immediate Field PTek  newrn from Sudroutine
AISK Add Immediate and Skip on No Carry-out T T::::?e:’::: ?,.::
Logical Comparison Instructions NOP No Operation
SKMEA Skip if Memory Equals A TL Transfer Long
SKBE!I Skip if BL Equals iImmediate Field ™ Transfer and Mark
SKAE! Skip if A Equals Immediate Field TML Transfer and Mark Long
10 DISCRETE
INPUTS/OUTRUTS
N0 INT1

MULTIFLEXER

INTERRUFY DRIVERS AND RECEIVERS

'

—I I 8y BL T
T
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6 REGISTER “9x4)
INSTRUCTION 1 I

DECOOE j
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SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage:
Vpp = -85 Volts, -1.5, +2.0 Volts (MM76EL-1)
Vpp =-8.5 Valts, -2.5, +2.0 Volts (MM76EL)
{Logic ‘1" = most negative voltage V||_ and VoL.)
Vss =0 Volts (Gnd)
(Logic 0" = most positive voltage V|H and VOH.)
System Operating Frequencies:
(1) Internal: 100 kHz Nominal at Vpp = -8.5'V
(2) External 800 kHz Crystal: 100 kH2
Device Power Consumption: 15 mw, typical

Input Capacitance: <5 pf
Input Leakage: <10 pua
Open Drain Driver Leakage (R OFF): Z10 pa at -30 Volts
Operating Ambient Temperature (Tp):
0°C to +70°C {Commercial): MM76EL
0°C to +50°C {Consumer): MM76EL-1
-40°C to +85°C (Industrial): MM76EL-2
Storage Temperature: -55°C to 125°C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
{with respect to VSS)

Maximum negative voltage on any pin -30 Volts
Maximum positive voltage on any pin +0.3 Volts

TEST CONDITIONS: Vpp = -8.5V, T = 0-70°C

LIMITS [VSS = 0} LIMITS (VSS = +5V)° TIMING
{SAMPLE/ TEST
INPUT/OUTPUT | SYMBOL | MiN_ TYP  maX MIN _ TYP  MAX GOoD) CONDITIONS
Supply Current 100 175ma_ 3 ema 175ms 3 ma Internal Clock
(Average) for VDO 30ms 6ma 30 ms 6ma Siave Clock
Discrote 1/0's Vin 1.0V +40V 3,08
- DI/0 09 vip 42V +0.8v
RON 100 ohms. 1000hms | @4 10.0 ma max.
Channel 1 Input Vin SV 35V P
PI1-PI4 Vi -4.2v 08V
Channel 2 Input Vin -15V 435V P
PI5-PI8 Vi -42v +0.8v
170 Channet A ViH sV +35V o1
RIO1-RIO4 vie “42v +0.8v
RON 250 ohma 250 0hms | _G4* 6.0 ma max.
VO Channel 8 Vin S1sv 35V o4
RI05-RI08 vie -4.2v +0.8v
RON 250 ohms. 2500hms | O4° 6.0 ma max.
DATAY Vin oV a0V o8
viL 42V +0.8v
DATAO RON 500 ohm 500 ohms | par+ 3.0 ma max.
INTO Vin SV +35V P
vie -4.2v +0.8v
INTY Vin B 435V o
Vi 4.2V +0.8v
A, BP Vou 03v v TL = 50 pT (man)
vor v 02V Int, Extor XTL
A, BP Vin 0.6V Y
vie aav o6V Stave Clock
XTLIN ViH oV +35V
Vig .60V -10v -4ov
clock ViR -lov N +a.0V 3
vie -42v +0.8vV Jhel
RON 500 ohms 500 ohms | oav* 2.0 ma max.
Ve Vin V= 11.0V max.
ViL
70 Vin 25V +25v Soecial circuit
Vi 5.0V ov
*State sstablished by 92 (minimum impedance during 9 4).
**Same a3 sbove except 04 minimum at 2 of next cycte.

NOTES:

MASK PROGRAMMED PULL-DOWN RESISTORS
ON QUTPUTS

Resistor pull-downs are available as an option on all R1I0, CLOCK,
DATAO and DI/O outputs. These pull-downs are connected to
Vpp. The following values +50% are available: 5K, 10K, 25K,
or Open Circuit, The 5K ohm option is not available on the clock
or DATAO outputs.

PULL-DOWNS ON INPUTS

MOS FET pull-downs are also available as an option on the PI,
INT, and DATAI inputs. The output current is 50 pa £35 ua
with the input grounded and Vpp at -8.5 volts.
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SUMMARY L ~ I a23DI/09 +H
A g 2 413D1/08 \
The Rockwell MM78 micr is a complete, 4-bit paratlel :;'é:_':g 3 ;‘s’gg:;gz -
processing system. its large instruction set is augmented by power- ve d s aso1/0s
ful muiti-function instructions. 31 1/0 ports further identify the voo [ 6 3701708 g
power of this system. Serial 1/0 capability, which can be clocked vss 7 38 gm/oa
simultaneously or externally controlled, extend their power. NC [ -} 35[D1/02 g
vss 9 34[b1/01
On a single LS| chip, the MM78 provides a complete 4-bit parallel Pig 10 33[3DI1I/00 \J
processing system — Central Processing Unit (CPU), Program PiIs N 32 g'”" (o]
Memory {ROM), Data Memory {RAM), Program Counter {P), PI3 [ 3 INTO
Instruction Decode, two Program Save registers, Data Address PI7 = :: 30 gDATA ! g
register (B), 10 1/O discrete drivers/receivers, two 4-bit parallel ::: g 15 :: :jgfg:: -
1/0 channels, two 4-bit parallel input channels, a serial input/ PIS s 273 R104 o
output port, interrupt and control logic, and a self-contained voo Cli7 26 Ri03 n
four-phase clock generator circuit. PI1 s 253 RI102
PO 19 24 RIO1 o
In addition to stand-alone system applications, this microcom- RIOS (J20 23JR108 O
puter can be directly interfaced with other multichip systems as RIO6 21 22[JRI107
dedicated slave controllers or for other purposes. Also, two or o
more MM78 systems can be directly combined to perform parallel PPS—4/1 MM78 Pin Configuration
processing or control operations. g
The MM78 may be ordered with binati of the foll 2
features {not every combination is available).
' FEATURES =
Operating Temperature m
0°C to +50°C (Consumer) ® 2048 8-bit bytes of program memory and 128 4-bit data words w
0°C to +70°C (Commercial) ® Clocked simultaneous serial input/output capability
Maximum Negative Voltage o Externally controlled serial iqpudwmut capability m
-30 Volts (Vacuum Fluorescent Drive) ® Two interrupt request input lines <
-15 Volts (Standard) e TTLand CMOS compatible =~ -
® Arithmetic logic unit and six working registers m ”
o Two-level subroutine nesting -l ]
e 31 input/output ports e
o Easy circuit level testing by user ITI & g
® Large instruction set — over 60 instructions g e
o Multifunction instructions increase throughput
e Single power supply operation {-15 volts +5%)
[ Low power (75 milliwatts typical, 125 milliwatts max)
® Powerful development aids:
— SYSTEM 65 with built-in mini-floppy disks and PPS4/1
Personality subsystem
— XPO-1 Evaluation Microcomputer Module
— Development Circuit (P/N A7899) provides address and
data lines so that Program Memory can be in external
PROM or RAM for emulation purposes
— Scheduled and Special Training Courses
— International Applications Engineering Support
©Rockwell International Corporation 1981 Specifications subject to
All Rights Reserved change without notice
Printed in U.S.A. Document No. 29000 DO1

Rev. 6, May 1981
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FUNCTIONAL DESCRIPTION
PROGRAM COUNTER {P), SA REGISTER, AND S8 REGISTER

The Program Counter contains the ROM address of the nextpro-
gram instruction. The address in the P Register is automatically
incremented each cycle time during normal operation to address
the next instruction. In addition, instructions are available to alter
the address in the P Register as necessary to fetch an instruction
from any address in program memory. After PO reset, the pro-
gram counter contains address hex 3C0. This location must con-
tain a NOP instruction.

The SA Register is a ‘‘save’’ register which saves the incremented
value of current address in the P Register during subroutine execu®
tion. This provides a means of returning from a subroutine
directly to the next instruction after the subroutine call.

The SB Register provides a second hardware stack register so that
two levels of subroutines may be nested in the microcomputer.

PROGRAM MEMORY —~ READ ONLY MEMORY {ROM)

The ROM provides 2048 bytes of storage for instructions and con-
stants required to operate the microcomputer. Under control of
the Program Counter the ROM will,read out the addressed instruc-
tion which is to be decoded and executed.

INSTRUCTION DECODE

The Instruction Decode logic circuitry interprets the instructions
pulled from ROM to provide control for data transfers, arithmetic
operations, other processing functions and input/output operations.

DATA ADDRESS REGISTER (B)

The Data Address Register is 7 bits in length and is made up of
two segments, B Upper (BU) and B Lower (BL). Data locations in
RAM are addressed by all 7 bits and the discrete input/output
ports are addressed by the 4 bits in BL when the value in BU is
between 0 and 3.

A number of multifunction instructions simultaneously modify
B8 Upper and cause B Lower to be automatically incremented
or decremented and tested for overflow or underflow.

ACCUMULATOR AND ARITHMETIC LOGIC UNIT
(A,ALU,AND C)

The Primary working register in the MM78 is the Accumulator
{A). It is the Accumulator which ties with the Arithmetic Logic
Unit (ALU) and the Carry flip-flop (C) to perform binary arith-
metic. By means of software routines, decimal arithmetic can be
performed. Constants may be loaded into the Accumulator from
the read only memory or variable data may be loaded from, or
exchanged with the random access memory (RAM) under control
of the Data Address Register (B). The Accumulator is also the
primary path for 4-bit parallel or serial input or output data.

A BUFFER

The contents of the Accumulator may be output for control, dis-
play, or data transfer functions through the A Buffer. The A Buf-
fer holds the data for output until new data is received from the
Accumulator or until the power is turned off.

X BUFFER

The X Buffer comprises four latches which will output the last
bit pattern loaded untii either a new Qutput X Register command
is executed or power is turned off,

X REGISTER

The X Register is an auxiliary register which may be used as tem-
porary storage for 4 bits of data without reference to data mem-
ory. The X Register is also used as a data path to the X Buffer
output register and from receiver inputs.

CHANNEL 1 INPUT PORTS (PI1 through P14)

The parallel input port P11 through P14 will be added to the con-
tents of the A lator upon d. The receiversare TTL
compatible and are synchronized (phase 1 time) so that asyn-
chronous input signals may be used.

CHANNEL 2 INPUT PORTS (P15 through P18)

The inverted state of the inputs at parallel input ports PI5 thru P18
will be loaded into the Accumulator upon command. The receiv-
ers are TTL compatible and are synchronized {phase 3 time) so
that asynchronous input signals may be used.

CHANNEL A 1/O PORTS (RI01 through R104)

The contents of the Accumulator may be output for control or
data transfer purposes through the A Buffer. The A Buffer
will hold “the data output until new data is output or power
is turned off.

CHANNEL X 1/0 PORTS (R105 through R108)

The four parallel input/output ports of Channel X function as
described in X Buffer and X Register paragraphs.

CONDITIONAL INTERRUPTS (INTO and INT1)

The conditional interrupts INTO and INT1 may be used to detect
external signals and set internal control flip-flops. The receivers
are TTL corr ible and synch ized with INTO sampled at
phase 3 and INT1 sampled at phase 1.

DISCRETE INPUT/OUTPUT PORTS (DI/O0 through D1/08)

There are ten discrete input or output lines each of which can be
controlled individually under program control. The receivers are
fully synchronized so that asynchronous input signals may be used.

CLOCK CONTROL (VC, CLKIN, EXCLK, AND OSCILLATOR)

The internal Oscillator and Clock circuit generates a four Phase A
and B clock signal used for all internal logic functions. The A
and B terms are also brought out so external logic can be synch:
ronized. The clock frequency is a nominal 90 kHz £40%. When
precise timing is required, a reference frequency may be input at
CLKIN.

DATA MEMORY (RAM)

The Random Access Memory (RAM) used for data memory con-
tains 128 4-bit characters. Data memory can be used to buffer
input or output values, hold intermediate results, or be used as
a register for timers, counters, comparators, etc., when the MM78
is used as a universal logic element.

S REGISTER — SERIAL INPUT/QUTPUT — SHIFT COUNTER

The S Register is a 4-bit serial-in/serial-out, parallel exchange,
register which is used as either an auxiliary storage register or
buffer for the simultaneous serial input/output functions. The
shift rate can be contralled either internally or externally.



PPS-4/1 MM78 INSTRUCTION SET

RAM Addressing Instructions

Logical Comparison Instructions
SKMEA  Skip if Memory Equals A

SKBEI Skip if BL Equals Immaed
Yy Cxehenge A with BL SKAEI  Skip If A Equals Immodiate Fiald
ad BL fram A TAB Table Look U
LB Load BL, BU + O a P
EOB Exclusive OR BU Input/Ou(put Instructions
LBL Load B Long Set Output Selected
INCB Increment B ROS Reset Output Selected
DECB Decrement 8 SKISL Skip on Input Selected Low
SAG Special Address Generation ‘oxx Input X)l(vom RIO 5-8
M Qutput X to RIO 5-8
B“ ampulast;?g Instructions I0A Input A Receivers to A and output A to RO 1-4
Reset Bit 1os Serial Input/Output
SKBF Skip on Bit False 118K Input Channel 1. Add to A, Skip if No Carry
12¢ Input Channel 2 and Compl‘mon(
Reglstev to Register Instructions INTIL Skip if INT1 Inputis Low
Load X from A INTOH Skip If INTO Input is High
XAS Exchange A and S Cond I T for | i
XAX Exchange A and X ranster instr
TC Transfer on Carry Set
Amhmetlc Instructions TNC Transfer on No Carry Set
Add Memory to A TLC Transfer Long on Carry Set
Add Memory with Carry to A TLNC Transfer Long on No Carry Set
ACSK Add Memory with Carry to A and Skip on Carry-out TBF Transfer on Bitin Memory False
ocC Decimal Correction TBT Transfer on Bit in Memory True
CcOoM Complement A TLBF Transfer Long on Bit in Memory False
RC Reset Carry TLBT Transfer Long on Bit in Memory True
SsC Set Carry TE Transfer on A = Memory
SKNC Skip on No Carry TNE Transfer on A # Memory
LAI Load A with Immediate Field TLE Transfer Long on A = Memory
AISK Add Immediate and Skip on No Carry-out TLNE Transfer Long on A ¥ Memory
ROM Addressing Instructions TiH Transfer if Input High
Return from Subroutine TIL Transfer if Input Low
RTSK Return and Skip TLIH Transfer Long if Input High
T Transfer on Page TLIL Transfer Long if Input Low
NOP No Operation Regmar Memory Instructions
TL Transfer Long Load A from Memory
TLB Transfer Long Banked Exchange A and Memory
™ Transfer and Mark XDSK Exchange A with Memory. Decrement BL and Skip if
TML Transfer and Mark Long BL Counts to 15
TMLB Transfer and Mark Long Banked XNSK Exchange A with Memory. Increment BL and Skip it
BL Countsto O
10 DISCRETE
INPUTS/OUTPUTS
mlw INTH f 1
Vss—l—’ ‘ T ‘ ‘
0.00 8 lN'IEiRU" MULTIPLEXER
Vob —Lb " DRIVERS AND RECEIVERS
!
DATAADDIESS
nzclsm ms.u
lNSIIUC'HON
DECOD! I
FOWER ON
RESET RO! A )
PRI i o
180K @
>
3
1l P FROGRAM
FOo47u " COUNTER
VSS°—
A
X 4
x BUFFER X !
DRIVERS AND —
REGISTER CHANNEL §
N A RECEIVERS /0 5-8
Vss smu.
0.033 pf =
) s SHIFT
Voo SERIAL
56K our
v v 1
—_— OSCILLATOR e vn
E&culno?p—- _ LN AND CLOCK CONTROL l l nzcswul RECEIVI
-
- | t I
o] ] | l
OSCILLATOR <K CHANNEL ¥ CHANNEL 2

PPS-4/1 MM78 System Block Diagram
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SPECIFICATIONS
OPERATING CHARACTERISTICS

Supply Voltage
Vpp = -15 Volts £5%
{Logic ““1" = most negative voltage V||_ and Vo(.)
Vss =0 Volts (Gnd)
(Logic /0" = most positive voltage V|4 and Voy.)
System Operating Frequencies:
90 kHz £40% with external resistor
Device Power Consumption:
75 mw, typical
Input Capacitance:

Open Drain Driver Leakage (R OFF):
<10 uaat-30 Volts

Operating Ambient Temperature (Tp):
0°C to 70°C (Commercial)
0°C to 50°C {Consumer)

Storage Temperature:
-55°C to 120°C

ABSOLUTE MAXIMUM VOLTAGE RATINGS
(with respect to VSS)

<5pf
Input Leakage: Maximum negative voltage on any.pin ~30 Volts
<10 pa Maximum positive voltage on any pin +0.3 Volit
TEST CONDITIONS: Vpp = -15V 5%, Ta = 0-70°C
LIMITS (VSS = 0) LIMITS (VSS = +5V) TIMING
(SAMPLE/ TEST
FUNCTION SYMBOL [ MIN  TYP MAX | MIN  TYP  MAX GOOD) CONDITIONS
Supply Current [Average) 00 5ma 8ma Sma B8ms
for VDD
Discrete 1/0's. Vin LoV +4.0V P
01/0 0-DI/O 9 Viu -4.2V +0.8V
RON 500 ohms 500 ohms)| b4 3.0 ma max.
Channel ¥ Input Vin 15V +3.8V R o
T oPNPIA Viu 4.2V +0.8V
Channel 2 Input Vin 15V 3.8V Py
PISPIS ViL 4.2V +0.8V
170 Channel A Vi 1.5V +3.5V Py
RI/O1-RI/04 Viv 4.2V +0.8V
RON 500 ohms 500 ohmd  ¢ar 3.0 me max.
1/0 Channel X Vin 10V +4.0v Not sync.
RI/O5-RI/O8 viL 42v vogy [ Musbe
#and 2.
AON 500 ohew 560 ohmd__ 94+ 3.0 ma mex.
DATA I Vin 1.0V +4.0v 'Y
vig 4.2v +08v
DATA O RON Y
INTO Vin 1.5V 2.8V s
ViL -4.2v +0.8V
INT1 Vin 1.5V +3.5V "
ViL 4.2V +0.8v
Clock VoM 1ov +a.0v CL = 50 pf (max.J
A, 8P, (8) Vor -10.0v 5.0V
EXCLK Vi 1.5V +3.5V STRAP £ max = 80 kMz
viL 7.0V 2.0V .
CLK IN Vin 1.0V +4.0V
. Vi -10.0v 5.0V
Shift Clock Vin “1.0v +4.0V ¢34
Clock ViL -4.2v +0.8V
RON 500 ohms 500 ohms] 3 ~2.0 ma max.
veses Vin S6K £5%
Vi
PO Vin 2.0V +3.0v Special cireuit
Vie 8.0V oV
* State by ¢2 during ¢ 4).
**Seme a3 sbove except $4 minimum st $2 of next cycle.
***Connect VC to VDD through & 56K resistor for 90 kHz.
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PARALLEL PROCESSING SYSTEM (PPS)
APPLICATION NOTE

SERIAL COMMUNICATIONS PROTOCOL
FOR MULTIPLE PPS-4/1 SYSTEMS

A simple communications protocol can be implemented between two PPS-4/1 microprocessors using only five interface lines. In order to
prevent both units from attempting to transmit simultaneously, one processor must be designated as the Master and the other as the Slave, The
Master initiates all communication. The Slave responds to commands and inquiries from the Master.

o

i

COMMUNICATIONS BUS

The Communications Bus consists of the Serial Channel lines — Serial Data Out (DATAQ), Serial Data In (DATAI) and CLOCK — and two bi-
directional handshake lines (DI/O). One of the handshake lines will be used to transmit the Data Ready control signal (DR), the other will be
used to transmit the Xmit Acknowledge control signal (XA). The connection of these lines is shown in the Serial Communication Block Diagram,

The normal (inactive) state of the handshake lines is low (driver off), which results in a "wired-OR" arrangement that allows either processor to
“raise" the line by turning on its output driver,
COMMUNICATIONS PHASES

Communications are normally conducted in two phases. During the Command Transmission Phase, the Master transmits a command or inquiry to
the Slave. During the Data Transmission Phase, the Slave responds by transmitting one or more data words.  The general sequence of events
for each phase is described in the text to follow, and ill d by the panying timing diagl

Command Transmission Phase

The sequence is:

1. Both handshake lines are low, indicating a "clear to send” condition. Voo
2. Master transmits the command code to Slave via the Serial Channel. MASTER 10K [ stave
Eight cycles are needed to transmit four bits.
ol/o oo

~st———— DATA READY ——=

SWILSAS L/¥-Sdd F1dILTINN HO4 T1000L0Hd SNOILLVIINNIWINOD TVIH3S

3. Master raises DR.
4, Slave senses DR high, saves command in RAM buffer and raises XA, Voo
5. Master senses XA high, and drops DR, 10K
6. Slave senses DR low, and drops XA. DATAO COowANDS TAL
7. Slave decodes command and performs required function. Voo
Data Transmission Phase 10K
The sequence is: SERIAL SERIAL
. CLOCKY et T CLOCK ———am- | CLOCK
1. Both handshake lines are low, indicating a “clear to send" condition, SHIFT CLOCK
2. Slave transmits dota to Master via the Serial Channel. Eight cycles veo
are needed to transmit four bits, 10K
3. Slave raises DR, DAT TAC
~————DATA
4. Master senses DR high, saves data in RAM buffer and raises XA,
Y
5. Slave senses XA high, and drops DR. i°
6. Master senses DR low, and drops XA, 10K
7. Slave senses XA low, and steps 2 through 6 are repeated for the oo ACKNOwLEDSTmENT—— °Y°
required number of data words, including a four-bit checksum value.
In the event of a checksum error, Master will transmit a new command
and the entire process will be repeated, PPS-4/1 SERIAL COMMUNICATION BLOCK DIAGRAM
SERIAL [T111 MT1T11
DATA + t
i
e I SRS S e
READY 1 ] | i 1
iz\ir [ 1 | [
R e B B B
TAANSMITR 5005 AL DATA — — — — —J oo bl
TRANSMITTER RAISES DATA READY }_ — e __ : | | |
U |
ey g otonae ) I |
RAISES XMIT ACKNOWLEDGE LINE
e LR P —— S
AND DKOPS DATA READY |
RECEIVER SENSESORLOWAND | | e el —_ —J I
DROPS XMIT ACKNOWLEDGE LI
ALL LINES LOW AGAIN “CLEAR TO ] ____________ ]
senp-
K SERIAL DATA HANDSHAKE TIMING DIAGRAM
Rockwell International Corporation 1977 Rockwell Microslectronic Devices
All Rights Reserved P. 0. Box 3669

Printed in U.S.A. Anaheim, Calif. 92803
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DOCUMENT NO. 29410 N24
JULY 1979

PARALLEL PROCESSING SYSTEM (PPS)
APPLICATION NOTE

Using PPS-4/1 to Operate a Liquid Crystal Display

PURPOSE internal oscitlator is used to generate the AC frequency

This application note illustrates the use of a PPS-4/1 for the LCD wave forms,

one-chip microcomputer to operate a liquid crystal

display that is driven by a Hughes HLCD 0438 device. Here is how the display is updated: New segment data

are stored in the MM78L RAM, The data are then
transferred to the HLCD shift register through the
MM78L serial output port. Finally, the HLCD load
line is pulsed by D106 to transfer the data to the

Although an MM78L is used as the microcomputer in
the example interface, the material in this note can

be easily adapted to the MM77, MM77L or MM78,

DESCRIPTION HLCD latches and implement the new display pattern,

Figures 2 and 3 show the flowchart and the PP5-4/1

data fi he di i
Segment data from the display are loaded into the coding for this procedure.

driver from the MM78L serial output port, as shown

in Figure 1. Because the PPS-4/1 is a PMOS circuit

and the HLCD is a CMOS circuit, VSS of the MM78L @

and VDD of the HLCD are connected to ground, and .

VDD of the MM78L and the ground pin of the HLCD SET 8 T0 POINT TO

are connected to -8.5V. For this example, DIO6 of ::(il::l;:ﬁsl;::mmm
the MM78L drives the HLCD load line and the HLCD ‘

FETCH AWORD, TRANSFER
—| TO S REGISTER AND

Aeidsiq |e3sA1Q pinbi] e ajesadQ 03 L /-Sdd Buisn

SHIFT OUT
[ -"- WAIT FORtHIFT out I
vss vDD | COMPLETE
DATAD ] DATAIN ‘
LCD
CLK | cLock DECREMENT B I
0I06 o LOAD SEGMENTS BACKPtANE
SEG1-32
BP
MM7SL HLCD 0438] | PULSE IS I
-[b LCcoo
VoD GND @
T 1
K Figure 1. INTERFACE BLOCK DIAGRAM Figure 2. DRIVER FLOWCHART
Rockwell International Corporation 1979 Specifications subject to
All Rights Reserved change without notice

Printed in US.A.



BL= 0 1 2 3 4 5 6 7

BU=2 DPLY
SEGMENT DATA REGISTER
LLINE  EQU 6
DPLY EQU 427
£
i
DISP  LBL  DPLY  POINTTO SEGMENT DATA REGISTER
DISPt L FETCH DATA
XAS TRANSFER TO SERIAL REGISTER
10 OUTPUT
NoP
NOP WAIT FOR SHIFT OUT
NOP COMPLETE
noP
NOP
DECB
T DISP1  REPEAT FOR REMAINDER OF DATA
LB LLINE
s0s
NoP
ROS

Figure 3. DISPLAY DRIVER
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PART NUMBER
R24

MODEM PRODUCTS

DATA SHEET

R24 2400 BPS INTEGRAL MODEM

INTRODUCTION

The Rockwell R24 is a high performance synchronous serial 2400 bps
DPSK modem. Utilizing extensive MOS/LSI technology, the R24 is
imp 1in three dular building blocks. It is innovatively de-
signed to enable its economic integration by system designers in a
broad range of communication, computer, and control equipment.

Having Bell 20t B/C and CCITT V.26 compatibility, the modular R24
offers the user sufficient flexibility to customize a 2400 bps modem
to his specific packaging and functional requirements. With a mini-
mum amount of interface circuitry, the modem can be configured for
operation on leased lines or on the general switched network.

MODULE VERSATILITY

The versatility of the R24 design is achieved by dividing the modem's
functions into three modules:

Transmitter — Module T
Receiver — Modules R1, R2

Each module can be plugged into standard connectors or can be
wave soldered on one or more printed circuit boards. The pin
spacing is on 100 mil centers. Modem modules are functionally
independent.

MODEM OPERATION MODES

In general, the modules can be configured to operate in the following
modes:
Simplex — Transmit only: Only the transmitter module (T) is used.

R1and R2 modules are used to implement
acomplete receiver function.

Simplex — Receive only:

Requires both transmit and receive func-
tions (although not simultaneously),
theretore, all three modules are used.

Half Duplex (2-Wire):

Full Duplex (4-Wire): Requires both transmit and receive func-
tions simultaneously, again all three

modules are used.

FEATURES/BENEFITS

LSI high density; low power
2400/1200 bps modes
Transmitter-Differential phase modutation
F iver-Coh phase d
Bell 201 B/C, CCITT V.26 compatible
CCITT A/B encoding options
Operating modes:
Half duplex {2 wire)
Full duplex (4 wire)
Simplex (Transmit or Receive only)
QOutstanding perf: over ditioned lines
LSTTU/CMOS compatible digital interface
Fixed compromise equalizer
V.27 compatible scrambler/descrambler
Answer-back tone generation
Clear-to-send delay options
New sync option provides rapid resynchronization
Typical power consumption 2 watts
Total module area 25 sq. in.
R24 Modem Evaluation Board facilitates evaluation and
design-in tasks.

.
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INTERCONNECT

INTERCONNECT

MODULE R24-R1

ANALOG

RECEIVE
BAND-PASS FILTER

COMPROMISE
EQUALIZER

CARRIER
DETECTOR

"MODULE R2aRZ

Vv RECEIVER AUTOMATIC
REF
ecewen | [l omme o =1 iien e
MOS/LS!
@: RECEIVER- *—J DECISION K== conTroL
OSCILLATOR v Mos}fgl 1 DATA
MODULE R24-T
TRANSMITTER TRANSMITTER
ANALOC |(Qummmmmml A TTENUATOR LOW PASS bAac DEVICE hl DATA
FILTER MOS/LSI
CONTROL:
TRANSMITTER 4=>
* VREF
TRANSMITTER
L"“L |:I OSCILLATOR l
CONTROL INTERCONNECT
R24 Functional Diagram
TECHNICAL DESCRIPTION
2400 BPS
Transmitter carrierfrequency .............coovieenn... 1800 Hz +£0.01% DIBIT PHASE CHANGE
V.26A V.26B/Bell 201

Echo suppression and answer tone frequencies — 2100 Hz +0.01% or 2025 00 0° +45°
Hz £0.01% 01 +90° +135°

11 +180° +225°

10 +270° +315°
Received signal frequency tolerance — The receiver can adapt to received
frequency errors up to + 10 Hz with less than a 0.5 dB degradation in bit 90° 270°  +180°

duertey P 9 ALTERNATIVEA " "

error rate.

Data signaling and modulation rate: .

1) Normal: Signaling Rate — 1200 baud +0.01%.
Data Rate — 2400 bps +0.01%

2) Fallback: Signaling Rate — 1200 baud +0.01%.
Data Rate — 1200 bps +0.01%.

Transmitted Data Spectrum — The transmitted spectrum’s bandwidth
extends from 800 Hz to 2800 Hz. Phase distortion characteristics are within
the limits specified in CCITT Recommendation V.26 bis. The out of band
signal power limitations meet those specified by Part 68 or Tariff 261 of
the FCC’s regulations, and typically exceed the requirements of inter-
national regulatory bodies as well.

Data Encoding (DPSK) — At 2400 bps, differential four-phase modulation
is used. The data stream is transmitted in pairs of consecutive bits (dibits).
Each dibit is encoded as a phase change relative to the phase of the preced-
ing signal element.

The R24 implements the phase A and B recommendations of CCITT V.26.
The modulation coding in Bell 201 modems is the same as V.26B. Definition
of these coding arrangements is shown in the following table:

/‘\’/’\[\/\l/’\l/\
\/\/\/V\l\/\/\/\/

+225° +315°

+45° +135°

AAnla A
AVAVAVAVAVIAVARY

Line Signal Diagram (V.26 A & B)

ALTERNATIVE B

At 1200 bps, differential two-phase modulation is used. Each bit is trans-
mitted at a relative phase change to preceding signal element in accord-
ance with CCITT V.26 bis.

1200 BPS
BIT PHASE CHANGE
0 +90°
1 +270°

Turn On Sequences — A total of twelve selectable turn on sequences can
be generated by the transmitter module.

Turn Off Sequence — When the transmitter has been sending data and
“Request to Send" is turned off, any remaining data bit information is trans-
mitted within 6 milliseconds.



Ready for Sending (T106) Response Times — These response times are
determined by the modem configuration selected and its associated turn
on sequence.

Receive Level - The modem receives line signals from 0 to-43 dBm.

Transmit Timing — The modem generates a Transmit Clock (T114) having
the f ing ch: istics: Freq y — 2400 Hz +.01% (1200 Hz
+.01% in fallback mode), duty cycle — 50 £ 1%. The modem is also op-
tionally capable of tracking an External Transmit Clock (T113) supplied by
the user. T113 has similar characteristics to T114.

Scrambler/D: bler — As a sel ble option, the scrambler/de-
scrambler may be inserted into the transmitterireceiver path. The purpose
of this scrambler is to ensure that the line signal will evenly span the allo-
cated bandwidth. This minimizes pattern sensitivity problems arising from
simple fixed and periodic data sequences. The scrambler is V.27 or V.27
bis/ter compatible.

Carrier Detect (T109) — The modem receiver incorporates a line signal
energy detector whose output responds to three selectable threshhold
levels.

Set 1 (V.26 bis, switched network) — Greater than -43 dBm = ON
Lessthan-48dBm = OFF
Set 2 (V.26 bis, switched network) — Greater than -33dBm = ON
Lessthan-38dBm = OFF
— Greater than -26 dBm = ON
Lessthan-31dBm = OFF
NOTE: A minimum hysteresis of 2db exists between the actual turn-on
and turn-off transition levels for each threshhold set.

Set 3 (V.26, leased line)

Selectable T109 Response Times — This time is defined as the interval be-
tween the sudden connection or removal of the received line signal to the
modems receive filter, and the subsequent transition of Carrier Detect
{T109) from one state to the other.

Carrier Detect
Transition Response Time
OFF 10 ON 6:+1ms
1 bl
{connection) 14 £1 ms }Se ectable
ON to OFF 8+3ms
|
(removal} 2243 ms } Selectable

Receive Timing (T115)'— The modem provides a data derived “Receive
Clock™ output in the form of a nominal squarewave (50 +1% duty cycle).
The modem timing recovery function is capable of tracking a £0.01% fre-
quency error in the assoclated transmit timing source.

Transmitter Output Levels — This output can be strap controlled in 2 £0.2
dB steps from-1dBm + 1dBto-15dBm + 1dB.

— The modem g tes a selectable answering
tone of 2100 Hz £0.01% or 2025 Hz +0.01%. The 2100 Hz tone meets
CCiTT Recommendations G.161 and V.25, and the 2025 Hz tone meets
Bell System requirements for both answering tone and echo suppressor

Equalizer — As a strap option, the modem contains a fixed compromise
delay equalizer which can be used to improve performance over uncon-
ditioned schedule 3002 lines. This option is normally positioned in the re-
ceiver, but it can be repositioned in the transmitter or bypassed entirely.
It is designed to compensate for the mean of the range of group delay dis-
tortions generally encountered in the United States. Its amplitude response
is nominally flatat 0.0 dB.

Tum On Ready for Sending
Sequence Response Contiguration and
Number Time Carrler Type
1 6.67 msec Switched Carrier — 4-Wire
(Bell 201)
2 8.33 msec Switched Carrier — 4-Wire
3 30 msec CCITT — 4-Wire
4 30 msec CCITT — 4-Wire with Scrambler
5 90 msec CCITT — 2-Wire
6 90 msec CCITT — 2-Wire with Scrambler
7 148.3 msec Switched Carrier — 2-Wire
8 148.3 msec Switched Carrier — 2-Wire with
Scrambler Answer Tone Ger
9 220 msec CCITT — 2-Wire Echo Protection
10 220 msec Switched 2-Wire Echo Protection
with Scrambler
1 800 msec CCITT — 2:Wire Auto Call disablingtone.
12 800 msec CCITT — 2-Wire Auto Call with
Scrambler
Response Time tolerance ( + 0.9, -0.1) msec

Test Pattern Generation—The scrambler/descrambler function can be used
to implement a 127-bit test pattern feature. For example, a constant mark
input could be scrambled and transmitted as a pseudo-random signal to be
descrambled at the receiver back to the constant mark. A transmission error
would be represented as a space for the duration of an incorrect bit.

Multipoll Synchronization — The “new sync” (NSYNC) digital input can be
pulsed to cause rapid resynchronization of the receiver for sequences of
incoming messages. This feature is necessary in some polling applications.
However, if the user's hardware/software does not supportthe use of “new
sync” (NSYNC), then the optional *‘fast sync’ (FSYNC) can be utilized to
enable a fast resynchronization procedure.

Selectable Clamping Options —
1) Received Data (T104) — This output is clamped to a selectable constant

(space or mark) when “Carrier Detect” is off, to prevent disturbances
on the line from getting through the receiver to the dataoutput.

2) Carrier Detect (T109) Clamp — This output may be clamped OFF
(sq ed) in 2-wire applicati during the time when “Request to
Send™ (T105) is on. An additional option extends this clamp for 148
msec beyond T105 transitioning off, providing echo protection.

3) Receive Clock (T115) — This clock output can be clamped OFF when

“Carrier Detect” is off, thereby preventing any disturbances from pro-
ting through the receiver to the receive clock output. -
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SYSTEM DESIGN

The R24 modem modules provide the user with sufficient flexibility to
implement a wide range of modem functional configurations. This flexi-
bility is achieved by digital control at the module interfaces. For a given
application, such as a lease network V.26 Alternative B modem (Bell 201B),
the complexity of the user interface can be significantly reduced by
strapping those data interface inputs which do not change. The modem
interface can also be under software control. ’

Figures 1 and 2 show the basic interface connections for the transmitter
module (T) and the receiver modules (R1,R2). These diagrams are applicable
for any operation mode of the modem-simplex, half-duplex, or fuil-duplex.

COMMON MODEM DIGITAL

CONTROLS
V26A
)
+5V +12v —12v COM S8GR
R NSYNG
LT 1 la———3= CLAMP
ANALOG -1 ' RANSMITTER
TRANSMITTER
TRANSMITTER(T) DIGITAL CONTROLS
[ cauto
TONA
0 TBC
T TFIL DACOI v
TRANSMI uT T2WiaW
] DIGITAL
LEVELCO X
—% INTERCHANGE K
Y
- 1dBm T8 7C06
—gg:m T106 800 MS
—5dBm E
-7dBm nn
odBm 13
~11d8Bm T4
- 13dBm
- 15dBm
TRANSMITTER INTERFACES
Figure 1
+12v —12v COM ’
e e [ GAIN gﬂ G2
ANALOG LI UL
REC IN — RECEIVER (R1)
| |
RECOUT
RLSD| THRH]
' ™ DIGITAL
EQOUT| of S N LR ? INTERCHANGE
RECEIVER ( RBCK e T104
DIGITAL EQIN nu
CONTROLS ! gpm] = T115
Rg\a’&W RECEIVER (R2) COMMON MODEM
oS DIGITAL CONTROLS
cros 1 | | | T v
T T T V26A
cP1s +5V 412V ~12V com AGL——lc TANALOG DIAGNOSTICS 1
FSYC T SVC S8GR
ROVDS NSYNC
oCP CLAMP
A
PE

RECEIVER INTERCONNECTION

Figure 2

MODEM OPERATION — HALF OR FULL-DUPLEX

Figure 3 indicates the module interconnections necessary for half-duplex
operation. For full-duplex operation, the transmitter/receiver interconnec-
tions are similar to the half-duplex case with the exception that “REC IN”
is not connected to T2 or T1. In full-duplex operations, the trar i
and receiver paths are independent. ’

As shown in the diagram, a transformer is sutficient to connect directly
to a leased line in the U.S. For the switched network, registered protective
circuitry or a data access arrangement (DAA) is generally required. Rockwell
offers an FCC registered protective circuitry product to support this appli-
cation. Requirements for line interface and protective circuitry vary inter-
nationally.

TOLEASED REC RECEIVER ===~ DIAGNOSTICS
LINEOR N

TO SWITCHED le—> RECEIVER
NETWORK 3“ CONTROL
PROTECTIVE DATA (T104)
CIRCUITRY CLATF V26A

h CONTROL
CLAMP NSYNC
5612 TRANSMITTER
R 11| TRANSMITTER(T)  [@=9 - oot
OPTIONAL

[«—— DATA(T103)

RESISTOR

TRANSMITTER-RECEIVER INTERCONNECTION
(HALF DUPLEX)

Figure 3
Secondary Channel — The modem modules provide the user with all the
interface connections needed to add an external secondary channel if re-
quired. This data transmission channel would operate at a lower rate, and in
a different portion of the available bandwidth than the primary. Additional
external receive filtering would also have to be added to allow simuitaneous
operation of the primary and secondary channels.

Analog and Digital Loopback — To check out or diagnose the communica-
tion link, loopback testing s often performed. A test word is transmitted

and “looped" back to the originating DTE. Typical types of loopback tests
are:

(@) LocaLDIGITAL  (3) REMOTE ANALOG

() LocaLaNALOG  (3) REMOTEDIGITAL

MODEM MODEM

: PEs st [ 7P meve [
DTE @;—————@I‘ @/\————@, DTE
< ReVR L’ e’ XMIT g

COMMUNICATION
CHANNEL

DTE - Data Terminal Equipment
The modem modules provide the user with all the necessary interface
connections to implement almost any loopback scheme desired. With a
minimum amount of external circuitry, loopback testing can be controlled via g
communications adapter/software approach or manually. For local analog,
remote analog and remote digital loopback, the V.27 scrambler within the
modem can be used to generate a 127-bit word.



INTERFACE DESCRIPTION

STANDARD DIGITAL INTERCHANGE

TRANSMITTER ANALOG CONTROLS

Term
(CCITT V.24 EJA RS232C_Moduls Interface
I Tnput__ Output

Module Interface

utpul

T103 BA T9 Transmitted Data

T104 BB R2:5 Received Data
T105 CA T-8 Request to Send
T106 cB T-6  Ready for Sending
(Clear to Send)
T109 CF R1-4 R2-:22 DataChannel Received Line

Signal Detector (Carrier Detect)
Tin CH T-12, Data Signalling Rate Selector
R2:9 Selects 2400 bps or 1200 bps
Mode
External Transmit Clock
{Transmitted Signal Element
Timing)
T114 DB T-10  Transmit Clock (Transmitteg
Signal Element Timing)
T115 DD R2:6 Receive Clock (Receive Signal
Element Timing)

T113 DA T7

ANALOG LINE INTERFACES

Modute interface

Term nput Output Description
RECIN R1-12 Analog Line Signal Input (Receive Filter
Input)
T1 T1 Low Impedance Transmitter Qutput
T2 T-2  Standard Transmitter Output 600 ohms
Impedance

COMMON MODEM DIGITAL CONTROLS

Module Interface

Term Tnput___ Oulpul Description
veea 18 Selects V.26A or V.268 Dibit Encoding
| T-15
81’21172 Controts for Scramble Operation
S8GR R2-14
NSYNC  T-14 Controls T109 to Force Rapid
R2-11 Resynchronization of the Receiver

CLAMP R2-10  T-13 Implements Squelch for Carrier Detect
(T109)

TRANSMITTER DIGITAL CONTROLS

Torm input Outpul Description
DAC OUT T-22  Output of Digital to Analog Converter
TFIL T-23 Input to Low Pass Filter. DACOUT is

Normally Connected to TFILUnless
Additional Filtering or an Equalizer is to be
Inserted.

TIN T3 These Nine Signals Implement the
- 1dBm T-39  Transmitter Output Leve! Attenuator Oneof
—3dBm T-38 theSignals — 1dBm 15dBm is
—5dBm T-37 Strapped to TIN to Setthe Desxrad Output
—7dBm T-36 Level.
-9dBm T-35
-11dBm T-34
—13dBm T-33
- 15dBm T-32

RECEIVER DIGITAL CONTROLS

Moduls Interface
Term nput Oufput . Description

RBCK R1-1 R2-25 Receiver Baud Clock

RLSD R2:24 R1-2 | Control Signals to Generate Carrier Detect
THRH R1-3  R2-23 ¢ (T109) and implement T109 Threshold Set

R2Wi4aW  R2-8 Select Function

THO9 R2-18

TCO09 R2:15 Determines Carrier Detect (T109) Off-to-On
Response

PBS R2-16 Determines Carrier Detect (T109) On-to-Off
Response

CP04 R2-17 Clamps Received Data(T104)to a mark
or space when Carrier Detect(T109) is Oft

CP15 R2-19 Optional Clamping of Received Clock (T115)

FSYC R2-20 Fast Sync Optional Fast Resynchronization

Procedure

RECEIVER DIGITAL DIAGNOSTICS

Module Interface
Term nput Output

Module Interface

Term Tnput Output Description
CAUTO T3 Initiates Answer Tone
g ndi ompletion of Ti ission
TONA 5 of Answer Tone =
T8C T-4  Transmitter Baud Clock
ra T-28 Input Forcing Transmit Clock (T114) to

Phase and Frequency Lock to External
Transmit Clock (T113)

T2WI4W  T-11 Inputs Affecting Ready for Sending
X T-24 Response Times, Answer Tone Frequency

K 125 and Carrier Detect (T109) Squelch
Y 126
TCO6 127

800MS  T-29
E T-30

SYC R2-1  Digital Outputs which Enable User to
RCVDS R2-2 Generate Eye Pattern and Phase Error
DCP R2-4  Information
A R2-3
PE R2-7

RECEIVER ANALOG CONTROLS

Module Interface

Term nput utput
RECOUT R1-7 Receive Filter Ouput
EQIN R1-8 Equalizer Input
EQOUT R16 Equalizer Output
RLSDIN R15 Carrier Detect Circuitry Input
AGCIN R2:21 Automatic Gain Control Circuitry Input
AGCOUT R2-26  Automatic Gain Control Circuitry Qutput
GAIN R1-10 | Optional Carrier Detect (T109) Threshold
G1 R1-11 Selection Controls
G2 R1-8

IANALOG R2:27 Sample and Hold Circuitry Input




MODEM PERFORMANCE

The R24 is a high performance synchronous 2400 bps DPSK modem,
utilizing a coherent demodulation technique to achieve reliable operation
over the switched network or unconditioned lines. This section contains
a quantitative discussion of the R24's typical performance under varying
test conditions.

DISPERSION
DUETO GAIN
ERRORS

DISPERSION DUE
TO PHASE ERRORS

Timing Jitter — The maximum steady state timing jitter of *receive clock”

DISPERSION AROUND
with respect to “transmit clock” is less than 10% p-p for an input signal-to- PROPER POSITION DUE
noise ratio of 12 dB. CIRCLE REPRESENTS TO COMBINATION OF

seratioof12d PROPER POSITION OF RANDOM NOISE, PHASE
HIGH QUALITY SIGNAL ERROR. ANDIORGAIN

Bit Error Rate — The following graph represents typica! R24 performance:

Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A)

Phase error and eye pattern can be extremely usefut for modem acceptance
testing, product evaluation, and observation of line signal quality under
actual operation.

ELECTRICAL CHARACTERISTICS
POWER REQUIREMENTS

a group of dots in the baseband signal plane; hence, it is a graphic repre- "
sentation of modem performance. Digital outputs are directly CMOS or low-power Schottky TTL compatible.

-
E Maximum
§ Module Voltage Ripple Current
H
H
H T +5 Vde £5% 100 mV p-p 38 mA

+12 Vdc £5% 50 mV pp 16 mA
-12 Vdc £5% 50 mV p-p 48 mA
R1 +12 Vdc £5% 50 mV pp 23 mA
-12 Vde +5% 50 mV pp 16 mA
R2 +5 Vdc £5% 100 mV p-p 64 mA
+12 Vdc +5% 50 mV pp 25 mA
-12 Vdc £5% 50 mV p-p 78 mA
0 Maxi total power cor ption approxi ly 3 watts.
4 5 & 72 8 5 0 N o2 W U s Typical total power consumption approximately 2 watts.
SIGNAL TO NOISE RATIO (DB)
e R AT DIGITAL INTERFACE
3 2400 BPS. V.26A OR B, 150.150 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER The R24 provides LS TTL or CMOS compatible logic leve!s that are function-
§ 400 Pas. 36 On 5. 3507 CNCONBIHIONED LWE. NG SemMBLER Lot En ally equivalent to E1A RS232/449 and GCITT V.24
Typical Bit Rate Performance Input
Logic Allowed Input Voltage Levels
Phase Error — Phase error can be measured by using the modem's output Low -12.0V 10 +0.8V Sinking <10 pA
signals PE, SYC, and A. With an external test circuit, a numerical value can High +4.0V to +5.0V Sourcing <10 pA
be derived to Indicate the quality of received data. This numerical value can
be directly correlated to bit error rate performance. The required test circuit Digital inputs are directly CMOS compatible. Interfacing with standard
can be implemented with discrete circuitry or in software within a micro- TTL or low-power Schottky TTL requires an external pull-up resistor.
computer.
Output
Logic Allowed Output Voltage Levels
Eye Pattern — By using the modems digital output signals RCVDS, SYC,

E %) and A along with an added test circuit, the user can generate an oscillo- Low 0.0V to + 0.4V Sinking 0.36 mA

S E scope quadrature eye pattern. This pattern displays the received signal as High +4.0V to + 5.0V Sourcing 100 uA

==
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IR D P
+12V (19)
-325 15)1 COM (20} -325
(8.26) 14) NSYNC +5V (21 (8.26)
13) CLAM DAC OUT (22]
12)T1%1 TAIL (23
1) T2w/zaw 4
TRANSMISSION LINE INTERFACE 107114 Ki2s
8) 7105 TCO6 (27,
72T113 Z(28)
617106 BOOMS (29 ]
5) TONA E (30)
*3) TBC TIN (31
The R24 provides an analog interface that must generally be transformer l 3 cauto :15d8m (32
coupled to ensure normal telephone line isolation. Through appropriate 1}mM -1;23: g
selection of transformers and other interface circuitry, the R24 can be con- 100 7d8m (36|
figured to operate on leased or dial-up telephone lines, or on other special (2.54) gggm (Jg
private networks. For the dial-up line interface, Rockwell offers an FCC TYP. 1dBm (39
registered module that allows direct connection to this network. For the \ p ‘.)
teased line interface, only t formers with ch ics similar to those 025 (.64) SQ. PIN
utilized on the R24 modem evaluation board are required for this connection. 39 PLACES
Transmitter Module Package
The receiver and transmitter line interfaces are single-ended (non-trans- T 7 325
former coupled) signals with the following characteristics: G2(9 & 8.26)
1.026 GANN (10) 4
(26.04) G1(11) 1
I RECIN(12) 1
Transmitter Output (Normal) B (B)EQIN
{7} REC OUT
(6) EQ OUT 1.900
Output Impedance: 600 ohms = 2% BIMSON (48.26)
Maximum outputleve!l: < 0.0dBm i
Transmitier Output (Alternate) Low Impedance: 1’00
(2.54)
YP. .
Output Impedance: 0 ohms (op amp output) TYP . ,}%3::3{ J
. coMm(15) &
Maximum output level € +6.0dB ¢ ‘)
\ oa) ¢
" . .025 (.64) SQ. PIN
Note: This output for loss p 15 PLACES
. . Receiver - R1 Module Package
Receiver input:
* [ T 7y 325
Input Impedance: 15.8K ohms = 1% 00 AGCINGY @ (8.26)
Maximum Input Level: 0.0dBm ('zgo 32) nog:zz: p
f THRH (23) 1
RLSD (24) 1
20) FSYC RBCK (25
BAS31E
MECHANICAL SPECIFICATIONS 18) THos 2n
16) PBS
15) TC09
14) S8GR
13) V26A 2.500
.300 MAX. 2.400 | 344 +.005- i f—— (63.50) 2.630
(COMPONENTS) | B 10) CI‘.ﬂW’ (89.66)
___________ 8) R2W/4W MAaX.
T A i
i [ I — 8} T115
== =t Ao
u ¢ gumr
062 } .00 44 I hevos
2.75 £ .03 -wf 080 +.007 8 ( T1sve +5v(28) 1
o comis b
+ [
{LEAD PROTECTION) (2.54) 2van @
TYP.
- N ~ -1

.025 (.64) SQ. PIN
31 PLACES

Receiver - R2 Module Package

NOTES: 1) Dimensions in inches {millimeters). .
2) Component side shown

NOTE: This cross-section is common to all modules.
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PRINTED CIRCUIT BOARD MOUNTING OPTIONS
FOR THE R24 MODULES

Three methods of mounting are commonly used. Each configuration
has certain distinct advantages.

R24 MODEM EVALUATION BOARD

To facilitate evaluation and design-in of the R24 modem for new and exist-
ing equipment designs, an R24 Modem Evaluation Board (R24MEB) is
available — see below. The R24MEB can be easily combined with terminal

Mounting Type of Connection Basic
Method or Connector Used Advantage
Standard Flush Wave Soldered Into Standard Lowest Height
PCB Component PCB Evyelets Profile
Mount
Above Board Connectors (SAE Series Plug-in Capa-
Low Profile 30000r Methode Series 1000) bility at Low
Socket These Sockets are Wave Cost
Soldered Into Standard
PCB Eyelets
PCB Plug-in Connectors (AMP Miniature Lowest Pro-
Sockets (Bullets) | Spring Sockets.) file for Plug-in
Pin Sockets are Individually Capability
Soldered Into PCB Eyelets

ENVIRONMENTAL SPECIFICATIONS:

Operating temperature: 0°C to 60°C

Storage temperature: -40°C to + 80°C

Relative humidity: to 95% (non-condensing)

Altitude: -200 to 10,000 feet (-6 1 meters to 3,049 meters)
Burn-In: 96 hours at 70°C

Order Information

When ordering, specify products as follows:

R24 — Set of 3 modules (T, R1, R2)
R24MEB — Modem Evaluation Board

The R24 transmitter function {(R24-T module) and the R24 receiver function
(R24-R1, R24-R2 modules) can be purchased separately. Contact your
Rockwell Sales office or Anaheim to quote specific customer requirements.

y for real-time performance evaluation.

RECEIVER

TRANSMITTER

R24 Modem Evaluation Board (R24MEB)

The Modem Evaluation Board is equipped with a standard 31 pin edge con-
nector, control switches, output level jumper, and interface transformers.
These features allow full control of the interface circuitry. In addition, this
unit can be used directly in aU.S. leased line configuration.

The R24MEB is recommended for all first-time users to assist in their evalu-
ation. Complete documentation is supplied with each initial R24MEB.



MODEM PRODUCTS
PRODUCT SUMMARY

N Rockwell

R24 DC 2400 BPS Direct Connect Modem

INTRODUCTION

The Rockwell R24 DC is a high-performance, serial syn-
chronous DPSK modem suitable for direct connection to
domestic switched network or two-wire private lines. Utiliz-
ing extensively MOS/LSI Technology and High Quality
Components, the Modem plus registered protective circui-
try is implemented on a single 5.00” by 7.850” card. Per-
formance and versitility are enhanced while cost and size
are reduced by the on-board Rockwell PPS-4/1 One Chip
Microcomputer.

The Rockwell R24 DC offers the user a complete high per-
formance 2400 BPS Modem that is FCC registered for di-
rect connection to the dial-up network. OEM’s can easily
incorporate the Single Card into their computer terminals,
communication networks, PABX equipment, Data concen-
trators, Stand-alone box modems or any applications where
reliable data communication is required.

MAXIMUM MODULE DIMENSIONS

w L H
5.00" 7.850" 0.600"
INTERFACE CONNECTORS
*__omE TELEPHONE LINE

40 pin, 0.100" spacing 10 pin, 0.100" spacing
20/side Siside

’i
:

-

FEATURES/BENEFITS

e High Performance; Low Cost

o LSI High Density; Low Power

e Microcomputer Controlled Line Connect/Disconnect
Sequence; Low Component Count

e Bell 201 B/C, CCITT V.26 Compatible

Half Duplex (2-Wire) Operating Mode

2400 BPS Data Rate

Auto or Manual Answer

Auto or Manual Call Originate (Pulse Dialing)

Automatic Answer Back Tone Generation upon Auto

Answer

Direct Connect to Swtiched Network

Programmable or Permissive Connection Arrangement

Local Analog Loopback Test Mode

Compromise Equalizer (Strap Selectable)

Scrambler/Descrambler Facility (Selectable)

Line Current Sensing (Selectable)

DTE Interface LSTTL/CMOS Compatible

Extemal Transmit Data Clock Tracking

Power Requirements, +12V, +5V

Typical Power Consumption 3 Watts

Diagnostic Outputs Available for Eye Pattern and Data

Quality Monitor

15 Second Abort Timer (Selectable)

©Rockwell intemational Corporation 1961
e
Printed in U.SA.
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R24 DC FUNCTIONAL BLOCK DIAGRAM

Compromise
Equalizer EQOUT
-T—
E
L
£ =, o A oo
0 EQIN
N
N l X-Tal Voltage
] - REF
T 1 -
& [ F ou‘.txn 1" REF
F Detection X-mit
A |mic Clrcultry t X-mittr REC
: = (= e
ol
o wostsi [~ oac
N } (11043) R
N Output [
E Level
c F4 Control
T Network
A I Tranaritr N
— ice
MOSILSI
— xon Lo | =1 i
i Joxc 1 o
X
— Declsion
PPS4/1 l Device
Micro- MOSLS!
Processor
Device ps a (11044) Diagnostics
(A7552) K » A
SYC
F RCVDS
ocP
PE
[ DTE INTERFACE CONNECTOR |
POWER SUPPLIES: ENVIRONMENTAL SPECIFICATIONS
+5VDC * 5% at 102 ma (max.) Operating temperature: 0°C to 60°C
+12VDC + 5% at 64 ma (max.) Storage temperature: —40°C to +80°C
—-12VDC =* 5% at 142 ma (max.) Relative humidity: to 95% (non-condensing)

Burn In: 96 hours at 70°C

For more information contact your local Rockwell Representative
or Regional Office, or Telecom/Subsystem Marketing, Rockwell
Microelectronic Devices, P.O. Box 3669, Anaheim, CA 92803.
TWX 910-591-1698. Telephone: (800) 854-8099, in Califathia (800)
422-4230.

’1 Rockwell International
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O Rockwell

MODEM PRODUCTS
PRODUCT SUMMARY

V96P/1 Multi-Configuration 9600 BPS Modem

INTRODUCTION

The Rockwell VO6P/1 is a versatile, high-performance mo-
dem on a single printed circuit board. Having CCITT V.29
and V.27 compatibility, the V96P/1 offers the user sufficient
flexibility to customize a 9600 bps modem. With minimum
interface circuitry, the V96P/1 can operate on dedicated
lines or on the general switched network. In addition, the
V86P/1 is compatible with the Rockwell V96P and M96P
products.

MARKET RESTRICTIONS

Minimum purchase must be 1000 units/year. Additional re-
strictions are application dependent. Please contact Rock-
well for further information.

BOARD DIMENSIONS

9.188 in. (233.38 mm) x 6.288 in. (159.7 mm)

FEATURES/BENEFITS

e Maximum digital LSI signal processing
e 9600/7200/4800/2400 bps modes
o Ultimate user flexibility (CCITT V.29, V.27 ter, V.27 bis
compatible, and 300 bps per CCITT T.30)
Single printed circuit card
Smallest full-feature modem
High reliability
Approaches theoretical performance limits
Operating Modes:
Half duplex (2 wire)
Full duplex (4 wire)
TTL-compatible
0 to —45 dBm dynamic AGC range
Analog loopback test circuitry
Automatic adaptive equalizer
Typical power consumption 3.5 watts

-WapOW Sdg 0096 uopesnbByuod-NINK 1/d9I6A
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Specifcations subject to
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V96P/1 FUNCTIONAL DIAGRAM

CONTROLS I
TRANSMIT TRANSMITTER TRANSMITTER LOW PASS ANALOG
DEVICE D/A
o iR ol
INPUT
el e
INPUT OUTPUT
BAND PASS
FSK
FILTER
,T\ c/ o
LOOPBACK
BAND PASS
RECEIVE FILTER, DEMODULATOR/ADC
LINE SQUELCH AD DEVICE
SIGNAL & MOS/LSt
AGC
RECEIVE
CONTROLS —i |7 :ﬁHASPEED
RECEIVER RECEIVER CONTROL DECISION
DEVICE DEVICE DEVICE
MOS/LSI MOSsSt Mos/Lst
EQUALIZER
MOSLSI
POWER SUPPLIES: ENVIRONMENTAL SPECIFICATIONS
+5V (x 5%) +VM, <200 ma Operating temperature: 0°C to 60°C
+12V (% 5%) +VA, <110 ma Humidity: Up to 80%, non-condensing, or a wet bulb tem-
=12V (% 5%) -V, <280 ma perature up to 35°C, whichever is less

(maximum currents)

For more information contact your local Rockwell Representative
or Regional Office, or Telecom/Subsystem Marketing, Rockwell
Microelectronic Devices, P.O. Box 3669, Anaheim, CA 92803.
TWX 910-591-1698. Telephone: (800) 854-8099, in California (800)
422-4230.

‘l Rockwell International
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Rockwell MOS/LSI

Telecommunication Products

CRC 8000, 8001 — Binary to Dial Pulse Dialer

DIGITAL

16 Digit First-In-First-Out (FIFO) Memory
Asynchronous Operation

10pps (2KHz Clock) Dial Pulse Operation with a Minimum
650ms Interdigit Time

20pps (4KHz Clock) Dial Pulse Operation with a Minimum
325ms Interdigit Time

CRC 8000, TTL Input compatible
CRC 8001, MOS Input compatible

ELECTRONIC

SYSTEM CRC 8000, 8001

»

DIAL PULSE

CENTRAL
OFFICE

The dialer accepts binary data, stores the data in a first-in-
first-out memory, and generates dial pulses at normal tele-
phone rates. Internal timing is derived from an external
2KHz or 4KHz clock. With a 2KHz clock, a 10pps (60%
break/40% make) dial pulse frequency having a minimum 650
ms interdigit time is generated. If a 4KHz clock is used, the
dial pulse frequency is 20pps and the interdigit time is re-
duced to 325ms minimum. The memory section is necessary
as the incoming data rate may be much faster than the
normal dial pulse output rate. Binary codes one (1) through
fifteen (15) produce the same number of dial pulses. A binary
zero input produces sixteen (16) dial pulses.

CRC 8030 — Dual Tone Multi-Frequency Detector

TOUCH - TONE®

FRONT END
FILTER/LIMITER

Digital range filter detects all 16 Touch-Tone® signal
combinations

Detects a tone pair in 22 ms to 39 ms

Digital logic impervious to frequency or bandwidth drift
caused by time, temperature, or voltage

Automatic internal reset when no tones are present

Variable pulsewidth Strobe output provides mcreased
talk-off protection

Binary or 2-0f-8 coded outputs option

Inputsloutputs can be left floating when not used
Single or dual power supply option

On-chip oscillator — 3.579545 MHz color-burst crystal
Central-office-quality detection

Excellent talk-off protection — As little as one hit on Miteltest
tupe (CM 7290)

DIGITAL
2 CENTRAL
OFFICE
CRC 8030
os | ELECTRONIC
S ) SYSTEM
DIGITAL L

Dual-Tone Multi-Frequency (DTMF) or Touch-Tone® signal-
ing has made telephone communication faster, more efficient
and more convenient than dial pulse signaling. Touch-Tone®
telephone instruments or automatic dialers generate a tone
pair representing the ‘‘dialed’’ number and send them over
the lines to a receiver which detects the tones and reliably
identifies the number.

Utilizing a digital filter algorithm, the CRC 8030 provides
a low-cost and high-performance solution for DTMF
detection.

A strobe output indicates when the output data are valid.

When linked with a front-end band-split filter/limiter, the
CRC 8030 implements a complete DTMF receiver.

This design approach provides the optimum technological
benefits of analog and digital design techniques.

® Registered trademark of AT&T




DTMF to Dial Pulse Conversion

TOUCH - TONE®

FRONT END
FILTER/LIMITER

DIGITAL

—>]
CRC 8030 CRC 8001
—»]

A DTMF to dial pulse converter can be easily implemented
using the CRC 8030 and the CRC 8001.

For example, where electronic switching systems (ESS) are
not available, the CRC 8030, a Dual-Tone Multi-Frequency
Detector, and the CRC 8001, a Binary to Dial Pulse Dialer,

OFFICE

can be utilized to convert Touch-Tone® signals to dial pulse
signals. The CRC 8030 decodes Touch-Tone signals to their
binary equivalent and the CRC 8001 converts the binary
information to a train of pulses compatible with the standard
telephone dial pulse signals.




CRC 8000, 8001

MOS/LSI TELECOMMUNICATIONS DEVICES
_ JECHNICAL BULLETIN

T Y S AN

Binary to Dial Pulse Dialer

16 Digit First-In-First-Out (FIFO) Memory
Asynchronous Operation

10pps (2KHz Clock) Dial Pulse Operation with a
Minimum 650ms Interdigit Time

20pps (4KHz Clock) Dial Pulse Operation with a
Minimum 325ms Interdigit Time

TTL Compatible

General Description

The CRC 8000 and CRC 8001 are P-channel enhance-
ment mode MOS Binary to Dial Pulse Dialer utilizing
ion implant, low threshold voltage processing. The
Dialer accepts binary data, stores the data in a first-in-
first-out memory, and generates dial pulses at normal
telephone rates. Internal timing is derived from an ex-
ternal 2KHz or 4KHz clock. With a 2KHz clock, a
10pps (60% break/40% make) dial pulse frequency
having a minimum 650 ms interdigit time is generated.
If a 4KHz clock is used, the dial pulse frequency is
20pps and the interdigit time is reduced to 325ms min-
imum. CRC 8000 and CRC 8001 are identical except
for their input interface. CRC 8000 inputs are TTL
compatible and CRC 8001 inputs are MOS compatible.
The devices are available in a 16 pin dual-in-line pack-
age.

The CRC 8000 can be installed in telephone central
office stations to perform binary to dial pulse conver-
sions. In areas where electronic switching systems
(ESS) are not available, the CRC 8000 and CRC 8030,
a Dual-Multi-Frequency Detector, can be utilized to
convert Touch-Tone® signals to dial pulse signals. The
CRC 8030 decodes Touch-Tone signals to their binary
equivalent and the CRC 8000 converts the binary
information to a train of pulses compatible with the
standard telephone dial pulse signals.

Operation

Digits, in the form of four binary inputs, are loaded
asynchronously relative to the clock into a 16 digit
first-in-first-out (FIFO) memory. This memory section
is necessary as the incoming data rate may be much
faster than the normal dial pulse output rate. Binary
codes one (1) through fifteen (15) produce the same
number of dial pulses. A binary zero input produces
sixteen (16) dial pulses.

Dialer operation is controlled by the ‘“Load” and
“‘Memory Read Inhibit” inputs. A load pulse is required
in order to input each digit into the FIFO. With a
2KHz clock, the maximum data entry rate is 500 digits
per second.

\ ® AT&T Registered Trademark

CRC 8000, 8001

The Memory Read Inhibit line can be used to delay the
Dial Pulse Output, If the Memory Read Inhibit line is
low (binary zero), the first digit entering the FIFO
memory initiates the dialing sequence. The digit is
transferred from the memory to a down counter that
generates the appropriate number of dial pulses. Inter-
nal timing produces the proper interdigit time between
pulse trains. If there is a pause in the binary data
input, the circuit generates an extra length interdigit
time in a manner identical to that created by arotary
dial.

A high level (binary one) Memory Read Inhibit prevents
the reading of the memory thereby causing a pause.
During this condition, existing data in the FIFO will
be stored until Memory Read Inhibit is released (low
level). When the inhibit line is changed from a low
level (binary zero) to a high level (binary one), a dial
pulse train in process will be completed before pausing.
Additional digit data may be input to the FIFO
memory as long as the 16 digit capacity is not exceeded.

The Busy output line is high when there is data in
memory or dial pulses are being generated.

The Reset input is a ‘‘Master Reset’”. If the Reset
input line is low, Busy is set to a low level and Dial
Pulse Out is set to a high level. The outputs will
remain in that state until a new digit is input to the
FIFO.

Technical Characteristics

MAXIMUM RATINGS
Non-operating voltages with no damage to device

Supply Voltage Vo . . Vgg - 8.0V
Supply Voitage Voo . . . Vgg-21.0v
Positive Voltage on any pin . Vgg +0.3V
Negative Voltage on any pin . Vgg - 20.0v

Power Disslpation at 25°C . . . . . . . . . . . 275mw
Vgg = +5.0V, ch =-12.0V

Operating Temperature Range [case) .

Storage Temperature Range (case)

eroex

. .0%to +70%
. -55°C to +150%

INTERNAL CLOCKS
DATA DAL
PULSE
0ATA2 DIALPULSE|  ouT
4x16FI1FO. OUTPUT
DATA 2 CONTROL
DATA 4 ————wnd{

COUNTER ACTIVE
DATA IN susY
MEMORY
| _{inTerDIGIT s
COUNTER

RESET . CLEAR ALL CIACUITS

INPUT
CONTROL

DIAL PULSE
OUTPUT
COUNTER

MEMORY READ
INHIBIT
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RECOMMENDED OPERATING CONDITIONS/ELECTRICAL
CHARACTERISTICS FOR 10pps OPERATION

Unless Otherwise Noted Vgg = +5.0V, Vgg = -12.0V, Vpp = 0.0V,
0°C < Ty < 70°C, and clock frequency = 2.0KHz + 5%

PARAMETER MIN TYP MAX UNITS CONDITIONS
Power Supplles
vV, Supply Voltage 4.75 5.0 5.25 v A\ = 0.0V
ss oo See Note 1

Vea Supply Voltage -13.0 -12.0 -11.0 v Vpp = 0.0V
Inputs
VIN(O) Loglcal **0" Input voltage -1.0 0.0 0.8
V,N(l) Logical *1" input voitage VSS'°'7 VSS’O‘Z v See Note 2
STV Input capacitance 10 pF Vin = Vgg - 1.0V
1nput Timing
1e Clock repetition rate 1.9 2.0 2.1 KHz See Note 3
'pc Clock duty cycle 45 50 55 % Applies to A
t' Input pulse rise time 40 500 ns all Inputs
t' Input pulse fall time 40 500 ns Including clock
‘LH Load pulse width **High* 1.9 ms See
W Load pulse width “Low" 0.1 ms LTlming
'dl Data set-up time 0.5 ms Diagram
tq2 Data hold time 175 ms
‘ML' Memory Read Inhibit stable

time retative to Load 650 ms See Note 4
tmop Memory Read Inhibit stable

time relative to Dlal Pulse Out 650 ms See Note 4

- ta Reset pulse width 1.0 Ms
NOTES 2. All inputs of CRC 8000 have *‘on chip’ 3200 +30% ohm pull-

up resistor to Vgg and are suitable for being driven by TTL.
All inputs of CRC 8001 have a high impedance input (no pull-

1. Other supply parameters are permissible including Vgg = 0.0V, up resistor) and are suitable for interface with MOS devices.
Vpp = -6V, and Vgg = -12V. Input/output parameters will
be adjusted accordingly. 3. For 20pps operation, a 4.0 KHz is clock required. If the clock
Min. Typical Max. has a 5% tolerance, the operating specification can be derived
Vi (0) 7.0 6.0 5.2 from the above table. ~All Par.ameters will remaip the same
v}n (1) o7 0.0 ‘0.2 except for the following timing parameters which will be
in reduced by one half: tLHs tLLs td2s tML, tMDP> tDPDs tDPs
Vout (0) 0.0 0.0 -5.6 tDPL, tDPH, tID- Similarly, a 10 KHZ clock could be used,
Vout (1) -2.6 0.0 0.0 producing a 50pps output rate.
PARAMETER MIN TYP MAX UNITS CONDITIONS
Outputs
Vout(0) Loglcal #0™ output voitage 0.4 v lsink = 1.6 mA
t'(ouk) Output fall time 500 ns 90% to 10%
Vout“) Loglcal ¥1'* output voltage 2.4 v lmume =0,1 mA
t'(nut) Qutput rise time 400 ns 10% to 90%
Output Timing
‘DPD Dlal Puise Out Delay 700 900 ms
top Dlal Putse Period 95 100 105 ms See Note 3
topL DIlal Pulse Width “Low" 57 60 63 ms and Timing
topH Dial Pulse Width “High™ 38 40 42 ms Dlagram
Yo Dlal Pulse Interdigit Time €50 740 ms
thy Busy Low/High Delay 2.1 ms
=Ew tha Busy High/Low Delay 10 Ms
8 § Power »
w >
w = Po Power Dissipation 125 275 mw
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. To prevent a dial pulse train from being output, Memory Read Memory Read Inhibit must be stable 650ms after the load

Inhibit must be stable prior to initiating that pulse train. This pulse was initiated;(2) If a pulse train is in process, to prevent
stabilization point is specified for two cases: (1) If no pulse the next pulse train from being output, Memory Read Inhibit
trains are presently in process (e.g., the device has been reset), must be stable 650ms after the interdigit time was initiated.

Packaging and Ordering Information
BINARY TO DIAL PULSE DIALER (CRC8000-1-3)
AN 007 0003 PIN ASSIGNMENTS The Binary to Dial Pulse Dialer is available in a 16-pin

4 1 v hermetically sealed ceramic dual-in-line package (see pin
i = 'ﬁgsr: @ assignments and package dimension diagram). Order by

2
T i
5 nAu(n type numbers.
3
7
[

y
I oAt PoLse ouT CRC 8000-1-3 (ceramic DIP) 765-1892-001
: o CRC 8001-1-3 (ceramic DIP) 765-5841-001
[ LEADS 0.100 19 Vpp
E T0¢ 11 MEMORY READ INHIBIT
[ LOAD
13 CLoCK
14 TESTOUT®
15 TESTIN™
16 RESET

“PIN 14 1S AN DUTPUT CLOCK RUNNING AT A
1 FREQUENCY OF (PIN 13 + 200)Kz. THE PERIOD
1 15 6U% BREAK/A0% MAKE.
0.280 “*PIN 15 MUST BE GROUNDED (Vo) DURING
MAX CIRCUIT OPERATION.

{=—0.300 NOM

THICKNESS: 2074
o8

| 0010
NOM
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CRC 8030
Rev. 5/78

ON Rociven

MOS/LSI TELECOMMUNICATIONS DEVICES

DATA SHEET

Dual Tone Multi-Frequency Detector

Digital range filter detects all 16 Touch Tone® signal
combinations

Detects a tone pair in 22 ms to 39 ms

Digital logic impervious to frequency or bandwidth
drift caused by time, temperature, or voltage
Automatic internal reset when no tones are present
Variable pulsewidth Strobe output provides increased
talk-off protection

Binary or 2-of-8 coded outputs option

.Inputs/ou tputs can be left floating when not used
Single or dual power supply option

On-chip oscillator — 3.579545 MHz color-burst crystal

Central-office-quality detection

Excellent talk-off protection — As little as one hit on
Mitel test tape (CM 7290)

DTMF Signaling and Receivers

Dual-Tone Multi-Frequency (DTMF) or Touch-Tone®
signaling has made telephone communication faster,
more efficient and more convenient than dial pulse
signaling. Touch-Tone® telephone instruments or auto-
matic dialers generate a tone pair representing the
‘“dialed” number and send them over the lines to a
receiver which detects the tones and reliably identifies
the number. DTMF signals are defined by a 4 x 4 audio

1
\
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‘|109 HZ 1336 HZ 1477 HZ 1633 KZ.
v

HIGH-GROUP
FREQUENCIES

tone matrix as illustrated in figure 1. Each digit is repre-
sented by one tone from the low-group and one tone
from the high-group. These non-harmonically related
frequencies protect the message against false-keying by
stray signals and voice-generated tones.

A DTMF receiver must recognize the dual tones within
a certain bandwidth while tolerating dial tone, noise,
input amplitude variation and ‘*‘twist’’ or amplitude
differential between the two tones. In addition, the
receiver has to comply with timing restrictions imposed
by the DTMF generation process and meet other specific
requirements of the particular application.

CRC 8030 General Description

The CRC 8030 provides alow-cost and high-performance
solution for DTMF detection. Utilizing a unique digital
filter algorithm, the patented* CRC 8030 performs
the key critical functions of a DTMF receiver. When
used in conjunction with a front-end band-split
filter/limiter, the CRC 8030 implements a complete
DTMF receiver (figure 2). This design approach pro-
vides the optimum technological benefits of analog and
digital design techniques.

HIGH-GROUP.
LOW-GROUP

DTME ANALOG

FILTER/
SIGNAL LIMITER

MOS/LSI
CRC 8030

DECODED
——> outhuts

) ® ; ) 21477-8
Figure 1. Touch Tone™~ Pad (Dual Tone Multi-Frequency
e Signaling)

® Registered trademark of AT&T

v . — 214779
Figure 2. DTMF Receiver Utilizing CRC 8030

* .S, Patent No. 1016371

10399318 Aouanbaig-13ny auoj |enqg




The exact requirements for the front-end filter/limiter
vary with the particular receiver application. For
example, high quality central office receivers require
a more selective front-end filter. Conversely, low-noise
environment keyphone systems can use a less stringent
front-end filter design.

DTMF receivers historically have been implemented
with all-analog filtering techniques, i.e., phase-locked
loops, LC filters and active filters. Compared to a
phase-locked-loop receiver, the CRC 8030 provides
much superior performance. Compared to LC or active
filter receivers, the CRC 8030 can be manufactured for
a significantly lower cost while providing improved
performance. The CRC 8030 provides the economy,
performance, size and reliability benefits of digital

MOS/LSI. The CRC 8030 is packaged in a 28-pin DIP.

Applications

The CRC 8030 can be applied to all systems requiring
DTMF detection. This includes the traditional tele-
phony systems: keyphone, PABX, central office, inter-
com and mobile radio communications. Other applica-
tions include computer signaling and control systems.
Where it is necessary to interface with a dial pulse
system, the CRC 8030 and the CRC 8000 (a Binary-to-
Dial-Pulse Dialer) implement a DTMPF-to-dial-pulse
conversion system.

The CRC 8030 has been functionally designed to pro-
vide optimum performance for a wide variety of DTMF
detection applications.

Operation

The CRC 8030 is a DTMF detector implemented with
PMOS ion-implantation processing. This detector
accepts group-filtered and square-shaped DTMF fre-
quencies and converts them to binary data or 2-of-8
coded data in 22 ms to 39 ms; out-of-tolerance fre-
quencies are rejected. The device ignores the first few
pulses of the input signal in order to prevent errorsin
detection due to the transients from the Touch-Tone®
pad. The signal is then analyzed several times by a
digital range filter prior to being accepted as valid. As
soon as the range filter has recognized a frequency
below 1680 Hz, the Audio Detect (AUD) output is
enabled. This output provides the user with a signal for
controlling the limiter gain at the receiver front-end. A
Strobe (ST) output indicates when the output data are
valid.

Once a digit is accepted as valid, the CRC 8030 will
ignore any change in tone frequency until either the
high-group or low-group tone disappears for more than
10 ms. When this occurs, the device is reset internally
and will be ready to accept another Touch-Tone®
digit. This feature provides immunity to frequency
drift that could be caused by Doppler shift. Should a
frequency in either the high- or low-group disappear
for less than 10 ms, the gap is bridged resulting in only
one digit.

A block diagram of the CRC 8030 is shown in figure 3.
The functions include timebase generation, wave shap-
ing circuitry, range counters with correlation circuitry,
and the output timing and decoding functions.

Vss Vop VoG 1633 Hz DISABLE (N16)
S U S S T
| STROBE
CONTROL (SC)
Fye el wave »| RANGE CORRELATION <—|; BINARY OUTPUT
H SHAPING COUNTER > FUNCTION ™ SELECT (BIN)
‘ 4—1— OUTPUT HOLD (HLD)
TEST | ﬁ—» AUDI0 DETECT (AUD)
ENABLE {TE)
i l —]-— SILENCE RESET (SIL)
X1
_L—I TIMING AND —I’ STROBE (ST)
xi O], | TIMEBASE DECODING [ 4959,
T2 | 1336 Hz
3579545 MHz1 HIGH-GROUP
TEST l 1477 H2 OUTPUTS
QUTPUT (X0) 1633 Hz
I 01/697 Hzl,
| - WAVE RANGE CORRELATION D2/770 Hz
fL SHAPING COUNTER [ ™| FUNCTION [ ™] 04/852 He (IB?J‘QJ'»’(EJF}(;UP
—
I | osiserme |
CHIP INHIBIT (INH) 32 c6

Figure 3. CRC 8030 Block Diagram.
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Technical Characteristics

Maximum Ratings: Non-operating voltages with no
damage to device —

Supply Voltage Vpp. ... ..o oo Vgg -8.0V -
Supply Voltage Vgg. .. .o oo oot Vgs -21.0V
Positive Voltage on any pin. .. ........ Vgg +0.3V
Negative Voltageonany pin.......... Vss -20.0v
Power Dissipation (0°C < Ty < 70°C). ..... 200 mW
Operating Temperature Range (case). . . .09 to +70°C*

Storage Temperature Range (case) . . -65°C to +150°C

*An extended temperature range device will be avail-
able in the future.

Inputs and Outputs

The inputs and outputs are illustrated in figure 3 and
are described below with a positive logic convention
assumed. However, the operation is defined such that
when a 2-of-8 output format is chosen, the Strobe and
the low-group outputs display data with a negative
logic convention. The high-group outputs always dis-
play data in a negative logic convention. Detailed timing
is shown in the timing diagram, figure 4.

Inputs

Logic levels are MOS compatible. Inputs BIN, INH,

HLD, SC, N16, and TE have on-chip active pull-up

devices to Vgg with a minimum of 50 KQ resistance;

therefore, no connection is required to these pins if a

high-level input is desired.

e High- and low-group DTMF signals (FL, FH) — These
are the filtered and square-shaped DTMF tones. When
no signal is present, both input levels should be low
(most negative level).

e Binary Output Select (BIN) — If this input is low
(most negative level), the decoded outputs are dis-
played in a binary format and Strobe (ST) pulses
from a normally low state to a high state (figure 4).
If this input is high or open, the decoded outputs
are displayed in a 2-of-8 code and Strobe pulses
from a normally high state to a low state.

e Chip Inhibit (INH) — If this input is low, the device
is inhibited from decoding any DTMF tones. When
decoding binary, the outputs stay low. When decod-
ing 2-of-8, the outputs stay high. If this input is high
or open, the outputs function normally. Chip Inhibit
is also a master reset except for the output data
registers when Output Hold is low.

e Output Hold (HLD) — If this input is low, the output
data, if valid, are stored in the output registers. If
the input is high or open, the outputs will function
normally.

e Strobe Control (SC) — This input controls the pulse-

width of the Strobe (ST) output.
When Strobe Control is high or open, the signal is
analyzed for the full 39 ms data acquisition (tpa1,
Long Strobe) period. If the input tone-pair is
detected within 22 ms, then the Strobe (ST) output
pulsewidth is at a maximum of 17 ms. If detection
takes more than 22 ms, the Strobe pulsewidth is
reduced by the extra time needed for detection. If
the signal is detected after the 39 ms period, no
Strobe pulse will occur.

When Strobe Control is low, the input signal is
analyzed for a 33 ms period (tpp2, Short Strobe).
If the tone is detected within 25 ms after its incep-
tion, then the Strobe pulsewidth is 8 ms. If detec-
tion occurs after 25 ms, then the Strobe pulsewidth
is reduced by the lag time. If no signal is detected
within the 33 ms period, no Strobe pulse will occur.
When a Short Strobe is selected, a higher quality
input signal must be present in order to be accepted
as a valid signal. Thus, voice or noise signals on the
telephone line, which require a longer detection
time, will be ignored by the chip. As a result, the
device has a higher immunity to false-keying when
Strobe Control is low.

In either case, the tone pair may be detected, but
the Strobe signal may not necessarily be generated,
depending on the quality of the input tone-pair.

* 1633 Hz Disable (N16) — If this input is low, the

device will not respond to the 1633 Hz tone, thus
improving the talk-off rate. If this input is high or
open, the device will respond to the 1633 Hz tone.

e Clock Inputs and Control (X1, X2, TE) — The

CRC 8030 contains an on-chip oscillator for a
3.57954 MHz parallel resonant crystal. This crystal is
connected to X1 and X2 and TE is held high or left
open. As an option, an external 447.443 kHz oscil-
lator can be used to clock the CRC 8030. In this
case, X1 is the 447.443 kHz clock input, X2 is left
open, and TE is held low. For some applications (e.g.,
using several CRC 8030 devices on a board), it is pos-
sible to drive the chip with an external 3.579545-
MHz clock at pin X2, while leaving the TE pin open, and
tying pin X1 to VSS.

Outputs

All outputs feature open-drain devices. With a single-
power supply (Vgg = Vpp), they will drive LPTTL,
MOS or CMOS inputs. With a dual power supply, they
will drive the base of a transistor. The open-drain out-
put devices must be tied through a pull-down resistor
to a negative voltage between Vpp and VGG (when used);
the value of this resistor depends upon the type of interface.
Typically:

Resistor Interface
1.5KQ LPTTL

10.0KQ ‘ MOS or CMOS
7.5KQ Base of a Transistor

These outputs can also drive LEDs. For more design
details, consult the Collins Application Note,
“CRC 8030 Telephone DTMF Receiver”.

e Decoded Outputs (D1/697 Hz, D2/770 Hz, D4/852
Hz, D8/941 Hz, 1209 Hz, 1336 Hz, 1477 Hz,
1633 Hz) — These outputs display decoded infor-
mation in either a binary or a 2-of-8-coded format
as described below.

When a 2-of-8 format is selected (BIN input is held
high or left open), all 8 outputs are utilized. When a
particular digit is decoded, the corresponding high-
and low-group outputs go low (figure 1). For




RECOMMENDED OPERATING CONDITIONS/ELECTRICAL CHARACTERISTICS
Unless Otherwise Noted Vgg = +5.0V, Vg =-8.0V, Vpp = 0.0V
00C < T4 < 700C
Positive Logic
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
Power Supplies
Vgs +4.75 +5 +5.25 v
Vea -13.0 -8.0 Voo \4
Voo 0
Inputs
VIN(O) Logical 0" input voltage -13.0 -8.0 Vgg-4.0 v
Vin{1}  Logical “1” input voltage Vgg-0.7 Vggt0.2 \
RIN Input impedance 50 kQ
Cin Input capacitance 10.0 pPF Vin = VSS—I.OV
t &ty Input voltage rise or fall time 15.0 MuS Voltage swing 10% to 90% of final leve!
Input Timing
F1 Clock Crystal Frequency 3.579545 MHz +0.005%
Fq Optional Clock Frequency 447.443 KHz £0.005%
o] Clock duty cycle 45 50 55 % Optional Clock
t, Input clock pulse rise time 40 200 ns 10% to 90% of final level Optional
t tnput clock pulse fall time 40 200 ns 90% to 10% of final level Clock
Detected Frequencies Low Group 697 Hz
770 Hz
852 H )
941 Hz Bandwidth range:
. . . -1.9to -3.2%
Det d F High 1209 Hi
etected Frequencies Hig Grou}p 12 H: +2010 $33%
1477 Hz
. 1633 Hz
10C Input signal {FL or FH) duty cycle 30 50 70 %
Outputs*
Vour!(0) Logical 0" output voltage VGG * RL lsink
t{OUT)  OQutput fall time 22RLCL
VourT!1) Logical "1 output voltage Vgg-0.4 v ISOURCE = 20 mA
t{OUT) Output rise time 4 us 10% to 90% of final level {with 30 pF load}
Output Timing
tsp Silence Period . 94 10 106 ms
R Silence Pulsewidth 1.0 1.1 1.2 ms
DAl Data Acquisition Time Option 1 22 39 ms
tDA2 Data Acquisition Time Option 2 25 33 ms
tAuD Audio Detection Time ‘15 5 8 ms
ty Output Hold Set-up Time 10 MS
HNH Chip Inhibit Pulsewidth 2 us
[ Clock 2 kHz
Cig Clock 16 kHz 01 %
C3o Clock 32 kHz
tgq Strobe Pulsewidth Option 1 (4] 17 ms
52 Strobe Pulsewidth Option 2 [¢] 8 ms
Power
Pp1 Power Dissipation (Dual Power Supply) 200 mwW Vgg = 5.25V; VGG =-13Vv
Po2 Power Dissipation (Single Power Supply) 180 mw Vgs =5.25ViVgg = Vpp = OV
*For a full description of the output butfer capabilities, refer to the CRC 8030 Application Note.
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Outputs {continued)

example, for digit 1, D1/697 Hz and 1209 Hz out-
puts will go low when detected. All other outputs
remain high.

When the binary format is selected ( BIN input is held
low), the high-group outputs operate as described
above. The low-group outputs (D1/697 Hz, D2/770
Hz, D4/852 Hz and D8/941 Hz) provide the binary
coded information. These binary outputs are nor-
mally low and go high when a tone is detected. The
outputs are defined by the above matrix:

e Strobe (ST) — This output indicates when the out-
put data are valid. Validity is defined as detection
within 39 ms or 33 ms depending upon the level of
Strobe Control. For a description of the operation,
refer to the inputs BIN and SC and figure 4.

¢ Silence Reset (SIL) — This output pulses to a low level
when silence is detected. This occurs 9 ms after the
interruption of a signal on either high- or low-group
inputs. This output can be used to reset any external
logic or to exercise the Output Hold option. The chip
will reset itself after the Silence Reset output returns
to a high level. Silence reset pulses at 10 ms intervals
until a signal is present on either Fy, or Fy.

e Audio Detect (AUD) — Audio is defined as energy
carried by any frequency lower than 1680 Hz. AUD
remains low when both FL and FH are low; AUD
will go high if either FL or FH is toggling and will
return to a low level as soon as Silence Reset returns
from a low to a high level. This output may be used
to control the agmissible level in the Front-End cir-
cuitry (off-chip) or to give advance notice of a
tone-pair.

* Test Output (X0) — When using the 3.579545 MHz
crystal on-chip oscillator, X0 will display a 447.443
kHz clock. If the 447.443 kHz external oscillator
option is utilized, X0 will display a 55.930 kHz
clock. The X0 output frequency will be the X1 input
frequency divided by 8.

® Clock Outputs (C2, C16, C32) — These outputs
will generate 2 kHz, 16 kHz and 32 kHz clocks,
respectively. :

DTMF Receiver Design

The CRC 8030, in conjunction with a front-end analog
filter/limiter, implements a complete DTMF receiver.

Touch-Tone® Matrix: Binary Outputs
1209 1336 1477 1633
D1 D2 D4 D8 D1 D2 D4 D8 D1 D2 D4 D8 D1 D2 D4 D8
697 1 0 0 © 0 1 o0 0 1 1 0 0 1 0 1 1
170 0 0 1 0 10 1 0 0 1 1 0 0 1 1 1
852 1 1 1 0 0 0 0 1 1 0 0 1 1 1 1 1
941 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0
21477-13

Figure 2 illustrates this design. With this approach, a
central-office-quality receiver with the following speci-
fication can be implemented:

e Input Dynamic Range........ -26 dBm to +6 dBm
o Twist. ... ... i -8dB to +4 dB
e Valid Tone Tolerance . ..................*t1.5%
e Invalid Tone Reject Limit. . ..............+3.5%

* Tone Burst (minimum) .. .40 ms ON, 11 ms OFF at
. 12 bursts per second

Inasmuch as the front-end filter is an essential part of
the total receiver, its characteristics have a major impact
on the performance of the system. For example, for
high-quality central-office receivers, a more selective
front-end filter is required. Conversely, low-noise
environment keyphone systems will .operate with a
less stringent front-end filter design. In view of the
differences in specifications for DTMF receivers, the
front-end design must be tailored for the particular
application. Several manufacturers have off-the-shelf
hybrid products which meet these filtering require-
ments. For more details concerning these design con-
siderations, refer to the Collins ‘“‘Application Note —
CRC 8030 Telephone DTMF Receiver”.

For specialized applications, the CRC 8030 has several
mask programmable features. The parameters that can
be programmed include the bandwidth, detection time,
strobe time, silence time, and output decode format.
Contact Collins Applications Engineering for details.

Packaging and Ordering Information

The DTMF Detector is available in a 28-pin, hermetic-
ally sealed ceramic dual-in-line package and in a 28-lead
ceramic chip carrier (see pin assignments and package

~ dimension diagrams). Order by type number.

CRC 8030-1-3 (ceramic DIP) . . . . 765-5795-001
CRC 8030-4-3 (ceramic carrier) . . . 765-5795-003

For further information on Rockwell MOS/LSI Standard
Products, call your local Rockwell Sales office or:

MOS/LSI Marketing
Rockwell International
Microelectronic Devices
3310 Miraloma Avenue
Anaheim, California 92803
Telephone (714) 632-2558
TWX 910-591-1698



DTMF DETECTOR (CRC 8030-1-3) DTMF DETECTOR (CRC 8030-4-3)
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PIN PIN

NO. FUNCTION NO. FUNCTION
1 Vss 15 1209 HZ
2 1633HZ 16 HLD
3 Sit 17 sC
4 INH 18 Vpp
5 c2 19 D4/852 HZ
6 Ci6 20 D8/941 HZ
1 €32 21 ST
8 X2 22 D2/770HZ
9 V66 23 BIN
10 X1 24 FL
1 TE 25 FH
12 X0 26 D1/637 HZ

13 AUD 27 1477 HZ
14 1336 HZ 28 N16

PINS ARE READ COUNTERCLOCKWISE

PIN PIN

NO. FUNCTION NO. FUNCTION
1 Vss 15 1209 HZ
2 1633HZ 16 HLD
3 SIL 17 sC
4 INH 18 Vpp
5 c2 19 04/852 HZ
6 C16 20 D8/941 HZ
7 €32 21 ST
8 X2 22 D2/170 HZ
9 vgg 23 BIN

10 X1 24 FL

" TE 25 FH

12 X0 26 D1/697 HZ

13 AUD 2] 1477 HZ
14 1336 HZ 28 N16
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NOTE: Collins MOS/LSI Products is now a part of Microelectronic Devices, Rockwell International.




$301A30

[CTMERETE




DOCUMENT NO. R8040D PART NUMBER
REV. 1, AUGUST 1979 R8040

(Y RN MOS/SI TELECOMMUNICATIONS DEVICES
o DATA SHEET

T-1 TRI-PORT MEMORY

OVERVIEW FEATURES

The Tri-Port Memory circuit is designed to function as an assem- ® 64 x 8 bit static memory
bly point and temporary storage area for 8-bit T-1 data. It provides

64 8-bit locations of on-chip random access memory which can be ® Single +5V supply
accessed via external or i | ial addressing.

® Two totally independent read ports
TRI-PORT MEMORY OPERATION

® Muitiple Read access time <430 ns (worst case)
The Tri-Port Memory device accepts 8-bit parallel input data on

lines A through H. This data is stored in an internal memory . random- or i Write op
location that is selected hy either random address lines RO1

through R32 or by the device's Sequential Address Counter. ® On-chip sequential address counter

Write Select signal WSEL determines the source of the address;

in the logic O state, WSEL selects the random address, in the ® Tri-state drivers, for chip-selectable bus operation

logic 1 state, WSEL selects the internal sequential address.
— @ 40-pin plastic dual in-line package
The state of Write Enable signal WE determines whether or not the
data on lines A through H will be written into memory. Data will ® LSTTL Schottky-compatible (12K Q pullup, to drive CMOS)
only be written into memory when WE goes low (to a logic O
state) and the add inputs have

The on-chip, six-bit Sequential Address Counter is a binary counter
that increments on each positive transition of Sequential Clock
(SCLK). When the Counter attains binary 111111, the next
positive transition on SCLK will clear it to binary 000000. The
Counter will also be cleared unconditionally if Reset signalm

(0Y08H) AHOWIIN LHOd-1HL L-L

has been set to logic 0 when the positive transition of SCLK RO4 CJ1m 4033 Ro2
occurs. RO8 [J2 39 b RO1
_ R16 3 383 AST
The Sequential Read Enable signal, SRE, enables sequentially- R32 Ja 373 scLk
addressed read operations. If SRE is logic O, the sequential WSELCS 36EAN.C.
accessed data outputs {SA through SH) will become valid within WE s 353 voo
430 ns after the next positive transition on SCLK. If SRE is AH 7 34[JN.C.*
logic 1, and 350 ns have elapsed since the positive transition of RG (s 333 sH
SCLK, the sequential accessed data Outputs will become valid GND &9 3283 s6
80 ns after the negative transition of SRE. The Sequential Read RF I; 10 313 sF
Data will&ase to be valid within 100 ns after the positive tran- RE [ 303 s
sition of SRE, or within 340 ns after the negative transition of RD (J12 20 sD
WE (in the case of a same-location read/write cycle), or within RC 13 283 sc
430 ns after the next positive transition of SCLK. RB g 14 273 s
— RA [J15 26 JsA
The Random Read Enable signal, RRE, enables random-accessed RAE e 25[15RE
read operations. If RRE is logic O, the random accessed data A [ R4 2438
outputs (RA through RH) will become valid Mn 380 ns after c 18 2330
the random address lines have stabilized. 1f*RRE is logic 1, and E 19 223 F
300 ns have elapsed since the random address lines have stabi- G a 20 21w
lized, the random accessed data outputs will become valid 80 ns
after the negative transition of RRE. The random accessed data *PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY TO
outputs cease to be valid after a positive transﬁon of RRE, or ROCKWELL TESTING, MAKE NO CONNECTION TO THIS
within 340 ns after the negative transition of WE (in the case of PIN,
a same-location read/write cycle) or within 380 ns after the
random address input lines change. Pin Configuration
Rockwell International Corporation 1979 Specifications subject to
Al Rights Reserved change without notice

Printed in U.S.A.
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— READ PORT
_WE
’ 1
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L
1OF 64
WRITE W08
\_WSEL =] WRITE ¢ 512BIT
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Tri-Port Memory Block Diagram

RANDOM READ

Ranoom ~ T T

{R01-R32)
ANDOM -
OUTPUT DATA /i1 1/l
(RARH) 380 ns (tRA) 20ns
n:
MnI:Xt. —*1 [*—MIN. HOLD

RANDOM WRITE
DATA __ I/l /i

(A-H) 150 ns—>| —-—
MAX. (ws)| __ | 100 ns MIN. (tWH)
RANDOM ]
aooress __JI//]]
{RO1-R32)
WE |

=1 250 ns MAX, [=t——

OUTFUT DATA il J//f

{RA-RH)

340 ns
MAX.




SEQUENTIAL READ

SCLK | I

SEQ. -
i i
:::)zs — L— 20 ns

MIN. HOLD

SEQUENTIAL WRITE

" 300 ns MIN.

we

WE R [
MAX 150 ns !
(st | |<— 100 ns MIN {2y}
WRITE
DATA N / N ”Hx
(A-H)

SEQ. READ

e NI

340 ns
MAX. — >

READ PORT ENABLES (tPE/tPD)

ARE/SAE -
80 ns 100
> MAX. m A):’
! itpp)

RANDOM READ DATA/
SEQUENTIAL READ DATA ——( VALID READ DATA

SEQUENTIAL COUNTER RESET

SCLK \ /

g
S

= F"‘__J

(tRS)

je— 0 ns MIN.
(tRH)




WRITE ENABLE AND WRITE SELECT TIMING

SCLK

S (N Y N S |

we |- LI

T wez - f=—"twp

J7 TTTTTTT77X__XTTT77777777X_ XI7777777
—l-" I'-—-'ws — I‘—'wu

WSEL SEQ. READ \ RAN. READ ’

tsS —m — fs— 'sH
Timing Characteristics

Parameter Symbol Min Typ Max Unit
Random Read Access Time 1RA 380 ns
Sequential Read Access Time tSA 430 ns
Random Read Address Setup Time tAS 380 ns
Read Port Disable (to Hi Z2) tpp 100 ns
Read Port Enable tPE 80 ns
WE Pulse Width twp 170 300 ns
WE Pulse Delay tWE1 300 ns
WE Pulse Setup twe2 0 ns
SCLK Pulse Width tsp 220 325 ns
SCLK Frequency f 1.544 MHz
Write Data Setup Time ws 150 ns
Write Data Hold Time twH 100 . ns
Write Select Setup Time tss 280 ns
Write Select Hold Time tSH 0 ns
RST Setup Time tRS 180 ns
RST Hold Time tRH 0 ns




SPECIFICATIONS

Maximam Ratings

Rating Symbol Voltage Unit
Supply Voltage VDD +4.75 to +5.25 \Y%
Operating Temperature Range TOP 0to70 OC
Storage Temperature Range. TSTG -55 to +150 °c

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent unnecessary applica-
tion of voltage outside the specification range.

Electrical Characteristics

(Vpp= +6V 5%, V=0V T,=25°C)

Characteristic Symbol Min ’ Max ’ Unit
Input Logic ‘1"’ Voltage VIH 2.0 \"
Input Logic ‘0" Voltage V“_ 08 \"
Output Logic ““1** Voltage VOH 24 \"
Output Logic 0" Voltage VOL 0.4 \"
Output Source Current 'OH -100 KA
Output Sink Current IOL 400 BA
Input Capacitance Cl 5 pF
Output Capacitance co 25 pF
Power Dissipation {at 25°C) Poss 300 . mwW

10° MAX
a0 \ \ 21 {
DOT OR NOTCH
TO LOCATE 0.600 Max| | (15.87) 0.625
PINNO.1  —»f (1s.2amm} | (15:91) o895

N

0.155 MAX
(3.93 MM)
2.020 MAX
(51.30 MM) 0.190 MAX
(4.82 MM)
1y {
0.310 MAX
] (7.87 MM)
(1.65) 0.065
TYP. 0.100 MIN
1.01) 0.040 9.100 MIN
fron (2.54 MM)
(0.55) 0.022 T
(0.45) 0.018 . 0.010 MIN
(0.25 MM)

1.910 (48.51 MM)
1.890 (48.00 MM)

19 EQUAL SPACES
0.100 ¢ TOL NONCUM.
(2.54 MM)

NOTE: Pin No. 1isin lower left corner when
symbolization is in normal orientation

Packaging Diagram



SPECIFICATIONS

Maximam Ratings

Rating Symbol . Voltage Unit
Supply Voltage VDD +4.75 to +5.25 v
Operating Temperature Range TOP 0to 70 °c
Storage Temperature Range TSTG -65 to +150 °c

All inputs contain protection circuitry to prevent damage due to high static charges. Care shoald be exercised to prevent unnecessary applica-
tion of voltage outside the specification range. *

Electrical Characteristics
= = = 0,
(VDD— +5V 6%, V ov TA 25°C)

SS
Characteristic Symbol Min Max Unit
Input Logic **1** Voltage VIH 20 v
Input Logic ‘0" Voltage V“_ 0.8 . v
Output Logic ‘1'" Voltage VOH 24 ) A
Output Logic ‘0" Voltage VOL 0.4 \"
Output Source Current IOH -100 A
Output Sink Current IOL 400 MA
input Capacitance CI 5 pF
Output Capacitance ; Co 25 pF
s )
Power Dissipation (at 25" C) PDSS 300 mwW
10° MAX
. 40 A\ 21 l

DOT OR NOTCH .

TO LOCATE b 0.600 Max| |(15.87) 0.625

PIN NO. 1 — (15.24 MM) (16.11) 0.595

S

0.155 MAX
(3.93 MM)
2.020 MAX
e— —]
(51.30 MM) 0.190 MAX
(4.82 MM)

|

1\
1T 0.310 MAX
’ _":F (7.87 MM)

o
tron ooa0 ™Y L s o
' ' (2.54 MM)
(0.55) 0.022 A
YP.
(0.45) 0.018 TYE ~——0.010 MIN
(0.25 MM)

1910 (48.51 MM)
1.890 (48.00 MM)

19 EQUAL SPACES
0.100 G TOL NONCUM.
{2.54 MM)

NOTE: Pin No. 1isin lower left corner when
symbolization is in normal orientation

Packaging Diagram
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APRIL 1979 R8050

MOS/LSI TELECOMMUNICATIONS DEVICES
DATA SHEET

T-1 SERIAL TRANSMITTER

GENERAL DESCRIPTION B70PTN 1@ 28} INH
TEST 2 2718I1T3
The Rockwell T-1 Serial Transmitter formats data to be serially FRSYNC3 26 3 CHCLK
transmitted according to T-1 D2 or T-1 D3 specifications, inserting SBIT —a 251 B1T4
framing and signalling bits along with 24 channels of 8-bit channel ccis s 2af3BIT2
data, The T-1 Serial Transmitter also provides for alarm reporting ssTB —1s 23[8i1TS
via the Bit 2 inhibit method or, with minimal external logic, via UNPLRACT]? 22f081T1
the multiframe alignment signal (Fg} modification. UNPLRB 8 21381T6
GND ]9 2018177
Figure 1 is a functional block diagram of the T-1 Serial Trans- BirouT 10 19 voo
mitter. The Mod 193 counter is driven by the clock at 1.5644 MHz synouTC] 11 1s8[DcLock
and is either synchronized to the driving system by input signal Loor (Ji2 173 ALARM
SYNCI!\I or provides syncr?ronizahon \fia o.u(put signal SYNOUT. syncin =13 16oBIT8
Input signal FRSYNC applies synchronization to a Mod 12 counter, 8CH fn PP 151 acH
which identifies the frame of the 12-frame multiframe being
processed. Pin Configuration
The input data register latches data during each bit period, when FEATURES
the 8th bit of a channel sample is being transmitted. The data
selector outputs the proper sequence of bits, as controlled by a o Single 5V supply, low power Schottky TTL compatible

bit count and frame count.
® Accepts 8 bits of parallel data as input
The zero channel monitor function causes Bit 8 or Bit 7 (as

H3LIINSNVYHL TVI43S L-1

selected by B70PTN) to be transmitted as a “‘one’ if the channel e Generates output as 193 bit serial data stream in T-1, D2
data sample is all “‘zeros” for any frame except signalling frame or T-1, D3 data format
(Frame 6 or 12). Input INH provides a means to inhibit the zero
channel monitor function. ® Provides a channel and frame timing signal.
Two types of transmit formats are provided, a binary output and ® Provides alternate control for alarm reporting and signalling
a paired unipolar output. The unipolar pair provides a means to
externally create a single bipolar output with minimal logic. e Provides automatic bit insertion for all zero channel samples.
FRSYNC
KF
SYNCIND BITCNTR FRAME I
cLoex) MOD 193 CNTR.
45 VOC >
i 4 SYNouT
GND)>—> | Ny
Y > ssTB
BITY X
BIT2
BIT3
BIT4
8ITS y
BITE cLock
ore 5 \‘\" o—{ qureur [ BiNOUT
BITS 2 DATA. \1\ REG. |—> UNPLRA
AL H " SELECTOR [ uneure
BCH
BI0PTN
ccis
s8It
INH 0
OR
LOOP )
\ Figure 1. T-1 Serial Transmitter
Rockwell International Corporation 1979 Specifications subject to
All Rights Reserved change without notice
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T-1 Transmitter Inputs

Any input £0.8V = logic 0, low. Any input 22.0V = logic 1, high.
The transition from a low level to a high level is called a rising edge,
while the converse is defined as a falling edge.

FRSYNC: Frame Synchronization

Frame sync allows the user to force the frame counter to the frame
count of 1. (The first frame of a possible 12.) When high, FRSYNC
directly sets the frame count to be frame 1. 1f FRSYNC does not
return to zero before the rising edge of CLOCK, BINOUT, UNPLRA
are transmitted high and UNPLRB is transmitted low. Refer to Figure 6
and Figure 7.

SYNCIN: Synchronization input

Provides 8 means to directly reset the Mod 193 bit counter to a bit
position corresponding to the first bit of channel 1. The high level
causes the reset. The first bit of channel 1 will be transmitted fol-
lowing the release of SYNCIN.

TEST: Rockwell Device Test Input

Used only for Rockwell device testing. Keep this input grounded.

CLOCK: T-1 Clock

Maximum frequency = 1.6 MHz
Minimum pulse width = 275 ns
The T-1 bit period is bounded by the rising edges of this input.

INH: Inhibit Zero Channel Monitor

if INH is high, the zero channel monitor function is disabled, and
Bits 7 and 8 are transmitted per corresponding inputs received. See
Table 1.

For any frame except a signalling frame (Frame 6 or 12) Bit 8 or.Bit 7
as selected by B7OPTN will be transmitted as a “one’’ if the channel
input data is “’zero’’ and INH is low.

BITS 1-8: Parallel Channel Data Inputs

Bit 1, the sign bit, will be serially transmitted first, followed by Bits 2
through 8. The falling edge of CHCLKF indicates input channel data
has been clocked into the input register and always occurs during the
transmission of the final bit (Bit 8) of each channel data sample.

ACH: A’ Channel Highway Signalling

ACH allows the user to transmit a one bit of signalling per channel as
Bit B8 of each channel data sample in Frame 6 only. ACH is clocked
into the input register by the falling edge of CHCLKF. Refer to Table 1
and Figure 4.

BCH: B’ Channel Highway Signalling

BCH allows the user to transmit a one bit of signalling per channel
as Bit 8 of each channel data sample in Frame 12 only. BCH is clocked
inta the input register by the falling edge of CHCLKF. Refer to Table 1
and Figure 4.

S-BIT: Multiframe Signalling Bit

SBIT, in conjunction with CCIS, provides an alternate way to control
the multiframe signalling bit {Fg) transmission. The S-Bit input is
transmitted as the multiframe signalling bit (Fg) if CCIS is held high.
Refer to Table 2.

ALARM: Local Alarm

Used for reporting alarm conditions. If the ALARM signal is high, Bit 2
(the most-significant bit) of every channel data sample of every frame
is transmitted as a zero. This is commonly called remote alarm sig-
nalling. ALARM is clocked into the input register by the falling edge
of CHCLKF. Refer to Table 1 and Figure 4.

LOOP: Loop Strap

Provided to aid testing of user applicati When bled to a high
level, LOOP forces the unipolar outputs to transmit alternating ones
and zeros, regardless of input conditions. Refer to Figure 3.

CCIS: Common Channe! Interoffice Signalling Strap

Provides optional control for transmitting an alternate multiframe
{even-numbered frames) signalling pattern via the S-Bit input. Auto-
matically programmed S-Bit (Fg) transmission following Table 2 is
achieved by holding CCIS at a low level.

B70PTN: Bit 7 Option
Provides Bit 7 as an alternate bit position for “one” stuffing, as pro-
grammed by the zero channel monitor function. Refer to Table 1.

VSS, VDD: Ground and Power

VDD = +5 0.5 Vde
VSS = Ground, 0 Vdc

T-1 Transmitter Outputs

Low power TTL Schottky compatible. 1" 22.4 vdc, 0" 0.4 Vdc,
CL. 25 pf.

SSTB: 4 kHz Signalling Channel Strobe

SSTB is the least-significant bit of the frame counter. Unless it is
directly set by FRSYNC, SSTB will go high as each framing bit (Fr)
is serially transmitted, and will return low as each multiframe align-
ment signal {Fg} is transmitted. Refer to Figure 2.

SYNOUT: Channel Sync Output

SYNOUT provides a means to synchronize to the internal bit counter
{Mod 193). SYNOUT is high for one bit time, beginning just prior to
the first data bit of a frame being serially transmitted. Refer to Fig-
ure 8.

CHCLKF: Channel Clock False

The falling edge of CHCLKF, occurring as Bit 8 of any channel is
being serially transmitted, indicates input data has been clocked into
the input register. With the exception of an extra bit period extending
the low level duration at frame bit time, CHCLKF is a divide-by-eight
of CLOCK. Refer to Figure 2.

BINOUT: Serial Data Output, Binary Formatted
BINOUT is the binary formatted serial conversion of the parallel input
data. The programmed format of BINOUT follows Table 1 and 2.

BINOUT is synchronously transmitted as a high level if FRSYNC
remains during the rising edge of CLOCK. Refer to Figure 6 and 7.

" UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs

Two paired unipolar outputs are provided for the purpose of creating
a single serial data output transmission in bipolar format. The unipotar
output register toggles for each “one” bit to be serially transmitted.
UNPLRA and UNPLRB are transmitted as complements for “one’’
data bits and as low levels for “‘zero’ data bits. See Figure 3.

The input signal loop, if high, forces the unipolar outputs to toggle
every bit time, regardless of input data.

FRSYNC perturbs the current bits being transmitted by UNPLRA
and UNPLRB. If FRSYNC remains high during the rising edge of
CLOCK, UNPLRA will be transmitted as a high level and UNPLRB
will be low. Refer to Figures 6 and 7.



Table 1. Serial Output Data Processing for Channel Sample Data (Not FT or Fs)

BINOUT representing the serial data out will be a

qn

if the below equations are true.

SERIAL DATA BIT FRAME = 6
TO BE TRANSMITTED OR FRAME =12 CCIS =1 AND
(NEXT BINOUT) ANDCCIS=0 ANY FRAME (2}

1st Bit1=1(1) Bit1=

2nd 82 = 1 (see equation below) B2=

3rd 8it3=1 Bit3=1

4th Bit4 =1

Sth Bit5 =

6th Bit6=1 Bit6 =

7th Bit7orB7X =1 B7 =

8th Bit8or 88X =1 Sig=1

(1) Terms Bit 1 thru Bit 8, ACH, BCH and ALARM are the clocked data from the parallel data input register. All other terms are either
complex equation terms or unstored device inputs.
(2) 1f CCIS = 1 the T-1 transmitter can not uniquely identify Frame 6 or Frame 12.

B2 = 81T2 - ALARM
87 =BIT7 +SIG - BIT1 - B2 - BIT3 - BIT4 - BIT5 - BIT6 - INH

Sig=ACH - FRAME =6 + BCH - FRAME = 12

Table 2. Serial Output Data Processing for Framing Bits FT' FS

CURRENT
FRAME
NUMBER REPRESENTED BIT BINOUT BECOMES A “1” IF: (UNLESS STATED OTHERWISE)
T Fg SBIT and CCIS = 1
2 Fr g
3 Fg SBIT and CCIS = 1
a Fr 1
5 Fg SBIT=10rCCIS=0
6 Fr g
7 Fg SBIT=10rCCIS=0
a Fr g
9 Fs SBIT =10rCCIS=0
10 Fr -0
1 Fg SBIT and CCIS = 1
12 Fr e

FT = Framing Bit
FS = Multiframing Alignment Bit

NOTE: FT Bit insertion is automatic and no optional control is provided.




Table 3. Input Timing

MIN MAX UNITS

'1s Buffered Data Setup Time : 450 . ns
Yn Buffered Data Hold Time 0 ns
tg Control Input Setup Time 400 ns
o Control Input Hold Time 20 ns
t3g Asynchronous Control Input Setup Time 350 ns
Hh Asynchronous Control Input Hold Time 20 ns
s SYNCIN Setup Time 200 ns
QH SYNCIN Hoid Time 20 ns

SYNCIN Pulse Width 100 ns
‘55 . Frame Sync Setup Time (Return to Zero) 250 ns
5 Frame Sync Hold Time (Return to Zero) 20 ns

Frame Sync Pulse Width 200 ns
tgg Frame Sync Setup Time {Non-Return to Zero) 525 ns
e Frame Sync Hold Time (Non-Return to Zero) 20 ns

CLOCK (1.544 MH2)

JUUUInuruUuUrununuuUuure

NEXT BIT OUT |7|3|FT|1|2|3|a s|s|7|a|1‘2| “l5|7|8|"s|||2|3|4|5|5|7|'I‘|2|
TRANSMITTING BIT l’lalFfl'|2|3|‘lsls|7|al‘lzl sg|s|7|s|rs|1|z|3|4|5|6!7la|1|
CHCLKF l | | | l
INPUT DATA SAMPLE I I
TIME
SYNOUT | { 1

¢

LIRS
MOD 12 I I
FRAME COUNT 1 ki 2

Figure 2. T-1 Transmitter Output Signal Relationship

amom_, I r—\
PSR s I e BN o B
UNPLRB I—_l I ] I

Loor l |

Figure 3. T-1 Transmitter Binary, Unipolar Format
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NEXT BIT 1STORF_ORF | [
TRANSMITTED 8TH [ 7 OR Fg 2ND OR 1ST 3RD OR 2ND

BIT BEING
TRANSMITTED 7TH l 8TH l 1ST OR F. OR Fg I2N° OR 15T

cLOCK w

CHCLKF \ 1

t I - t
BITS 1-8 b I ™
sk LU X LLITITITTTT
w.cas [/ ////111[1///X X777/ TTTTITT

4—'35—.| '-—13,.'

sy Z7IIITTTITTTTIX 77177777

Figure 4. Input Timing Relationships
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'4H——| I"—i—l tas l‘— \\

(SERIAL DATA ANYBITN ‘X
OUTPUT)

ANY BIT N+1 X 1STBIT,CH 1 X 2ND

Figure 5. SYNCIN Timing Relationship

cLock ‘
FRSYNC t5SM|M"'|
o] | —

SSTB A\ / NST FRAME (FRAME 1)
BINOUT \

({SERIAL DATA ANY BITN \ \x ANY BIT N+1 \ X ANY BIT N+2 X

OuUTPUT) \ \ \
AX X X

Figure 6. Return to Zero Frame Sync Application
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I
| AR ]

NS LI

ssT8 ANY FRAME\ \ y 1ST FRAME (FRAME 1)
<) N N\

FRSYNC

BINOUT anveiTn  \ X ANY BIT N+1 ‘/ STBIT,CH 1,= 1" \\ 2ND BIT,CH 1

) / \

UNPLRA )

P><J

UNPLRB X X ‘ [

Figure 7. Non-Return to Zero Frame Sync Application

Table 4. Output Propagation Delay, Worst Case
(Measured from Rising Edge of Clock
Unless, Stated Otherwise)

OUTPUT MAX DELAY UNIT
ssTB 500 ns
SYNOUT 500 ns

Ref from Falling
Edge of Clock

CHCLKF 500 ns
BINOUT 500 ns
UNPLRA 500 ns
UNPLRB 500 ns

cLock | b m—_
\ \

svour i DA

|\

CHCLKF ‘ \ \ \ \ \h‘SAMPLES DATA EVERY 8TH BIT TIME

FRAME

NUMBER FRAME N X FRAME N+1
TRANSMITTING
Tas X 8TH, CH=24 X FrOR Fg X 1ST, CH=1

Figure 8. SYNOUT Signal Relationship




SPECIFICATIONS

Maximum Ratings

Rating Symbol Value Unit
Supply Voltage VDD +4.5 to +5.5 Vdc
Operating Temperature TOP 0 to +70 °c
Storage Temperature TSTG -55 to +150 °c

This device contains input protection against damage due to high static voltages or electric fields; however, precautions should be taken to
avoid application of voltages higher than the maximum rating.

Electrical Characteristics
(VDD =5.0 £5%)

Characteristic Symbol Min Max Unit
Logical ““1"" Input Voltage VOH 2.0 VDD +0.3 v
Logical *“0" input Voltage VlL -0.3 08 v
Logical 1" Output Voltage VOH 24 - v
Logical “0” Output Voltage VOL - 04 v
Output Source Current 'OH -100 - BA
Output Sink Current IOL 400 - uA
Capacitance Load [ - 25 pF
Input Capacitance (any input) clN - 5 pF
Clock Frequency - 16 MHz
Power Dissipation Po - 250 mw

e

PINNO. 1
" \DENT.

{1.470)
11.440)

IR
(009 1023) mau Lo
0% L150) Loso)

(085) 0% {37%) (020)

Packaging Diagram
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PART NUMBERS
R8060, R8060A

MOS/LSI TELECOMMUNICATIONS DEVICES

DATA SHEET

DESCRIPTION

The Rockwell T-1 Receiver processes serial unipolar data of a
T-1,D02 or T-1,D3 line from which data and a 1.544 MHz clock
have been extracted.

Frame synchronization is accomplished by locating the frame bit
(FT) alternating every 386 bits. Loss of frame sync is indicated
if a frame bit error occurs within two to four F-Bit frames ‘since
the previous frame bit error.

A loss of carrier is indicated if 31 consecutive bit times yield
“zeros’ at the input. Carrier loss is reset and frame sync search
begins when a “‘one’* reappears at the TDATA input.

Signaling bits, which occur 193 bit positions after a framing bit,
are monitored to detect signaling frames. The signaling frame
output, SIGFR, identifies the present frame as a signaling frame,
and the S-Bit output at that time identifies which signaling frame
is being processed.

Remote alarm reporting is detected by monitoring the second
received bit of every channel sample of every frame. Analarm is
indicated if 255 consecutive Bit 2 zeros are received.

Channel data bits are output by an eight-bit parallel register. The
rising edge of the signal called channel clock (CHCLK) indicates
the extraction of new output channel data.

Several signals developed from a MOD 386 counter are provided
to aid in the external processing and storage of channel data.
Signals are provided to increment counters, synchronize counters,
strobe data into memories, etc.

The Rockwell T-1 Receiver chip operates on a single 5 volt supply
and directly interfaces to the low power TTL Schottky logic
family. The Receiver is packaged in a 28 pin dual in-line (DIP),

Timing relationships are given in figures 3 through 5,

FEATURES

¢ Synchronizes serial T-1, D2 or T-1, D3 signals in less than 5 ms,
e Extracts 8-bit parallel channel data

® Provides timing signals to capture and synchronize channel and
frame information

e Monitors and detects

- Errors in signaling bit pattern
— Loss of frame sync

— Lossof carrier

-- Remate alarm reporting

® Single 5V supply

® LSTTL Schottky compatible

T-1 SERIAL RECEIVER

TCLk 1@ 2B 5IGFR

VDD (+5) 2 27[sBCLK

wiHBT ([]3 263 TDATA
B2ALRM [(J4 253coes

TESTI 5 24P coB7
FRALAM]6 23 cose

cHcLk 7 22 cpes | CHANNEL
MAXCNT]8 21fgcpea [ PATA
CHSYNT o 200 cpes | B8
SYNCEN [J10 19 coB2

MR g 18 coB.1

GND —]12 "17[J CDINH

CALRM 13 16 SBIT

SBALRM 14 15[ TESTO

Pin Configuration

ORDERING INFORMATION

The T-1 Serial Receiver is available in two versions. With the
standard commercial version, R8060, data will be stable within
900 ns after the bit clock. With the selected version, RB060A,
data will be available within 600 ns after the bit clock.
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Figure 1. R8060 Block Diagram
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T-1 RECEIVER INPUTS

Any input 0.8V = LOGIC 0, LOW, ZERO. Any input 22,0V =
LOGIC 1, HIGH, ONE. A transition from a low level to a high
level is called a rising edge, while the converse is true for the
falling edge.

TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT

Unipolar T-1 Data is clocked in on the falling edge of TCLK.
Thereafter, TDATA is processed on the rising edge of TCLK.
TDATA must be stable 100 ns before and remain stable 100 ns
after the falling edge of TCLK.

TCLK: T-1 CLOCK

Typical clock frequency is 1.544 MHz. Maximum clock frequency
is 1.85 MHz. The T-1 bit period is bounded by the rising edges of
TCLK.

SYNCEN: FRAME SYNCHRONIZATION ENABLE

Provides a means to disable the automatic resync search initiated
by a FRAME ALARM condition. If the SYNCEN signal is low,
the synchronization function is inhibited and remains inhibited
until SYNCEN transitions high. SYNCEN must be stable 200 ns
before the rising edge of FRALRM, in order to inhibit the syn-
chronization function,

MR: MASTER RESET

Maste( Reset, when low, performs an initialization clear of the
T-1 Receiver; SBALRM and CALRM are reset to low levels while
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels.
Frame synchronization search begins on the rising edge of MR
provided that SYNCEN signal has been high for 200 ns. Minimum
pulse width is one T-1 clock period.

CDINH: CHANNEL DATA INHIBIT

Provides a means to disable channel data bit outputs. When at a
high level, CDINH forces channel data Bits 1 through 7 high.
Bit 8, the least significant channe!l data bit, is not controlled by
CDINH.

TESTI: ROCKWELL DEVICE TEST INPUT

Used only for Rockwe!l device testing, no connection to TESTI is
required for normal operation.

VSS, VDD: GROUND AND POWER

VDD = +5.0 £0.25 VDC
VSS = Ground, 0 VDC

T-1 RECEIVER OUTPUTS

Low Power TTL Schottky — compatible
17 >2.4 Vdc; 0" < 0.4 Vdc
CMOS — 12K pullup to VDD required.

CDB (1-8): CHANNEL DATA BIT 1 THROUGH 8

Bit 1 is the sign bit, Bit 2 is the most significant bit and Bit 8 is
the least significant bit. If CDINH is low, new parallel channel
data becomes valid within 200 ns after the rising edge of CHCLK
and remains valid until the next rising edge of CHCLK. If CDINH
is high, channel data Bits 1 through 7 are forced to a high level.
Bit 8, the least significant bit, is not cantrolled by CDINH. Chan-
nel data Bits 1 through 7 are enabled or disabled within 300 ns
(R8060) or 150 ns {R8060A) by CDINH. Refer to Figures 3
through 5.

CHCLK — CHANNEL CLOCK

The rising edge of CHCLK indicates a change of parallel output
channel data. CHCLK is four TCLKS high then four TCLKS low
except for when an “F’* or “S" bit is received. Then CHCLK
stretches to five TCLKS high and four TCLKS low. Refer to
Figures 3 and 4.

CHSYNC: CHANNEL SYNC

Channel Sync occurs one time in a 24 channel period, making it
suitable for synchronizing external counters to the T-1 Frame
rate. CHSYNC goes low one TCLK period before the falling edge
of CHCLK at channel 24 date sample time. CHSYNC returns
high 1 TCLK period after the next rising edge of CHCLK. Refer to
Figures 3 through 5.

TESTO: ROCKWELL DEVICE TEST OUTPUT

Designed to aid in Rockwell device testing. No connection required
for normal operation.

WIHBT: WRITE INHIBIT

WIHBT covers the parallel channel data transition period. WIHBT
is suitable for clocking or strobing channel data into external
memories. WIHBT is high for two TCLK periods, beginning one
TCLK period before the rising edge of CHCLK. Refer to Fig-
ures 3 and 4.

MAXCNT: MAXIMUM COUNT OF 386 MODULUS

MAXCNT is low for one TCLK period, marking the completion of
a two-frame period corresponding to the expected receipt of an
F-bit at the TDATA input. Refgr to Figures 4 and 5.

SBCLK: S-BIT CLOCK

SBCLK will be high during the S-Bit frame and low during the
F-bit frame. The transitions will occur within 300 ns after the
rising edge of TCLK as channe! 24 data is being transferred to the
parallef channel outputs. Refer to Figures 3 through 5.

S-BIT: SIGNALING BIT OUTPUT

The S-Bit output monitors the previous S-Bit received which
occurred two frames before the receipt of the current S-Bit.
An S-Bit output transition occurs one TCLK period after the
rising edge of SBCLK.

During a signaling frame {SIGFR is low}, frame 6 or "’ A" highway
signaling is identified by S-Bit output being low. If S-Bit is high
during a signaling frame, frame 12 or B highway signaling is
identified. Refer to Figures 3 through 5.

SIGFR: SIGNALING FRAME

SIGFR identities frame 6 or 12 when low. If the sequence of five
consecutive received S-Bits is either 0111X or 1X001 {left to
right, as received), SIGFR shall go low after the rising edge, but
at least 375 ns before the falling edge of WIHBT corresponding to
channel 1 data sample time. SIGFR returns high one frame later
{193 bits). Refer to Figures 3 through 5.

SBALRM: S-BIT ALARM

SBALRM goes high if the sequence of five S-Bits received contains
four consecutive ones (01111), and remains high untit three con-
secutive ‘‘zero” bits are preceded and followed by a ‘one’ §-Bit
(10001). The actual transition of SBALRM output occurs after
the rising edge, but at least 375 ns before the falling edge of
WIHBT corresponding to channel 1 data sample time.



B2ALRM: BIT 2 ALARM

B2ALRM goes high, detecting a remote alarm condition, if 255
consecutive channel data samples are received with Bit 2 low.
B2ALRM returns 'ow upon the receipt of any channel sample with
Bit 2 high.

CALRM: CARRIER LOSS ALARM

A carrier loss is detected and CALRM is set high if 31 consec-
utive low fevel TDATA bits are received. CALRM is reset low,
FRALRM is set high and frame sync search begins when the first
TDATA high level is received.

FRALRM: FRAME ERROR ALARM

FRALRM detects an out-of-frame condition. FRALRM goes
high if:

A)  The framing synchronization function is in progress.
8) Within 250 ns after the falling edge of MR.

C) An F-Bit is received which is not the inverse of the last
F-Bit and the same condition also occurred two or three
or four F-Bit frames earlier.

D) Within 250 ns after the falling edge of CALRM, (CALRM
being reset by high level TDATA bit).

FRALRM goes low upon completion of the synchronization
function or within 250 ns after the rising edge of CALRM. (Car-
rier loss condition during frame synchronization function).

OUTPUT CLOCK SIGNALS DURING FRAME
SYNCHRONIZATION FUNCTION

Following the Declaration of Frame Sync loss (FRALRM goes
high). output signals will continue normally for a two-frame
period with the exception of CHSYNC, which has the above
mentioned second frame sync pulse inhibited. Following the two-
frame period CHCLK, CHSYNC, and WIHBT are held high until
frame sync has been located, as indicated by the falling edge of
FRALRM. With typical data patterns, frame synchronization takes
tess than five milliseconds. See Figure 2.
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WIHBT M 1 M : M

— _n n

Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization
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FRAME SYNCHRONIZATION SIGNALING SYNCHRONIZATION
BIT (F BIT) PATTERN BIT (S BIT) PATTERN

FRAME NO.

CHSYNC U 1} U ] ”_"jr_—”‘—'”_]r"ﬁr——]rﬁr-—

SBCLK J L } | B \ J L I ] L
s8IT \ ]
(ouTPUT)
SIGFR | | 1 |
MAXCNT ] U U |1} U 1]

FRAME =24 TIME SLOTS = 193 BITS = 125uS
TIME SLOT =5.184S ONE BIT =648 NS
MULTIFRAME = 12 FRAMES = 1.5 MS.

FBIT (F) FRAME ALIGNMENT SIGNAL SBIT (Fg) MULTIFRAME ALIGNMENT SIGNAL

{ODD-NUMBERED FRAMES) (EVEN-NUMBERED FRAMES)
FRAME FIRST BIT FRAME FIRST BIT

1 1 2 0

3 0 4 1]

5 1 6 1

7 0 8 1

9 1 10 1

1 0 12 0

Figure 5.  Multiframe Signal Relationships

Table 1. Output Propagation Delay Worst Case, From Rising Edge to TCLK

OUTPUT MAX DELAY (NS)
CHCLK 300
CHSYNC 300

WIHBT 300
MAXCNT 300

SBCLK 300

SBIT 400

SIGFR 475

SBALRM 475

B2ALRM 450

CALRM 300

FRALRM 900 (RB060)

600 (RBOBOA)

cDB {1-8) 400




SPECIFICATIONS

Maximum Ratings

Rat.ing Symbol Voltage Unit
Supply Voltage VDD 44,75 to +5.25 v
Operating Temperature Range TOP 0to70 . °c
Storage Temperature Range TSTG -55 to +150 °c

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent unnecessary applica-
tion of voltage outside the specification range.

Electrical Characteristics

- — 50,
Vpp= #5V 5%, T 4= 25"C)
Characteristic Symbol Min Max Unit
tnput Logic ‘1" Voltage VIH 2.0 VDD +0.3 v
input Logic “"0” Voltage VIL 0.3 0.8 A\
QOutput Logic “1* Voltage VOH 2.4 } \"
Qutput Logic “0” Voltage VOL 0.4 \2
Output Source Current ‘OH -100 BA
Output Sink Current IOL 400 MA
Clock Frequepcy Telk 1.85 MHz
Input Capacitance CI 5 pF
Qutput Capacitance_ CO 25 pF
Power Dissipation PDSS 550 mwW
ARADNNDNODNNNNLH
(550}
(530
PINNO. 1
o IENT.
(1.470) (e
RELL, (140)
(1.240) . 810
i (599,

(.015)

_Lr {'008)
pinlh ey N

(.085) bozs) OSZRER- L1101 (150) Los0)
(1065) t (0%} (725) {020)

Packaging Diagram
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Rockwell-Collins Disc-Wire Mechanical Filters

1.0 Introduction

Disc-wire mechanical filters consist of metal discresonators that are coupled together by wires. As shown in
figure 1A, three basic elements comprise the filter structure: (1) magnetostrictive or piezoelectric trans-
ducers, used for converting electrical signals into mechanical vibrations; (2) high Q, mechanically resonant

discs; and (3) disc coupling wires.

Biasing Magnet
N &=———S

Magnetostrictive
Transducer —=(

DISC Coupling Wire
DISC Resonator

S0 \\ ?3

£

UUU

Y\\ﬁ%ﬁ

Impedance Transforming ere

Source i
Resistance 7

Coit Losses

1A. Physical Structure

Coxl Inductance

N

Coupllng Wire Analogy

W

Resonating Capacny

1B. Electrical Analogy

Dnsc Resonator Analogy

Load

Resislance

Figure 1.

Disc-Wire Mechanical Filter Analogy
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1.1 Filters Using Magnetostrictive Transducers

When an electrical signal is applied to the input coil of a magnetostrictive transducer (figure 1A), an
alternating magnetic field is produced. This field then passes through the magnetostrictive rod that is
attached to the first disc. When properly biased, the rod will vibrate at the frequency of the impressed signal.
This is due to dimensional changes of magnetostrictive material that occur when being subjected to a mag-
netic field. The vibrating rod drives the first disc which, by means of the connecting coupling wires, drives the
next disc. Each successive disc is then driven by the preceding disc until the signal reaches the output trans-
ducer. Strains developed in the output magnetostrictive rod produce an alternating magnetic field which, in
turn, induces a voltage across the output coil.

1.2 Filters Using Piezoelectric Transducers

These filters operate in a manner similar to those described above, but a piezoelectric rod is used instead of
the coil, biasing magnet and magnetostrictive rod shown in figure 1A. The coil inductance and resonating
capacitance shown in figure 1B are replaced by the transducer static capacitance and resonating inductance,
respectively. When a voltage is applied across the input piezoelectric transducer, an alternating electric field
is produced, causing it to vibrate. The vibrations are transmitted through the disc-wire assembly in the same
manner as described in paragraph 1.1, and are converted to a voltage at the filter output. In addition to
converting energy from one form to another, the transducers also reflect the source and load resistances into
the mechanical circuit. The reflected impedances provide a termination for the filter.

2.0 DESIGN CONSIDERATIONS

The disc resonators are made from a specially processed nickel-iron-chromium-titanium alloy. The
constant-modulus characteristic of this material minimizes frequency shifts with changes in temperature.
Figure 1B shows that the filter center frequency is determined by the disc resonator frequencies.

Several considerations are important in choosing the physical configurations of disc resonators and the
mechanical coupling for a particular filter.

2.1 Disc Resonators

It must first be determined which mode of vibration is to be used. The two modes of vibration that are generally
used in Rockwell-Collins filters are both flexure modes. The discs flex symmetrically about their center, similar
to the vibration of adrum head. Both vibration modes use a nodal circle, or circles, which are not coincident with
the edge of the disc. A mode with a single-nodal circle is generally used at frequencies of 200 kHz or lower,
whereas a mode with 2-nodal circles is used up to 500 kHz. Figure 2 represents a mode with 2-nodal circles.
The frequency of a disc resonator is directly proportional to thickness and inversely proportional to the
square of the diameter.

Cross Section Top View

Figure 2. Vibration Mode Using 2-Nodal Circles



cher normal modes of vibration occur near the frequency region of interest, most of them having nodal
diameters. The Qrimgry reason for attaching transducers at the centers of the firstand lastdiscsin afilteris to
suppress these vibrations. Figure 3 illustrates four basic configurations of transducers used for this purpose.

G i ) Direct Attached Ferrite

ﬁ Indirect Attached Ferrite
ﬁ— Alloy (End) Wire

Piezoelectric Ceramic

Figure 3. Transducer Configurations

2.2 Mechanical Coupling

The coupling inductors shown in figure 1B represent the wires which couple the disc resonators together and
also act as their physical support. Varying the mechanical coupling between the discs, in effect making the
coupling wires larger or smaller,varies the filter bandwidth.Since the bandwidth varies as a function of the
approximate total cross-sectional area of the coupling wires, it can be increased either by using larger
diameter wires or a greater number of coupling wires. It should also be noted that the physical structure
becomes weaker as the filter bandwidth is reduced, assuming a fixed coupling wire configuration is used. This
is one of the reasons why disc-wire filters are built usingthree basic coupling wire configurations. See figure
4.
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Figure 4. Disc Coupling Techniques.

Notably the least obvious of the three configurations shown in figure 4 is “off-resonance coupling”, used in
narrow bandwidth filters. In this scheme each alternate disc, shown shaded, is tuned so that its resonant
frequency is higher than the filter passband region. Since the off-resonance disc is a shunt tank circuit, in the
bandpass region in the filter (below the resonant frequency of the disc), it appears as a shuntinductance. This
results in a “tee” of coupling inductors between the shaded discs. The net result produces a narrow bandwidth
filter with coupling wires significantly larger in diameter than could be used without the “off resonance” discs.

3.0 Practical Design Limits

An analysis of all design considerations outlined in Section 2.0, results in definition of a set of design limits.
The center frequency vs percent bandwidth is plotted in figure 5. The horizontal axis is filter center frequency
and the vertical axis is filter bandwidth expressed as a percentage of center frequency. Practical limits within
which mechanical filters can be built are represented in figure 5 as the shaded area. Special filters outside of
these limits have been built, however, they are very costly.
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Figure 5. Center Frequency vs Bandwidth.

Most disc-wire filters approximate a 0.1 dB Chebyshev characteristic and exhibit a monotonic response.
However, by bridging one or more discs with a coupling wire of proper dimension, it is possible to achieve a
cancellation of signals at the output of the mechanical filter. This results in attenuation poles either in the
upper or in the lower filter stopbands, or in both. Filters using these attenuation poles provide steeper skirt
selectivity with fewer disc resonators than filters without the poles. This is important in applications where
differential or absolute delays in the passband are of concern. See figure 6 for an attenuation comparison for
filters having different numbers of disc resonators.
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Figure 6. Attenuation Characteristics for Chebyshev Fiiter with 0.1 dB Ripple.

4.0 Enclosure Styles

Enclosure styles and outline dimensions for six different packages are shown in figure 7. Case styles “YA”, “V"”
and “Y” are hermetically-sealed metal cases and are therefore the most expensive. These cases are recom-
mended for stringent military applications, particularly where high humidity environments exist. The other
styles shownin figure 7 are plastic cases that are suitable for most commercial applications but have also been
used successfully in certain military applications. Case style "HS" is the least expensive and can be used in
many applications for filters in the frequency range of 450-500 kHz. Whereas in most plastic enclosures the
base is bonded to the cover with epoxy, the “HS” enclosure uses heat-staking. With this method no attempt is
made to effect a moisture seal. However, this enclosure is suitable for many commercial environments, as the
filter itself is not permanently changed by moisture.
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Figure 7. Disc-Wire Mechanical Filter Case Styles.
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5.0 Application Guidelines

Rockwell-Collins disc-wire mechanical filters use two basic types of transducers: magnetostrictive and
piezoelectric. Magnetostrictive transducers are further divided into two types: wire and ferrite. The type of
transducer incorporated into the filter determines the application technique to be followed.

5.1 Magnetostrictive Transducers

Magnetostrictive wire and ferrite transducers require that the input and output transducer coils be
capacitively resonated. The care required to-resonate the coils depends on the filter type itself, the desired
response variation (passband ripple) level, and the loss through the filter. Many mechanical filters, in various
applications, can be resonated by a standard fixed-type capacitor (e.g., DM10). The value of this capacitor
depends on the particular filter type and on the external/stray capacitance imposed on the filter by the
application circuit. As the performance requirements for the filter become more stringent, greater care must
be exercised in resonating the transducer coils. For example, if a mechanical filter is used in the receiver
section of a CB transceiver, the nominal value of resonating capacitance defined in the filter specification will
provide satisfactory results. However, if the filter is used in a single sideband radio that requires a low value of
response variation in the passband and more precise frequency response characteristics, itis advisable touse
variable capacitors to peak the filter during the equipment design stage. When the capacitance value for that
specific filter type and application circuit has been determined, equivalent fixed capacitors may be
substituted in production equipment. In applications where ultimate filter performance is required such as the
very low ripple value required in voice multiplexing and telecommunications systems, it is advisable to use
variable capacitors for tuning the production equipment. In all applications, the transducer coils must be

properly resonated to ensure minimum response variation in the passband and to minimize loss through the
filter.

To determine the capacitance required for resonance in a particular filter circuit, asimple method is to set the
filter signal input at the center frequency of the filter. Then adjust the capacitors to obtain maximum output
amplitude from the filter. In most applications no further tuning is required. However, if the absolute minimum
value of response variation in the passband is required, further adjustment may be necessary. In this case,
sweep the frequency of the input signal across the passband of the filter and, simultaneously, adjust the
capacitors to obtain minimum ripple. The capacitance variation from the fixed value should not be large;
however, it generally does result in lower ripple values.

In addition to resonating the transducer coils, the circuit must provide the proper source and load resistance
values, as in other filter types. Filters which have wire transducers are essentially self-terminated and require a
very high value of terminating resistance with the transducer coils parallel-resonated.A very low value of
terminating resistance is required when the transducer coils are series-resonated. Thus, for parallel-resonant
operation, the terminating resistance can be 100K ohms or greater and for series-resonant operation it can be
100 ohms or less. In many applications, these limiting resistance values can be changed to 50K ohms and 200
ohms, respectively; however, for values of resistance in between, a capacity divider is required.

Filters having ferrite transducers also need to be terminated with the specified resistance values defined in the
filter specifications. If a filter cannot be terminated with these specific resistance values, a capacitance divider
network should be used. For example, let us assume that a mechanical filter with ferrite transducers is
designed for parallel-resonant operation. The capacitance value is determined to be 130 pF and the termina-
ting resistance is 20K ohms; however, it is more convenient for the designer to provide a terminating resis-
tance of 10K ohms. For the specified termination (20K ohms) see figure 8 and for the alternate configuration
£10K ohms), see figure 9.

Cp
Cp Rp Rp

130 pf
20,000 ohms

inn

Figure 8. Specified Termination (20K ohms).
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Figure 9. Alternate Configuration (10K ohms)

In the example chosen:

/20,000
c - ———  (130) = 184 pf
1 10,000

c (184) (130)
2 " 184 - 130

443 pf

If operation at a much lower impedance level is required, the designer can convert the terminating circuitry to
series-resonate the coil. Assume again, that the filter is designed for parallel-resonant operation with 130 pf
capacitance and a terminating resistance of 20K ohms. The conversions shown'in figure 10 are satisfactory at
a single frequency to convert either from parallel-to-series or series-to-parallel operation when only one
terminating resistance condition is known. Note that the capacitive-reactance must be usedin the calculation,
not the capacitance value in picofarads.

Figure 10. Parallel-to-Series and Series-to-Parallel Conversions.
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In the example, let us assume an operating frequency of 455 kHz. The reactance of 130 pf at 455 kHz is:

1 .
= 2700 ohms
2 ar (455,000) (130 x 10-2)
then:
1
R_ = 20,000 = 359 ohms
S 2 2
1 1
LI + [ ——
( 20,000 ) ( 2700 )
1
2700
X = - = 2650 ohms
S ( 1 )‘ 1 2
+
20,000 2700
and: ;
C = _— = 132 pf
S 2 7 (455,000) (2650)

Therefore, the equivalent series circuit at 455 kHz is a resistance of 359 ohms in series with a capacitance of
132 pf.

The preceding examples used parallel tuning, series tuning, and a capacitance divider and a terminating
resistance somewhat less than the 20K ohms required for parallel tuning. In the following example, let us
assume that a terminating resistance significantly closer to 359 ohms (determined above) is required for

series tuning. In this range of terminating resistances, it is advantageous to use a capacitance divider, as
shown in figure 11.

Cy = /% {Cy)

Cs Cs ~ Ca

Figure 11. Capacitance Divider.
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Refer to figure 11 and assume a desired value of 1K ohm for R. Knowing from the previous calculation
RS is 359 ohms and Cs is 132 pf.

/ 359
C = ——(132) = 79 pf
4 1000( ) P

C 3= 132 -79 = 53 pf

Then:

All examples shown use approximations and neglect stray capacitances. This may require some adjustments
of values in the final application circuit. However, this is a simple, easy-to-use ‘approach which provides the
circuit designer with a good starting point when choosing his design. It is also apparent that some choice of
approach exists in the middle range of terminating resistances between the limiting values of 20K ohms and
359 ohms.

5.2 Piezoelectric Transducers

Filters using piezoelectric ceramic transducers are generally tuned internally and need to be terminated with a
specific resistance that is normally shunted by a specific capacitance. These filters can be tuned internally so
that no external capacitance is required. However, since stray capacitances are always present in external cir-
cuits, the filters are designed to “see” some convenient value of capacitance which is defined in the filter
specifications.

Application circuits should not be designed with signal levels so high that aslightincrease in signal level input
changes the bandpass characteristics of the filter. The specification for the filter defines a maximum input
level. In general, levels of -20 to -10 dBm are acceptable. Permanent damage to the filter is not likely to occur
unless levels are considerably higher. However, some deterioration of the response characteristics may occur
when the filter is “overdriven”. In terms of small signals, satisfactory operation is obtained with inputlevels as
low as -100 dBm.

5.3 Application Conclusion
Most mechanical filters are capable of providing stopband rejection greater than 90 dB. To take full advantage

of this capability, reasonable care in physical layout must be taken and good design practices must be
observed. For example, physical separation and/or shielding between input and output must be provided. Do
not allow leakage paths around the filter. If stopband levels are not greater than 90 dB, the problem most likely
exists in the external circuit and not in the filter.

All preceding comments are intended as basic guidelines. Design experience and experimentation with
mechanical filters will provide the designer with acceptable deviations for specific applications.

Figure 12shows a generalized application using mechanical filters in transistor amplifiers and figure 13shows
an application for use in a balanced modulator. These circuits are not intended to be limiting; they are
supplied only as starting point information for the designer.
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Figure 12. Transistor Amplifier Circuit

Carrier
IN

Audio
IN

Sideband
Mechanical out
o Filter o o

Figure 13. Balanced Modulator Circuit.

6.0 Disc-Wire Filter Characteristics

This section describes the effects of terminating circuits, group-delay response, dynamic range and power
level, intermodulation distortion, spurious responses, stability and aging.

6.1 Effects of Terminating Circuits

The methods of achieving proper terminations for disc-wire filters’ were discussed in Section 5. This
paragraph shows the effects when filters are not properly terminated. Improper terminations affect most
operating characteristics of any high-performance bandpass filter. In a majority of applications, the most
noticeable effects are increases in passband ripple and changes in insertion loss. Generally, the more selec-
tive the filter, the more noticeable the effects of improper termination.The performance of a multi-section filter
having steep skirt selectivity will be degraded more by improper termination than will a filter having fewer
sections and less steep skirt selectivity. To illustrate effects of improper terminations for typical filters, a nine-
disc-resonator design with a 3 dB bandwidth of 3kHz is presented here. Figure 6 shows that a filter (N = 9) with
these characteristics has a shape factor of approximately 1.6 to 1, where shape factor is defined as the ratio of
filter bandwidth at 60 dB to filter bandwidth at 3 dB.



As indicated in Section 5, all disc-wire filters must be terminated with an equivalent combination of resistance
and capacitive reactance. In the following example, assume a typical filter requiring a termination of 10K
ohms shunted by 160 pf. Furthermore, assumé a "perfect” filter where every electrical and mechanical
parameter meets exactly the nominal values specified, plus or minus zero tolerance. This filter, when properly
terminated, has a 0.1 dB passband ripple that is evenly distributed across the passband. The effect of
increasing or decreasing the external shunt capacity by 10 percent (16 pf), thereby increasing the passband
ripple to approximately 1.0 dB (from 0.1 dB), is shown in figure 14.

0
g8 '
c
°
T
=
€
2 2F
<
3 |

457

Frequency (kHz)

Figure 14. Effect of Terminating Capacitance on Passband Ripple.

When -changing the shunt capacitors back to their correct value of 160 pf, and changing the tgrminating
resistors by plus 100 or minus 50 percent, the passband ripple increases from 0.1 dB to 2.0dB. Thisisshownin
figure 15.

0 —
o
z
c L
Q2
T
p=l
§ @ R = 5K ohm
R ®R=10Kohm
@ R =20 K ohm
3 | | | 1
454.0 455.0 456.0 457.0
Frequency (kHz)

Figure 15. Effect of Terminating Resistance on Passband Ripple.
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In practicality, there are almost no perfect filters. Even when ideally terminated, afilter will have a passband
ripple value in the order of 1.5 dB as compared with avalue of 0.1 dB. As aresult, itis usually necessary to hold
termination tolerances to + 5 percent for resistance and + 2 percent for capacitance.

6.2 Group-Delay Response

The approximate group (envelope) delay for amechanical filter can be determined from figure 16 and from the
following equations. Note that the curves shown in figure 16 are normalized to 3dB; FN =1.0atthe3dB point.

Group-Delay (Sec.) at NGD NGD = Normalized group-delay
Center Frequency = 7BW from figure 16.
3dB BW 3dB = 3 dB Bandwidth (in Hz)

Example 1:
The group-delay for a 9-pole, 0.1 dB Chebyshev filter which has a 3 kHz bandwidth is:

N = 9
BW 448 = 3,000 Hz
NGD from fig. 16 at fo = 7.9 sec
_ 19 = 0.0008382 sec =
Group-delay at f = 3505, 838.2useC

To approximate group-delay at any frequency inside the 3 dB point, use the following equations:

F x = Frequency in Hz from 3 dB point
F N = (c:\.lseBDWSdB -F x)/0.5 BW 348
Group-delay (sec) at F N = W
3dB
Example 2:
In this example, let us determine the delay at 500 Hz inside the 3 dB point:
N = 9
BW adB = 3000 Hz
F x = 500 Hz
F N = (1500 - 500)/1500 = 0.66
NGD from fig. 16 at = 10 sec
(F N 0.66)
Group-delay at X = = 0.001061 sec = 1061 u sec
10
T 3000

The differential delay of both examples above (center 2 kHz of the passband) is 1061 - 838 =223 sec,assum-
ing that fy was the minimum delay in the passband. The curves shown in figure 16 are idealized. Some
variations from these curves exist in all filters.
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Normalized Group-Delay (NGD), Sec.

36

32 |-

28 |—

24 |-

Normalized Frequency (FN)

Figure 16. Group-Delay Characteristics for a Chebyshev Filter with 0.1 dB Ripple.
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6.3 Dynamic Range and Power Level

There is no practical lower limit on the dynamic range since essentially no internally-generated noise exists.
However, where vibration conditions exist, the microphonic electrical output from the filter is dependent on
the vibration frequency and on the filter type. A typical output isin the order of -70 dB below a 100 percent, 1V
rms modulated output signal at a vibration level of 5 g's betwen 0 and 500 Hz vibration frequencies.

The upper limit of the dynamic range is the linearity of the output signal. This, again, depends on the type of
filter. A 3V rms input signal is a typical limit, although signals as high as 10V rms can be specified in some
designs before appreciable non-linearities appear. See figure 17.

4]
o
s
sz
s5x
3E
3 '

0 | | 1

0 2 4 6 8

Input Voltage (RMS)

Figure 17. Voltage Linearity.

6.4 Intermodulation Distortion

Intermodulation distortion in a mechanical filter is the result of non-linearities in the electro-mechanical
transducers. Therefore, intermodulation distortion is dependent on the type of transducer used and on the
specific transducer design. Figure 18 shows curves of third-order intermodulation products as a function of

signal level and transducer design.
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Figure 18. Third-Order Intermodulation Products

The intermodulation distortion test circuit is shown in figure 19. Generator F3 and the short-circuit that
bypasses the mechanical filter are used as areference level. Generators Fq and Fp are set at frequenciesin the
stopband of thefilter which result in F 3 falling within the passband of the filter, as shown in figure 20. To obtain
accurate results, isolation between generators Fy and Fp, and proper signal levels are of the utmost
importance.
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Figure 19. Filter Intermodulation Distortion Test Circuit.

Amplitude

Fq Fo F3 Frequency

2Fp -Fy =F3

Figure 20. Third-Order Intermodutation Distortion Froduct.

18




6.5 Spurious Responses

Disc-wire filters do not have the resonant frequency overtones (nearly exact multiples) commonly found in
quartz crystals. Mechanical filters do not have adjacent flexure and radial modes which appearin some filters
as spurious responses.

With some exceptions, in mechanical filters the adjacent spurious modes are suppressed more than 60 dB
below the passband reference level. Filters in the 5to 10 kHz bandwidth range have spurious responses that
exceed 60 dB. Filters in the 40 to 50 kHz bandwidth range may have spurious reversals in the transition bands
or in the skirts of the filter response. Figure 21 compares spurious responses between filters with wire
transducers, filters with ferrite transducers and center-coupled wideband filters.

End Wire Ferrite Center Coupled

Attenuation (dB)

Frequency (dB)

Figure 21. Comparison of Spurious Responses

6.6 Filter-to-Filter Variations

Paragraph 6.1 made the statement that “there are almost no perfect filters”. Figure 22 below shows plots of 18
production filters superimposed on top of each other. This particular filter type was designed as a lower
sideband filter for a 455 kHz carrier frequency. It can be seen that there are slight variations from filter to filter.
Itis also obvious that the specification on the skirt of the filter on the carrier side of the passband is tighter than
the specification on the other skirt of the response. As a consequence, there is less filter to filter variation on
that skirt.

In general, mechanical filter specifications are written conservatively, and the average filter is well inside the
specified limits. Figure 23 clearly illustrates this point. It shows four histograms of selected parameters on a
large (10,000 unit) sample of filters built for commercial application. The consistency of performance is an
outcome of good process controls.
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Figure 22. Filter-To-Filter Variations
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Specification

Typical Maximum
10,000 ! 10,000
® 8,000 | 8,000 Specitication
o | X Maximum
L 6,000 | 6,000} Typical
5 | |
o 4,000 | |
F4
2,000 : |
0 . _— 1 1 { ! L 1 ]
0 1 2 3 4 5 6 7 8 9 0 05 1.0 1.5 20 25 3.0 35 4.0 45
Insertion Loss (dB) Passband Response Variation (dB)
10.000 10,000 Typical Speciication
©® 8000} Specification 8,000 Maximum
] Minimum Typical 1 '
L 6,000 ' 6,000 ] ]
(=]
; |
$ 4000 | 4,000 :
2,000 : 2,000 I
Lt 1 ! L1 ) 1 T S B |
1.5 1.65 1.80 1.95 2,10 2.25 2.40 2.55 2.70 2.85 37 4.1 43 45 47 49 51 53 55
3 dB Bandwidth (kHz) 60 dB Bandwidth (kHz)

Figure 23. Typical Production Results.

6.7 Stability

The stability of disc-wire mechanical filters depends on the characteristics of the discs themselves. Collins
disc-wire mechanical filters use an iron-nickel-chromium-titanium alloy (Ni-Span C) as the disc material. The
titanium inthe material allows the alloy to be heat-treatable. This means that the parabolic resonant frequency
vs temperature curve can be shifted along the temperature axis to meet a precise filter specification. Figure 24
shows the frequency shift characteristics of atypical disc resonator at 455 kHz. To approximate the frequency
shift at other frequencies, simply scale by the ratio of the new frequency to 455 kHz.

Example:
f o(kHz)
Affo(kHz) = Af455 KHz —E’ (for 2-nodal circles)
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Figure 24. Disc Resonator Frequency Shift Characteristics

The one-sigma limits resulting from a variation in the heat treatment process are shown in figure 24 as dotted
lines. Where single-nodal circles are used (normally below 200 kHz), the frequency shift equation must be
multiplied by 1.5.

6.8 Aging

Frequency stability of mechanical filters with age is directly related to the resonator mode and to the
characteristics of the material. A good estimate of center frequency shift, with age, is 50 ppm over a 20-year
period or a 25 Hz shift of a 500 kHz center frequency.

The curves in figure 25 show the effect of accelerated aging at the 10 dB points of a typical 500 kHz filter having
a bandwidth of 3 kHz.

Accelerated aging was accomplished by subjecting the filter to temperature cycles for 9 hours at 25°C and for
15 hours at 90°C. The cycles were repeated daily for a period of eight months.
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Figure 25. Effects of Accelerated Aging.

6.9 Reliability

Disc-wire mechanical filters are, by design, very reliable components. A collection of field service data is
shown below:

Field Data: 277,000 Units
2.5 Years
374 Failures
MTBF = 277,000 x 2.5 x 365 x 24
374
1.622 x 107 Hours

61.6x10-° (61.6FIT)
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7.0 ENVIRONMENTAL EFFECTS

This section describes the environmental effects on disc-wire mechanical filters due to temperature, shock
and vibration.

7.1 Temperature Effects on Center Frequency, Bandwidth, Loss and Ripple

Disc-wire filter designers use design techniques with compensating factors. These factors minimize center
frequency shift and bandwidth of the filter with achange intemperature. Table 1 compares the variations of fo
and BW3dB obtained from 10 single sideband filters at 450 kHz. All values shown are in Hz.

fo Afo Afo BWSdB ABW3dB ABWSdB
at 25°C at -40°C at +85°C at 25°C at -40°C at +85°C
Average 451742 +48 +46 3037 -1.3 -9.4
Minimum Value 451681 +39 +37 2871 -23 -26
Maximum Value 451803 +56 +59 3138 +13 +2

Table 1. Variations of fo and BW3 vs Temperature.

dB

Table 2 shows effects of temperature change on anumber of parameters for asample of upper sideband filters
designed for a 455 kHz carrier frequency. This filter was designed for a commercial application, so that the
operating temperature range was not as great as the filter referenced in Table 1. The Table 1 filterisused ina
military application.

+25°C -30°C to +50°C
Maximum A

Parameter Average Value | Minimum Value | Maximum Value from 25°C
Response Variation in dB 0.88 0.4 2.1 1.22
Insertion Loss in dB 2.7 2.4 4.1 1.40
3 dB Bandwidth in Hz 2152 2070 2230 82
60 dB Bandwidth in Hz 4342 4210 4480 138
Frequency in kHz of Low Side
3 dB Point 455.392 455.350 455.450 58
Frequency in kHz of High Side
3 dB Point 457.541 457.450 457.640 99
Frequency in kHz of Low Side
60 dB Point 454.305 454170 454.400 135
Frequency in kHz of High Side
60 dB Point 458.624 458.480 458.770 146

Table 2. Temperature Variations.
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A typical variation of insertion loss with temperature is + 1.0 dB over a temperature range of -10°C to +70°C.
Changes in passband ripple, due to changes in temperature, depend mainly on the transducer design. Filters
using piezoelectric transducers use internal components designed to optimize the response and therefore
display better characteristics over temperature changes. A typical change in ripple over a temperature range
of -40°C to +85°C is less than 1 dB. Most filters using ferrite or wire transducers have twice the amount of
ripple of their actual room temperature values, over this same temperature range.

Temperature variations in center frequency, bandwidth, loss and ripple are temporary. The filter isrestored to
its original operating condition when the temperature is restored to +25° C without measurable hysteresis.

7.2 Shock

To prevent damage from shock, the mechanical filter structure uses an internal resilient rubber shock mount.
This shock mount enables the average SSB filter to withstand greater than 50 G, 11 msec shocks without
changing the filter response. Many mechanical filters can withstand 75 G’s of shock before permanent
damage occurs. See figure 26 for a comparison of shock level versus filter bandwidth. Note that filters using
off-resonant discs have narrow bandwidths, and filters using the mini-single-nodal circle have wide
bandwidths.

100
Mini-One
Noda! Circle
75— c
Off-Resonant Disks
2-Nodal Circle
@
2 Conventional
2 sof— 2-Nodal
S Circle
4
g Center Coupled
@ 2-Nodal Circle
25—
F, = 450 to 500 kHz
0 | | 1 |
300 1000 3000 10,000 30,000 100,000

Bandwidth (Hz)
Figure 26. Shock Level vs Filter Bandwidth.
7.3 Vibration

The internal shock mount that so effectively isolates the filter from shock is also excellent for suppressing
vibration. All Collins disc-wire mechanical filters exceed MIL-STD-202, Method 201.
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Collins Low Frequency Mechanical Filters

1.0 Introduction to Low Frequency Mechanical Filters

The low frequency mechanical filter consists of two metal alloy bars bonded to piezoelectric ceramic trans-
ducers and coupled mechanically with wires which also act as the supporting structure. See figure 1. The
bars are made out of a constant modulus nickel-iron alloy whose temperature coefficient is adjusted by heat
treatment to help compensate for the high positive temperature coefficient of the ceramic. The composite
resonators operate in the flexure mode with wires coupling the bars torsionally. Figure 2 shows the equiva-
lent circuit of the filter.

1.1 Practical Design Limits

The mechanical filter may be designed as a Chebyshev, Butterworth, TBT, Linear Phase or Bessel filter in
either a 2, 3 or 4 pole (resonator) configuration. The Chebyshev {equal passband ripple) designs are avail-
able with ripple values ranging from .01 to 1.5 dB. Typica! response curves for these designs are available
in standard filter handbooks!

Coupling Wire

NI-FE Alloy Bar

Figure 1. Low Frequency Mechanical Filter

1 G. Hansell, Filter Design and Evaluation, Van Nostrand Reinhold Company, 1969.

Howard W. Sams, Reference Data for Radio Engineers, 1968.
A. Zverev, Handbook of Filter Synthesis, John Wiley and Sons, Inc., 1967.
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The practical design limits for low frequency mechanical filters are illustrated in figure 3. The fractional
bandwidth {BW34g/F ) varies from .2% to 1.5% over a center frequency (Fo) range of 3.5 to 70 kHz.

The fractional bandwidth is further influenced by the environmental restrictions (shock and vibration) and
the type of design, such as Chebyshev or Bessel.

Typically, Chebyshev designs having fractional bandwidths between .2% and 1.5% can be achieved for shock
levels to 100 G’s and vibration levels to 10 G's.

An attenuation comparison for .25 dB ripple Chebyshev filters is presented in figure 4 and a linear phase
equiripple (.5° error) design in figure 5.

Static Capacitance Coupling Wire Analogy
of the Ceramic
1L Jv-é’\ 4
AN AN
Source
Resistance

)M
71
Y|
Al

Load
Resistance

Resonator Analogy

Figure 2. Equivalent Circuit of A low Frequency Mechanical Filter

2.0

15—

Percent Bandwidth

A 1 |

11 | | | |
2 4 6 8 10 20 40 60 80 100

Frequency (kHz)
Figure 3. Practical Design Limits of Low Frequency Mechanical Filters
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Figure 4. Attenuation Comparison for .25 dB Ripple Filters
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Figure 5. Attenuation Comparison for Linear Phase Equiripple (.5° Error) Filters
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The Chebyshev designs are primarily for tone selectors while the linear phase designs are used where phase
or FSK modulation is transmitted. The linear phase designs have 0 dB ripple and a low ringing impulse
response (4% ringing for a 2-Pole). Typical mechanical filter specifications are tabulated in table 1. The
values are interrelated {and therefore not independent) and are a function of the type of design, i.e. a very
narrow filter would probably not have a high level shock specification.

Table 1. Mechanical Filter Specifications and Characteristics

Specifications Minimum Typical Maximum
Center Frequency (F) 3.5 kHz 70 kHz
Fractional Bandwidth BW3 4g 0.2% 1.5%

Fo
Number of Poles (Resonators) 1 4
Characteristics Minimum Typical Maximum
Insertion Loss 1dB 3.5dB 10dB
‘ Terminating Resistance 2KQ 20 K@ 50 K
Temperature Coefficient of F + 3PPM/°C + 10 PPM/°C + 25 PPM/°C
Temperature Coefficient of BW3 4g 500 PPM/°C
Passband Ripple 0dB 0.2dB 1.5dB
Vibration (10 Hz to 2000 Hz) 1G 10G’s 15 G’s
Shock 15G's 100 G's 1500 G's
Differential Phase Vs. Input Level 0.5° 0.5° 2°

(=70 to —10 dBm)

Volume 0.5 IN3 0.5 IN3 1.0IN3
5

<l
]
wa
=
=]
u—_Q
-
e




v
=5
[=8=]
=
28
bl
o

1.2 Enclosure Styles

There are four enclosures currently available with low frequency mechanical filters. Three of the enclo-
sures (PA, FS, and LC) are plastic, the fourth (FP) is a hermetically-sealed metal case. It is recommended
that the ‘LC’ case be used whenever possible as it is significantly lower in cost.

Case style ‘PA’ is a plastic version of the ‘FP’ enclosure. It is normally not available except under special
circumstances.

The 'FS’ enclosure is used only on 2-Pole filters which have a ‘fail-safe’ requirement, i.e. the input can at no
time short circuit to the output. This type of filter is normally found in railway systems, people carriers and

automated rapid-transit trains. The enclosure is rated for a —20°C to +95°C environment and is not
hermetically-sealed.

The ‘LC’ case is made of plastic and is ultrasonically sealed. It is rated for a —55°C to +95°C environment.
Filters in these enclosures have been tested with two consecutive cycles of Mil-Std 202, method 106 for a
total time of 20 days at 90% humidity. During the 20 day period filters are thermally-cycled from —10°C
to +65°C and intermittently vibrated at 9 G’s. This test is designed to evaluate the resistance of component
parts to tropical environments. Although the cases and the filters withstood this environment, they may not
be able to withstand extremely long period environments because of the permeability of the plastic case.
However, if the user provides an additional moisture barrier such as ‘post-coat’, filters in this enclosure will
pass @ more rigorous environment,

The alternative enclosure for tropical or high altitude service is the ‘FP’ case style. This is a cold-welded
metal enclosure with glass to metal terminal seals. The filters in this package are rated for a —55°C to +95°C
environment and guaranteed to meet the moisture resistance test. A disadvantage is that they are several
times more expensive than the ‘LC’ enclosure.

1.3 Application Circuits

The following constraints are suggested limitations on the application circuit. Although these values may be
exceeded without damage to the part, the filter will operate in a non-linear portion of its spectrum or will
not meet the specifications.

Signal input level (across the terminals): 1Vrms
DC voltage across the terminals: 50 vDC
Source and load termination: 259
Stray capacitance across the input/output terminals to ground: 50 pf Max

The application circuits of figure 7 demonstrate the use of bridging capacitors (C«l, C») which are used to
convert a monotonic response to an elliptic function response. Bridging the filter wit%r a capacitor between
the input and output terminals provides the attenuation poles {transmission zeros) shown in figure 4. This
capacitor is typically about 30 pf in value. Although there is a substantial improvement in the filter's shape
factor (the ratio of the bandwidth, at a specified attenuation level to the 3 dB bandwidth) the disadvantage
with this technique is that the attenuation level in the stopband of the filter decreases as the bridging
capacitance is increased. See figure 4 for an illustration of a 2 Pole — 2 Zero design.

A method used for realizing greater performance from a mechanical filter and still maintain a high stopband
attenuation level is to cascade two or more units. This method results in an addition of the attenuation
levels of each filter at any specific frequency.

The cascading is accomplished by using an active network to prevent interaction between the filters. The
network could be either a transistor buffer amplifier or an Op-Amp. See figure 7.
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Ry Cy.Cy — Bridging Capacitance
{optional)
~ AN-1  — Active Network
2-Pole Filter (customer supplied)
Cq C,
Rg I___”'__—'I [—_'_”—__]
Mechanical Mechanical
Filter AN-1 Filter

N

¢
»—l

Cascaded Filter with an Active Impedance Matching Network

Figure 7. Low Frequency Mechanical Filter Circuit Configurations

1.4 Applications for Low Frequency Mechanical Filters

Small size and low cost make the filters ideally suited for Omega navigation, selective calling systems,
telephone multiplex, telemetry, centralized control systems, Sonar, mobile radio and FSK telegraph
applications.

Low frequency mechanical filters can also be used to delay a signal by a specific amount. The delay of the
filter is inversely proportional to the bandwidth of the filter and directly proportional to the number of
poles, therefore, the delay can be accurately controlled. See section 2.5 for additional information.
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2.0 Characteristics of Low Frequency Mechanical Filters
2.1 Center Frequency Vs. Termination

In norma! applications of low frequencz mechanical filters, the resistive terminations (Rg and RL) shown in
figure 7, should not deviate more than Z 5% from the specified values. That is, the terminations affect the
actual center frequency to some extent. For example, if a filter with a nominal center frequency of 10 kHz
and a 50 Hz bandwidth has both its source and load resistances increased by 5% above the specified values,
the filter center frequency(E3H + F3L) will increase by .5 Hz. If Rgand R are changed (from the specified

value) in opposite directions, small changes (2% to 3%) are off-setting, and there is no center frequency shift.
For large variations {in opposite directions) in Rg and R, the effects are not completely offset, and the
insertion loss and passband ripple of the filter will increase.

Stray capacitance between the input/output terminals and ground should not exceed 50 pf. Additional
capacitance beyond this value will cause changes in insertion loss and center frequency. An increase to
150 pf will result in a .5 dB change in loss and a 75 ppm change in center frequency in the above example.

Deviation of Center Frequency — Hz

1 ]
0 2 4 6 8 10

Deviation of Termination — %

Figure 8. Variation of Filter Center Frequency with Resistive Termination
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2.2 Center Frequency Vs. Input Voltage Level

Low frequency mechanical filters remain very linear with drive level up to 0.5 v, at which point they rapidly
become non-linear. See figure 9. The shift in the center frequency at a ten volt level is enough to move
some filters out of specification. Also, along with the non-linear effects, excessive drive level causes time
dependent changes in the ceramic material. These changes cause the center frequency of the filter to be
lower after being driven at a high voltage level. Once the drive level is reduced the filter response begins

to return to its original frequency.

2.3 Differential Phase Vs. Input Voltage Level
The differential phase at the center frequency of a linear-phase equiripple (.5° error) filter is 0.5 degree over

an input level variation of 60 dB, namely —10 dBm to —70 dBm. The change in phase is due to a center
frequency shift caused by the nonlinearity of the input transducer.

2.4 Input to Output Level Linearity

The linearity of the output signal level to the input level at the filter center frequency is 0.1 dB over an
input voltage range of 60 dB (—10 dBm to —70 dBm).

o]
-50 r—
’g =
g
- -100
£ o
7]
g -150 -
7]
3 -
T
2
« —200 [~
—250
—-300 ] | ]
.001 .01 A 1 10

Input Level (Volts)

Figure 9. Variation in Center Frequency with Input Voltage Level
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2.5 Group Delay Response

The approximate group (envelope) delay for a mechanical filter can be determined from figures 10, 11, 12
and 13 as well as the following equation.

Group delay (sec) _ NGD NGD = Normalized Group Delay from figures 10, 11, 12, or 13
at center frequency = m gy 5 4o BWj3 4g = 3 dB Bandwidth (in Hz)
Example:

The group delay for a 2 Pole .1 dB Chebyshev filter which has a 40 Hz bandwidth is

N=2

NGD from figure 12 = 1.4 sec

Group delay = 14 - .011 sec = 11 msec

m 40

Normalized Group Delay, Sec
)
T
))
(X

Normalized Frequency

Figure 10. Group-Delay Characteristics for Linear Phase (Phase Error = .5°) Filter
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Normalized Group Delay, Sec.
-3
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Normalized Frequency

Figure 11. Group-Delay Characteristics for Chebyshev Filter with 0.01 dB Ripple
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Figure 12. Group-Delay Characteristics for Chebyshev Filter with 0.1 dB Ripple
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Figure 13. Group-Delay Characteristics for Chebyshev Filter with 0.5 dB Ripple
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2.6 Impulse Response
Figures 14 thru 17 can be used to approximate the impulse response ringing value of a mechanical filter.

A definition of ringing is the ratio of V4/V5 in percent.

For example:
A two-pole mechanical filter designed as a linear-phase filter has an impulse response ringing value

of 4%.
N=2
V4 = .02 from figure 14
Vo = .48 from figure 14
Yl X 100 = 02 X 100=4.1%
.48

Impulse response ringing = v

A three-pole 5dB Chebyshev design has an impulse response of 21%.
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r'S
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Time (0)

Figure 14. Impulse Response for Linear Phase (Phase Error = .5°) Filters
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Figure 15. Impulse Response for Chebyshev Filters with 0.01 dB Ripple
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Figure 16. Impulse Response for Chebyshev Filters with 0.1 dB Ripple
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Figure 17. Impulse Response for Chebyshev Filters with 0.5 dB Ripple

2.7 Sp'urious Responses

Mechanical filters have resonant frequency overtones very similar to those found in quartz crystals. These
overtones occur at multiples of the fundamental; the multiples are 2.4, 4.8, 7.6, 10.6, etc.

As an example, a mechanical filter designed for Omega navigation system applications at 10.2 kHz will have
spurious responses (frequency overtones) at 24,5, 49, 77.5 and 108 kHz.

These overtones are inherent to the flexure mode of vibration used in the design of low-frequency mechanical
filters. They cannot be suppressed without compromising the filter design. The odd-numbered modes, 2.4
_ and 7.6, are normally 50 dB below the fundamental. Suppression of these occurs because of the transducer
coupling method utilized to drive the fundamental mode. The even-numbered overtones, 4.8, 10.6, have
levels approximately 15 dB below the fundamental. These modes cannot be suppressedinternally, however,
a low-pass filter can be used to reject these higher frequency modes. Another alternative is the use of a
bandpass “roofing” filter. See figure 22. The ‘roofing’ filter will reject both the low frequency microphonic and
the high frequency spurious responses. It should be placed after the mechanical filter i.e., the incoming signal
should go through the mechanical filter first, then through the ‘roofing’ filter. In this way, the microphonic
responses are rejected as well as the spurious responses. The ‘roofing’ filter should be compatible with the
mechanical filter; it should not affect its passband response.
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2.8 Aging

Aging is defined herein as the change of center frequency with time. Since insertion loss and bandwidth do
not change an appreciable amount, they will not be considered.

The low frequency mechanical filter has four components and processes which are likely to contribute to
aging problems: the nickel-iron alloy bar, the ceramic transducer, the solder bond between the bar and
transducer and the welds that connect the coupling wires to the bars. When heat treated properly, the
nickel-iron alloy bar is very stable. Because its mass is much greater than any of the other components, the
stability of the bar helps to compensate for the instability of the ceramic and solder bond.

Since the aging characteristics of low frequency mechanical filters are dependent on the ratio of the ceramic
transducer mass to the nickel-iron alloy bar mass, the rate of aging for various types of filters is not only
dependent on the center frequency, but perhaps, to a greater extent, on the design bandwidth of the filter.
The narrower the bandwidth, the smaller the ceramic transducer need be. This means that the narrower band-
width filters will age, as a percentage of their center frequency, less than wider bandwidth filters at the same
frequency.

The aging rate of a mechanical filter is predictable and always in the positive direction. The aging (A f) of a
filter can be computed using the following equation, where ¢t is the time in days, BW is the 3 dB bandwidth
in Hertz and t,, is 10 days, the time required to manufacture a mechanical filter.

af= .02 BW (Log %)

For example: A 12 kHz filter which is 50 Hz wide at 3 dB after 5 years will have aged:

Af=.02 (50) Log 5%5—’ = 2.26 Hz

2.9 Reliability

The MTBF (mean time between failures) is 3 X 107 hours. This is based on field data which was accumulated
over a period of several years.

3.0 Environmental Effects
3.1 Temperature Effect on Center Frequency, Loss and Bandwidth

Design techniques for low frequency mechanical filters utilize compensating factors which minimize the
shift of the filter center frequency with a change in temperature.

The center frequency shift vs. temperature is normally compensated to a tolerance of * 10 ppm/°C over a
temperature range of —20°C to +65°C. The tolerance can be as high as *. 25 ppm/°C for the largest fraction-
al bandwidth filters. The filters may be used over larger temperature ranges, such as —55°C to +95°C with-
out any physical damage or permanent effect on the frequency response characteristics.

The variation of insertion loss with temperature is typically £ 1 dB (with a maximum variation of £ 1.5 dB)
over a temperature range of —20°C to +65°C. The narrower the filter bandwidth the smaller the insertion
loss variation.

Bandwidth normally changes very little with temperature in absolute terms. A typical variation for a filter
with a 100 Hz bandwidth would be 1.5 Hz over a temperature range of +25°C to +65°C. This is a bandwidth
shift of +375 ppm/°C.

The variations in center frequency, loss and bandwidth due to temperature change are temporary in nature;
the filter will return to its original condition when the temperature is restored to +25°C.
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3.2 Shock
A resilient rubber shock mount is used to isolate the mechanical filter structure from shock forces which

could cause damage. This mount allows the average filter to withstand 100 G, 6msec, shocks without a change
in the filter response. Certain mechanical filters can withstand 1500 G’s of shock before permanent damage

occurs.
3.3 Vibration

The internal shock mount, that so effectively isolates the filter from shock, also does an excellent job against

vibration forces. The average filter will safely withstand a constant 10 G vibration level between 10 to 2000 Hz.

At approximately 15 G’s the elastic limit is reached causing the filter to become permanently damaged.

Often it is not only impartant that a filter survive a specific vibration level, but it is also important that it
retains the proper response characteristics during the vibration. While the attenuation response shows
little change, there is some variation of phase and some microphonic effects during vibration. These are
important characteristics in applications like Omega navigation systems.

The variation of phase of an Omega filter as a function of vibration frequency is shown in figure 18. It will
be noticed that there is a peak deviation point around 400 Hz. The reason for the peak is that the entire
filter structure has a resonance at this point. This structural resonance also has an effect on the microphonic

noise level.

Unit 1

Unit 2

] Unit 3
g
a -0
= Phase Measured at Center
ﬁ Frequency (11.333 kHz)
2 3 dB Bandwidth 60 Hz
£ -0
-30 . ' : ' ™
10 30 100 300 1000 3000

Vibration Frequency {Hz)

Figure 18. Variation in Phase with External Vibration (10 G Level)
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Figure 19 illustrates the levels of microphonic responses of a 100 Hz bandwidth Omega filter. These levels
were measured while the filter was vibrated at a constant 5 G level over the frequency range of 50 to 4000 Hz.
The maximum output occurred at 525 Hz at a level of —50 dBv.

In applications where these levels are intolerable, special structural designs can be incorporated into the
equipment in order to dampen the vibrations around 500 Hz. Methods such as mounting the filter near a
brace or an equipment corner, using a low-Q rubber or elastomer as an external filter mount and other
vibration suppression techniques will help in limiting the phase shift and amplitude response microphonics.

A successful technique for attenuation of the low frequency microphonic responses is the use of a highpass
filter network. These filters are placed in the signal path between the mechanical filter and the detector.
Figures 20, 21 and 22 illustrate 3 types of filters which may be used to reduce microphonic responses.
They differ in the type and number of components required. The improvement in microphonic amplitude
response as a result of using these filters is presented in figures 23 through 26.

The filter circuit of figure 20 will attenuate the microphonic level by approximately 15 dB. It is a single
section consisting of 1 reactive component, however, it will not attenuate any spurious frequencies above
the filter passband.

The high-pass circuit of figure 21 cdnsists of 3 reactive components and will attenuate only frequencies
below 9 kHz. This LC circuit provides 60 dB of rejection at microphonic frequencies.

A “roofing” bandpass filter may be used to attenuate both the spurious modes at high frequencies and the
microphonic signals at low frequencies. One circuit which may be used appears in figure 22. The complexity
of this circuit is a function of how much attenuation is réquired by the user, i.e., additional sections provide
greater attenuation.

40

Vibration Level — 5 g's Constant Fo — 11.333 kHz, 100 Hz BW
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Figure 19. Omega Filter Microphonic Response
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3.4 Moisture Resistance

The four available low-frequency mechanical filter enclosures have been tested to MIL-STD-202, method 106.
This strenuous test is used to evaluate materials which are subjected to high humidity tropical environments.

The test consists of ten days at 90—95% humidity with the temperature being cycled from —10°C to
+65°C. At the end of each 24 hr. cycle, the filter enclosures are vibrated ata 9 G level.

Two enclosures, ‘LC’ and ‘FP’, passed the test without a change in the filter response or the enclosure.

Although the all-plastic 'LC’ enclosure passed the test, it should receive additional moisture protection,
such as “post coat”’, if the filter is to be subjected to this type of environment for a long period of time.
The additional moisture barrier is necessary because most plastics are permeable to moisture, therefore,

there would be an eventual effect on the filter response. No precautions need to be taken with the all-metal
‘FP’" enclosure.

The plastic ‘PA’ and ‘FS’ enclosures were also subjected to the above moisture test. On these, the epoxy
seal around the cases showed signs of degradation and cracking. Moisture apparently enters the filters
through the damaged seal, however, the filter response was unchanged and the filters functioned normally.
It is not recommended that these enclosures be used in tropical environments because of the possibility of

seal failure.
40
Vibration Level — 5 g's Constant Fo — 11.333 kHz, 100 Hz Bw with
RC Hi-Pass Filter on the OQutput
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Figure 23. Omega Filter Microphonic Response
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Figure 24. Omega Filter Microphonic Response
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Figure 25. Omega Filter Microphonic Response
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Rockwell-Collins Filter Products offers a complete set of mechan-
ical filters for the communication radio service. Either upper or
lower sideband filters plus a super-selective AM filter are available.
The unique design features of the original upper sideband filter are
incorporated into all three of these filters. You get the inherent
stability with time and environmental change of all Rockwell-
Collins Mechanical Filters, along with low volume prices. Here
is a very cost-effective package for the ultimate SSB and AM
radio.

These filters incorporate quality features that have made Collins
Mechanical Filters famous. The disk resonators are made from
specially processed Ni-Span *’C", so that filter frequency shift with
change in temperature is minimized. For example, over the tem-
perature range of -30°C to +50°C a typical value of total fre-
quency shift for the carrier side 3 dB point of a sideband filter
would be 45 Hz. Custor de ferrite transducers keep the inser-
tion loss low. Normal welded construction is used for the filter
assembly. The result is a trio of filters that are very stable with

time and/or temperature and have the high performance charac-
teristics needed for minimum interference operations.

The curves shown here illustrate the typical response character-
istics of the three filters. Even with the exceptional selectivity
and stability of these fine filters, they are competitively priced
in volume. Contact your local Rockwell Sales Representative and
find out how little it costs to use the best.

© Rockwell International Corporation 1980
All Rights Reserved
Printed in U.S.A.

Specifications subject to
change without notice
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DIMENSIONS {mm)

—

206 MAX
C ] i
51408
078 +0.12
4 PLACES
e A
o 'l 178 MAX

5.1:02 )
‘ ko o] sas;o,s‘
}

58 +0.8 = 59+ 02

70.6 MAX

FILTER TEST CIRCUIT

o o—
FILTER

-

FOR SIDEBAND FILTERS:
- = 2700 OHMS

FOR AM FILTER:
R - RI. = 12,000 OHMS

FOR ALL THREE FILTERS:
¢ - C, = 360pt

TYPICAL PERFORMANCE CHARACTERISTICS:

The filters were designed with the input balanced and the output
unbalanced, so that the radio designer can operate them in a balanced
modulator circuit {or any other balanced circuit). Either end may be
used as input (or output) but only one end is balanced. Both ends of
the sideband filters should be terminated with 2700 ohms resistance,
with the filter terminals shunted by 360 pf of capacitance. The AM
filter should be terminated with 12,000 ohms resistance and 360 pf
of capacitance.

Part Numbers are: 626-9897-010, USB
526-9939-010, LSB
526-9920-010, AM

FURTHER INFORMATION

For technical information on Rockwell filter products or to discuss a
filter to your specifications, contact

Rockwell International
Filter Products

4311 Jamboree Road
Newport Beach, CA 92660

Phone 714/833-4632 or contact your local Rockwell Representative.

Parameter Filter Type Min. Typ. Max. Units
3 dB Bandwidth USB/LSB 1.950 2,200 Hz
AM 5,000 5,500 Hz
60 dB Bandwidth usB/LSB 4,500 5,500 Hz
AM 11,000 13,000 Hz
Insertion Loss USB/LSB 35 8 dB
AM 8 12 dB
Passband Response Variation uss/LsB 1 3 dB
AM 25 3.5 dB
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DOCUMENT NO. FD-06
MARCH 1980

‘l‘ Rockwell FILTER PRODUCTS

DATA SHEET

F455FD SERIES LOW-COST MECHANICAL FILTERS

e " . . R
Rockwell-Collins” low cost F455FD-series of Mechanical Filters SA
takes full advantage of ad in manuf ing hniques to vy —0 o-
realize superior performance at a dest price for i f; ers Mechanica!

of SSB, AM and CW comm quip An additional Filter
o ::c2 snL

saving in cost is achieved by writing worstcase limit specification
requirements which are suitable for the intended applications,
and then over-designing the filters to minimize costly inspection
and test procedures. As an example, actual insertion loss values
are typically 5 or 6 dB, while the specified maximum is 10 dB.
Actual 60 dB to 3 dB bandwidth ratios are typically 2 to 1 while
the specified maximum ratios range from 2.3-to-1 to 3.3-to-1.
Actual response variation values are typically 1 to 1.5 dB, while (

the specified maximum is 3 dB. 0625

max
RECOMMENDED OPERATING PARAMETERS L m— T _.'_
Al seven of the filters in the FA55F D-series are designed to oper- T | 0100 +0.008 |
ate with 2,000-ohm source and load resistances, and need to be 20'3?5 0,008
parallel-tuned with a fixed capacitance, the value of which can | - 2200+ 0008 — =] 056 maxl—-——-
vary +5% from nominal with negligible effect on the filter per- 2.53 max
formance. This makes for easy and inexpensive assembly in

gr:;lll:::‘msradnos. The signal input voltage should not exceed Termination circuits should be designed to eliminate DC currents

and voltages from the filter. Satisfactory results may be obtained
with current up to 2 ma DC, but in no case to exceed 3 ma DC.
DC voltage should not exceed 100 volts DC.

0200

A common ground connection and effective shielding between
the input and the output must be used to obtain full advantage
of the Mechanical Filter's selectivity.

The filters are normally used inter-stage. Used in an IF stage of a
receiver, or the modulator stage in an exciter, the filter eliminates

the need for additional selectivity components, and permits sim- ENVIRONMENTAL SPECIFICATIONS

plified circuit design and production tuning procedures.

ShoCK. & v v v v e e e e e MIL-STD-202, Method 202
ELECTRICAL CHARACTERISTICS Vibration. . . ... ... .. .. MILSTD-202, Method 201
Operating Temperature Range (OTR) . . ... .. 10°¢C to +60°C
- - X . 1.C2
3dBBW | 4dB BW | 60 dB BW |60 dB BW | Res Cap
Partand Type | @25°C | OTR | @25 | OTR £5%
Numbers {kHz) (kHz) (kHz)} {kHz) (pf}
5269689010 | o0 | 000 a5 a0 250 COMMON CHARACTERISTICS:
F455FD-04
526.9630.010 1.2 1.2 8.7 95 350 Maximum Ripple Voltage
F455FD ° 3048
sssso1o0 | | s o o | o @25%C. e .
F455FD-19 ) - 3 - Operating Temperature Range (OTR)} . . ....... 4.0dB
’5:24@59?322210 25 25 65 7.0 510 Maximum Insertion Loss
626.9693.010 @25%C. ... 10.0dB
FA4S5FD-29 29 29 10 80 510 Operating Temperature Range (OTR) . . . ... .. 12.0d8B
?ig:gg‘sgw 38 18 2.0 100 1000 Minimum 60 dB Stop Band Range . . . ... 445 kHz to F60L
F60H to 465 kHz
526-9695-010
FassFose | 8 58 1o | 150 | 100 Rgand R, 46% . ... ....ooonoi e 200002

N

© Rockwell International Corporation 1980
All Rights Reserved
Printed in USA.

Specifications subject to
change without notice
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APPLICATION EXAMPLES

Transistor Amplifier

01wt

é 15K 470

t—i—

01,1 -[ 2N3251
_I 212»(
001.1 . 2N2222 Mechanical
' Filter
dc,
K K _l_o 1ul 2K, 5%
1K
L 12v 2V
_L 1K
= Io_\,l 1K 1K 8
2 3 5% 5%
Carrier Input r\/\s‘/\,— hi ! LBY gy 3 o
arrier Input g 4 4 N
SOmMVAMS o} —o1  MC159%6G —]—c, Mech L, " 703
Signal o MC1496G Filters 7 5 \

{nput o —o

10 &5 4

Tuf
01ut
6.8K I I
\ - - - -
Carrier -8V = =
Null Mechanical 1.C. Amplifier
1.C. Modulator Filter

MECHANICAL FILTERS/GENERAL INFORMATION

Disc Coupling Wire
Biasing Magnet

N

Disc Resonator

D)

Magnetostrictive
T

-
-
Impedance Transtorming Wire -~

Coil Losses Coil Inductance

Source

Resistance \

: [/ "
LYY WY WYY A

/ Coupling Wire Analogy

3

)

1

Resistance

)

Resonating Capacity

Disc Resonator Analogy

The Rockwell-Collins Mechanical Filter is a mechanically resonant
device which receives an electrical signal, converts this signal into
mechanical vibrations, rejects unwanted frequencies within the mechan-
ical structure, and then converts the mechanical vibration back into
electrical energy. The filter consists of three basic elements: {1) trans-
ducers which convert electrical signals into mechanical vibrations, (2)
high Q@ mechanically resonant metal discs, and {3) disc coupling wires.
The multi-element filter shown in the diagram iflustrates how the cen-
ter frequency is determined by the discs. Each disc is represented by
a parallel resonant circuit.

Applications for the wide range of standard filters include single side-
band, high performance transmitting and receiving equipment, multi-
plexing equipment, missile guidance systems, precision navigation
equipment, spectrum analyzers, FM communications receivers, CB
transceivers, and others.

FURTHER INFORMATION

For technical information on Rockwell filter products or to discuss a
filter to your specifications, contact

Rockwell International
Filter Products

4311 Jamboree Road
Newport Beach, CA 92660

Phone 714/833-4632 or contact your local Rockwell Representative.
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Rockwell Intemational ROCKWELL-COLLINS
’l‘ ockwel Internationa FILTER PRODUCTS

Disc-Wire Mechanical Filters
Standard Products and Specifications

Cntr. Typical | Typical | Source | Res Cntr. Typical | Typical | Source Res.
Freq P/B ]| Stopband| & Load Cap. |Func-} Cale Freq. P/B |Stopband| & Load | Cap. |Func-| Case
(kHz)| Part Number | (kHz/dB)| (kHz/dB)| K ohms| (pf) | tion | Style (kHz)| Part Number |(kHz/dB)| (kHz/dB) | Kohms |  (pf) | tion | Style
256 | 526-9700-010| 3.6/1.0 | 847600 | 50 LS8 455 | 526-9605-010|1.8530 | 50/60 | 1000 | 1300 |usB{ Fa
30 2697009 3 oo 350 Spec 455 | 526-9606-010[1.85/3.0 | 50/60 [1000 | 1300 |isB| Fa
526-9311-000(295/25 | 5.2/60 (1 110 | LSB LL Spec 455 | 526-9897-010| 2.1/30 [ 625/60 | 2.7 360 | USB| HS
300 | 526-9312-000| 2.95/25 | 5.2/60 | 1000 110 | UsB [L Spec 55 | 2260935010 21730 | oorea | 27 e lvsa| e
450 | 526-9963-010| 0.320/3.0] 12/60 | 50 180 | CW | HS 455 | 5259%7010] 23730 | 48760 | 10 20 Tuse] va
oy | 2&ooes 020l es0s0l 2180 | 80 270 | CW | HS 455 | 526-9870-010| 2.4/30 | 535/60 | 20 680 |uss| v
0 | 226-9963030) 1230 | 3160 | 5 110 | 8P| HS 455 | 526.9724-010 | 265/6.0] 4360 [ 20 | 700 |usB| Fa
26-9963-040| 3.4/30 | 6.0/60 [ 50 360 | BP | HS 455 | 526-9640-010 2.6/30 | 7.5/60 | 0750 | 130 |(sB| ¥
450 | 526-9963-060) 68/30 | 15/60 | 50 750 | BP ] HS 455 | 526-9641-010| 28/30 | 75760 | 0750 | 130 |use| v
450 | 526-9643-010( 60/60 | 230/60 | 200 3 [ 8P| Vv 455 | 526-9958-0103.15/3.0 | 4.9/60 | 50 270 | LSB| Hs
450 | 526-9643-030{6.75/6.0 | 23.0/60 | 200 0 fer| v 55 | 290.9959.010 |3 1090 | 490 | 29 R e I
450 | 526:9776-:010) 80/60 [310/60 | 200 30 | 8P Vv 455 | 526-9364-000| 3.0/30 | 60/60 [1000 | 130 | USB|v Long
450 | 526-9901-01012.35/60 | 4.0/60 | 200 3 juss) v 455 | 526-9365-000| 30/3.0 | 6.0/60 |100.0 130 | LSB | ¥ Long
450 | 526:0902-01012.35/6.0 | 4.0/60 | 200 3 _[LsB] v 455 | 526-9903-010| 32115 | 4940 | 20 30 [ise| Fp
450 | 526-9955-010( 28/3.0 [ 4.6/60 | 50 3 (uss} FD 455 | 526-9698-010| 3.0/30 | 4.8/40 | 20 30 |use| FD
450 [ 526-9956-010| 26/30 | 46/60 [ 50 30 LB} fD 455 | 526-9699-010| 30730 | 48740 | 20 3 [ise| fo
450 | 526-9923-010| 28/30 | 4560 | 50 30 [use| fD e | o ansaoo| aom | ava | 29 e e B
450 | 526-9924-010| 28/30 | 4560 | 50 % [ise| fo 152 | 2oa 0000010 300 | soes | 28 A s
450 | 526-9678-010/2.35/20 | 4 75/60 | 200 30 |use| v 155 | 596.9899.010] 3330 | 4700 | 20 v M
450 | 526-9679-01013.35/20 | 4 75/60 | 20.0 I - 455 | 526-9783-010| 63/30 | 8.7/50 | 20 30 |LsB| v
o | 2eosse-0i0] 8130 Sric0o| 20 A A 455 | s26-9784-010| 63730 | 87/50 | 20 30 |uss| v
455 | 526-9764-010{ 0.2/30 | 2.4/60 50 50 | cw v 500 | 526-9588-010| 0.8/3.0  30/60 | =10 }See Spec| CS |¥ Flange|
455 | 526-9689-01010.525/3.0] 3.5/60 20 30 | cw | fD 500 | 5269719010 {11530 | s6/60 L-ggw o | ep v
455 | 526-9484-000| 05/60 | 3.0/60 | 1000 130 [ Cw i FA 500 | 526-9717-010| 3.3/30 | 7.07%60 | 20 | 300 | BP | v
455 | 526.9521-000| 05/60 | 30/60 | 1000 130 | ow | v 200 | sanorir.020] 3930 | 1o | 20 | 20 | Bp | e
4 1 .5/3.! .5/ - -
15 | Seeareaocolosons | Som0 |00 He g I A 500 | 526-9378-000| 6.4/3.0 | 13.2/60 | 1000 | 1200 | BP | ¥
455 | 526-9770-010{1.175/3.0] 6.0/60 50 w0 | P v g ggggggg:g g-ggg ;38;23 fg 3%? gz \\;
G | 2o0690 010113530 | 800 | 20 | 350 | BP | FD 500 | 526-9663-010 18/2.0 |538/%60' | 200 | 160 | USB|Ytong
6-9495-000 {1.50/60 | 35/60 | 100.0 130 | BP | FA 500 | 526-9664-010] 1.8/2.0 | 5.38/60 | 200 160 | 158 | ¥ tong
158 | oasaaroon | ares | 2aso |20 e 1o S 500 | 526-9663-020| 2.3/3.0 | 4.30/60 | 200 160 | usB| FD
455 | Sp6.0a27.000| 51/80 | 5360 | 1000 | 1 | b | en 0 | s2ese0tolzsueo | 4ve0 | 39 | 180 | iSs| D
455 | 526-6766:010(2.25/30 [ 63/60 | 50 130 (8P [ v 500 | 526-9414-000( 27730} 6.1/60 | 1000 120 |use| v
455 | s2csms0010( 2880 [1175/70| 20 | 1500 | gP | v 0] reeireon] avmol Bies 1ioae o oleesl
4ss | 526-9692-010| 28/30 | 65760 | 20 510 | B | fO 7/30 1 6.
455 | 526-9904-01012.65/3.0 | 7.0/60 20 510 BP v 500 | 526-9616-010| 2.7/3.5 | 6.1/60 | 100.0 120 Lss v
455 | 526-9500-000| 2.3/3.0 | 6.2/60 | 100.0 130 BP | FA 500 | 526-9376-0001 3.0/3.0 | 5.8/60 | 100.0 105 fLSB| Y
500 | 526-9377-000| 30730 | 58/60 | 1000 105 |use| v
455 1526-9693-010{305/30 | 7.0/60 | 20 510 | BP | FD 500 | 526-9873-010|2.85/3.0 | 6.5/60 | 200 100 |UsB| va
prol Fra iy iid Ep ol I 2B DL B N A 500 | 526-9874-010|2.85/3.0 | 65760 | 200 | 100 |isB| va
455 | 526-9338-000| 3.1/60 | 6.5/60 | 1000 130 | 8P Y % ggggg"’?;g:g gggg gu‘;ﬁg 223—8 :gg Egg :
4! 9694-011 . X X | .3/3. . 1
55 [ 5269994 0101995/90 | 90/60 | 20 | 1000 | 8P | FD 500 | 526-9644-010|3.35/3.0 | 59750 | ‘10 20 |usB| v
455 | 526-9339-000| 40/60 | 6.5/60 | 100.0 130 | BP | ¥ 200 | Sooonisomlasean| 2o | 19 L s B
455 | 526-9639-010] 4.0/60 | 8560 | 0750 | 130 | 8P | ¥ 200 | seaoscror ] cenn levae | 10 2l v
455 | 526 9767-010| 4.0/30 | 120/60 | 50 a0 | P | v 6/3.0 | 6. .
455 | 526-9497-000] 4.0/80 | 85/60 | 1000 13 | Bp | Fa 500 | 526-9711-010] 63730 | 105/50 | 10 30 |LsB| v
455 | 526-9920-010| 5.5/3.0 | 13.0/60 | 120 360 B8P | Hs 500 | 526-9712-010] 6.3/3.0 | 10.5/50 10 3 _juss| v
455 | 526-9930-010 | 58/40 |120/63 | 30 | 820 | BP | YA j
455 | 526-9695-010(5.95/30 [14.0/60 [ 20 | 1100 [ BP | FD
455 | 526-8498-000 | 6.0/6.0 | 12.6/60 | 1000 130 [ep | Fa FURTHER INFORMATION
455 | 526-9522-001 | 6.0/35 | 25.0/60 | 1000 130 | ep | Fa
455 |526-9340-000] 6.0/6.0 | 12.6/60 | 100.0 130 | BP Y For technical information on Rockwell filter products or to discuss a
455 | 526-9773-010| 6.0/3.0 | 18.0/60 50 750 -1 v filter to your specifications, contact
435 | 5269341000 | 8.0/60 | 18.5/60 | 1000 130 | ep | v
455 | 526-9768-010| 8.0/3.0 | 24050 | 50 ss0 |8p | v .
455 | 526-9774-010[12.0/3.0 | 36.0/60 | 50 — |er | v R,""‘“",'";""’““'°""
455 | 526-9667-010 [ 15.0/6.0 [ 30.0/60 | 0500 [see spec] BP | T Filter Products
455 | 526-9343-000( 16.0/6.0 | 27.5/60 | 1000 w0 | 8P | Y 4311 Jamboree Road
455 | 526-9769-010|16.0/30 [ 300/60 | 50 | 100 | BP | v Newport Beach, CA 92660

or phone 714/833-4324 or 714/833-4544. To order, phone 714/
833-4632 or contact your local Rockwell Representative.
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Disc-Wire Mechanical Filters Case Styles

Case Style HS
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’l Rockwell International ROCKWELL-COLLINS
FILTER PRODUCTS

ot S Loy

Low Frequency Narrowband Mechanical Filters
Standard Products and Specifications

&
&
&P
o
oﬂ)
3.821 526-9714-010 52/3 204/23 1 2.5 2 33 +10/70 PA
3.821 526-9918-010 52/3 204/23 1 2.5 2 33 +10/70 LC
3.840 526-9886-010 45/3 163/20 1 25 2 33 +10/70 PA
5.182 526-9799-010 25/3 110/25 1 25 2 33 0/55 PA
5.182 526-9875-010 25/3 110/25 1 2.5 2 33 0/55 FS
5.328 526-9752-010 45/3 540/30 0.5 25 2 9.2 -20/85 FP
5.598 526-9801-010 25/3 110/25 1 25 2 30 0/55 PA
5.598 526-9876-010 25/3 110/25 1 2.5 2 30 0/55 FS
5.840 526-9803-010 25/3 110725 1 2.5 2 27 0/55 PA
5.840 526-9877-010 25/3 110/25 1 2.5 2 27 0/55 FS
5.920 526-9753-010 45/3 540/30 0.5 25 2 9.2 ~-20/85 FP
6.362 526-9754-010 45/3 540/30 0.5 25 2 9.2 -20/85 FP
6.622 526-9805-010 25/3 110/25 1 25 2 30 0/55
6.622 526-9878-010 25/3 110/25 1 25 2 30 0/55 FS
7.774 526-9800-010 25/3 110/25 1 25 2 30 0/55 PA
7.774 526-9879-010 25/3 110/25 1 2.5 2 30 0/55 FS
7.992 526-9755-010 45/3 540/30 0.5 25 2 9.2 -20/85 FP
8.398 526-9802-010 25/3 110/25 1 25 2 30 0/55 PA
8.398 526-9880-010 25/3 110/25 1 25 2 30 0/55 FS
8.761 526-9804-010 25/3 110/25 1 25 2 30 0/55 PA
8.761 526-9881-010 25/3 110/25 1 2.5 2 30 0/55 FS
8.880 526-9756-010 45/3 540/30 0.5 25 2 9.2 -20/85 FP
9.934 526-9806-010 25/3 110/25 1 25 2 20 0/55 PA
9.934 526-9882-010 25/3 110/25 1 2.5 2 20 0/55 FS
10.200 526-9775-010 8/3 100/40 0.5 7.0 2 18 0/60 FP
10.200 526-9965-010 9/3 400/60 0.5 7.0 2 30 -40/85 LC
10.200 526-9727-010 23/3 172/30 0.5 2.5 2 20 +10/40 FP
10.200 526-9964-010 25/3 400/60 0.5 25 2 30 -40/85 FP
10.200 526-9780-010 40/3 350/30 0.5 25 2 20 +10/40 FP
10.200 525-9861-010 70/3 420/25 0.5 2.5 2 20 -55/90 FP
10.200 526-9935-010 50/3 420/25 0.5 2.5 2 20 -20/90 LC
10.200 526-9946-010 100/3 660/30 0.5 35 2 20 0/60 LC
10.200 526-9916-010 12043 800/30 0.5 35 2 20 -55/85 FP
11.333 526-9965-020 9/3 400/60 0.5 7.0 2 30 -40/85 LC
11.333 526-9727-040 22/3 172/30 0.5 25 2 20 +10/40 FP
11.333 526-9964-020 25/3 400740 0.5 25 2 30 -40/85 FP
11.333 526-9727-030 46/3 344/30 0.5 2.5 2 20 +10/40 FP
11.333 526-9935-020 50/3 420/25 0.5 2.5 2 20 -20/90 LC
11.333 526-9861-020 70/3 420/25 0.5 25 2 20 -55/90 FP
11.333 526-9916-020 120/3 800/30 0.5 35 2 20 -55/85 FP
13.600 526-9965-030 9/3 400/60 0.5 7.0 2 30 -40/85 LCc
13.600 526-9964-030 25/3 400/40 05 25 2 30 -40/85 FP
13.600 526-9950-030 25/3 240/50 05 25 3 20 -20/65 LC
13.600 526-9727-020 28/3 210/30 0.5 25 2 20 +10/40 FP
13.600 526-9861-030 70/3 420/25 0.5 25 2 20 -55/90 FP
13.600 526-9935-030 50/3 420/25 0.5 25 2 20 -20/90 LC
13.600 526-9916-030 12073 800/3 0.5 35 2 20 -55/85 FP
16.000 526-9830-010 35/3 260/30 0.5 35 2 18 0/55 FP
17.000 526-9915-010 35/3 260/30 05 35 2 18 0/50 FP
25.000 526-9761-010 600/3 4000/25 1.0 35 2 5.6 0/60 FP
30.525 526-9763-010 400/3 4500/40 05 35 2 9.2 -10/50 FP
31.250 526-9762-010 600/3 4000/25 1.5 35 2 33 0/60 FP
39.250 526-9826-010 750/3 6000/30 20 35 2 8.2 0/60 FP
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Low Frequency Narrowband Mechanical Filters Case Styles

Case Style PA (Plastic) Case Style FP (Metal) Case Style LC (Plastic)
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1
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Case Style FS

060 +002 —*
Ground

—

Max
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FURTHER INFORMATION

For technical information on Rockwell filter products or to discuss a
filter to your specifications, contact

Rockwell international
Filter Products

4311 Jamboree Road
Newport Beach, CA 92660

or phone 714/833-4324 or 714/833-4544. To order, phone 714/
833-4632 or contact your local Rockwell Representative.
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ELECTRONIC DEVICES DIVISION REGIONAL ROCKWELL SALES OFFICES

(" HOME OFFICE
Etectronic Devices Division
Rockwell International
3310 Miraloma Avenue
P.O Box 3669

Anaheim, California 92803
(714)632-3729
TWX:910591-1698
UNITED STATES
Electronic Devices Division
Rockwell International
1842 Reynolds

Irvine, Calfornia 92626
(714)632-3710

DDD (714) 5456227
Electronic Devices Division
Rockwell International

921 Bowser Road
Richardson, Texas 75080
{214) 996-6500

Telex: 73-307

Electronic Devices Division
Rockwell International

10700 West Higgins Rd., Suite 102

Rosemont, lllinois 60018
(312) 297-8862

TWX: 910 233-0179 (RI MED ROSM)

Electronic Devices Division
Rockwell International
50018 Greentree
Executive Campus, Rt 73
Mariton, New Jersey 08053
(609) 596-0090

TWX: 710 940-1377

EUROPE

Electronic Devices Division
Rockwell International GmbH
Fraunhoferstrasse 11

D-8033 Munchen-Martinsried
Germany

(089) 859-9575

Telex: 0521/2650

Electronic Devices Division
Rockwell International
Heathrow House, Bath Rd.
Cranford, Hounslow,
Middlesex, England

(01) 759-9911

Telex: 851-25463

FAR EAST

Electronic Devices Division

Rockwell International Overseas Corp.

Itohpia Hirakawa-cho Bldg.
7-8, 2-chome, Hirakawa-cho
Chiyoda-ku, Tokyo 102, Japan
{03) 265-8806

Telex: J22198

Y YOUR LOCAL REPRESENTATIVE )




Electronic Devices Division
3310 Miraloma Avenue

P.O. Box 3669 ’ '
Anaheim, CA 92803

Toll Free (800) 854-8099 3
in California (800) 422-4230 Rockwell International
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