


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R24LL 2400 BPS Modem
(BE uT
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DIGITAL DIAGNOSTICS
INTERCHANGE A
CIRCUITS syYc
RCVDS
PE
R24LL Functional Block Diagram

FUNCTIONAL SPECIFICATIONS
Transmitter Carrler Frequency—1800 Hz + 0.01%

Echo Suppression and Answering Tone Frequencies—2100
Hz + 0.01% or 2025 Hz + 0.01%

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 error rate.

Data Signaling and Modulation Rate—The normal signaling
rate is 1200 baud * 0.01% and a data rate of 2400 bps +
0.01%. The fallback signaling rate is 1200 baud = 0.01% and

a data rate of 1200 bps = 0.01%.

2400 BPS
Transmitted Data Spectrum—ihe transmitted spectrum’s 1 Phase Change
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion
characteristics fall within the limits specified in CCITT Recom- Dibit V.26A v.268/Bell 20
mendation V.26 bis. The out-of-band signal power limitations 00 °: +45°
meet those specified by Part 68 of Tariff 261 of the FCC's reg- 01 +90° +138°
ulations and typically exceed the requirements of international 12’ +;§gﬂ :gfgo
regulatory bodies as well. +
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Data Encoding (DPSK)—At 2400 bps, differential 4-phase
modulation is employed. The data stream to be transmitted
divides into pairs of consecutive bits (dibits). Each dibit is encoded
as a phase change relative to the phase of the immediately pre-
ceding signal element. Two alternative arrangements of coding
are possible (in accordance with CCITT Recommendations V.26
and V.26 bis) as shown in the following chart.

Data Encoding
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00 +80°  +270°  +180°

ALTERNATIVE A
ALTERNATVER T4 H1E <228 wa
Reference Line Signal Dlagram (V.26 A&B)

At 1200 bps, differential 2-phase modulation is employed. Each
bit to be transmitted is encoded as a phase change relative to
the phase of the immediately preceding signal element. The
encoding Is In accordance with CCITT Recommendation V.26
bis as shown in the following chart.

Data Encoding
1200 BPS
Bit Phase Change
0 +90°
1 +270°

Turn On Sequences—The transmitter of the R24LL can gen-

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

Response Times of Clear-to-Send—The selected configura-
tion of the R24LL and its assoclated turn-on sequence deter-
mine the Clear-to-Send response times, as shown in the following
chart.

Scrambler/Descrambler—The R24LL Incorporates a self-
synchronizing scrambler/descrambler enabled by a discrete dig-
ital input.

Carrier Detection—The R24LL contains a received line signal
detector. This detector indicates the presence of energy at the
receiver input above a certain threshold for a minimum amount
of time.

Carrler Detect Thresholds
Recelved Level

Greater than ~43 dBm
Less than —48 dBm

Carrler Detect

On (line signal present)
Off (line signal not present)

Carrier Detect Response Time

Carrler Detect Transition

Response Time

erate a total of 13 selectable turn-on sequences, as shown in 8"':°:8: 1: i 13'“5
the following chart. n-to ms
Turn-On Sequences
Type of Total of
Line Signal Segment 1 Segment 2 Segments 1, 2
Turn-On Continuous Continuous Nominal Total Comments
Sequence Unscrambled Scrambled! Turn On Sequence
Number Ones Ones Time2
1 Oms Oms 0ms
2 6.67 ms 0ms 6.67 ms
3 8.33 ms 0ms 8.33 ms
4 30 ms 0Oms 30 ms V.28
5 8.33'ms 21.67 ms 30 ms (scrambler inserted)
6 90 ms oms 90 ms V.28, V.28 bis
7 8.33 ms 81.67 ms 90 ms (scrambler Inserted)
8 148.3 ms Oms 148.3 ms
9 8.33 ms 140 ms 148.3 ms (scrambler inserted)
10 220 ms 0ms 220 ms V.26 bis
1 8.33 ms 211.7 ms 220 ms (scrambler inserted)
12 800 ms oms 800 ms V.26 bis
13 8.33 ms 791.7 ms 800 ms (scrambler inserted)
Notes:

sequence.

1. See paragraph titled Scrambler/Descrambler for a description of scrambler/descrambler facility.

2. For those turn-on sequences in which the scrambler is inserted, the transmitted line signal corresponds to a continuous “one", unscrambled,
for 8.33 ms-ten baud (symbol) intervals, followed by the transmission of a continuous “one”, scrambled, for the remainder of the turn-on
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Clear-To-Send Response Times

Turn-On Clear-To-Send
o Response Times* o .
Number Off-to-On | On-to-Off
1 oms 0Oms
2 6.67 ms 0ms switched carrier
4-wire (BELL 201)
3 8.33 ms 0 ms switched carrier
4-wire
4 30 ms oms CCITT 4-wire
5 30 ms Oms CCITT 4-wire with
scrambler
6 90 ms Oms CCITT 2-wire
90 ms Oms CCITT 2-wire with
scrambler
8 1433 ms 0oms switched carrier
2-wire
9 1433 ms 0ms switched carrier
2-wire with
scrambler
10 220 ms 0Oms CCITT 2-wire
echo protection
1 220 ms oms switched 2-wire
echo protection with
scrambler
12 800 ms 0oms CCITT 2-wire auto
call
13 800 ms Oms CCITT 2-wire auto
call with scrambler
Note:
*The tolerance on -each Off-to-On and On-to-Off response
time is (+.9, —.1) ms.

Clamping Options—The following clamps are provided with
the R24LL.:

1. Received Data. The Received Data output is clamped to a
mark when Carrier Detect is off. This action prevents distur-
bances on the line from getting through the receiver circuit
to the data output. :

2. Carrier Detect Clamp. The Carrier Detect output is clamped
off (squelched) when Request-to-Send is on. An option
extends this clamp for 148 milliseconds beyond transitioning-
off, thus providing echo protection.

3. Receive Clock Clamp. The Receive Clock output is clamped
off when Carrier Detect is off. This action prevents any dis-
turbances from propagating through the receiver circuit to the
receive clock output.

7437

Equalizer—The R24LL contains a fixed compromise delay
equalizer which improves performance over the domestic
switched network. The equalizer may optionally be positioned
in the receiver or removed entirely by means of a jumper plug.
It has a nominally flat 0.0 dB amplitude response.

Test Pattern Generation—The scrambler/descrambler func-
tion can be used to implement a 127-bit test pattern feature. For
example, a constant mark input could be scrambled and trans-
mitted 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.

Receive Level—The R24LL receives line signals from 0 to —43
dBm.

Transmit Timing—The R24LL generates a Transmit Clock with
the following characteristics: Frequency—2400 Hz + 0.01%
(1200 Hz = 0.01% in fall back mode), duty cycle—50 + 1%.
The R24LL can also optionally track an External Transmit Clock
supplied by the user. Both have similar characteristics.

Receive Timing—The R24LL provides a data derived Receive
Clock output in the form of a nominal squarewave (50 * 1%
duty cycle). The timing recovery function can track a = 0.01%
frequency error in the associated transmit timing source.

Secondary Channel—The R24LL provides the user sufficient
flexibility to add an external secondary channel if desired. (A
secondary channel is a data transmission channel having a
lower signalling rate and occupying a different portion of the tel-
ephone line bandwidth than the primary channel. The primary
and secondary channels share the same transmission facility,
the telephone line.) Additional receive filtering to allow simul-
taneous operation of the secondary channel must be provided
external to the R24LL.

Transmit Level—The transmitted output line signal level of the
modem is —1.0 dBm = 1.0 dBm when the transmitter output is
terminated with a 600 ohm resistor in series. This applies to all
possible transmitted data patterns both at 2400 bps and 1200
bps, as well as to answering tone generation.

Answering Tone Generation—The R24LL can generate an
answering tone at 2100 Hz = 0.01% or 2025 Hz + 0.01%
(selectable) for 3.4 = 0.2 seconds under the control of an input
logic signal (CAUTO). The R24LL also provides a digital output
(TONA) indicating the conclusion of answering tone generation.

New Sync—Pulsing the New Sync (NSYNC) digital input forces
Carrier Detect Off and causes the R24LL to resynchronize rap-
idly on sequences of incoming messages. This feature is nec-
essary in some polling applications because the receiver
maintains the timing information of the previous message for
some time after it has ended—this may interfere with resyn-
chronization on receipt of the next message from a different
remote transmitter.
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Fast Energy Detector—A received line signal detector, the fast
energy detector’s output (RLSD) has the same threshold and
hysteresis characteristics as the Carrier Detect. For RLSD the
maximum turn-on time is 1.6 ms and the maximum turn-off time
is 6.6 ms (both times for Equalizer not inserted). Furthermore,
the RLSD output will respond to transient line conditions (no
momentary dropout or momentary-on glitch protection).

Baud Clocks—Symbol or baud timing is available for both the
transmitter and receiver functions. These signals have charac-
teristics similar to the data clocks’ except that their frequency
is equal to the signalling rate (1200 Hz + 0.01%). Transitions
on Transmitter Baud Clock and Receiver Baud Clock coincide
with Off-to-On transitions of Transmit Clock and Receive Clock,
respectively. For 2400 bps operation both baud clocks are low
for the first data bit in a baud and high for the second data bit.

Analog Loopback—The R24LL provides the flexibility to imple-
ment a variety of analog loopback schemes using a minimum
amount of external circuitry.

Eye Pattern/Data Quality Detector—The R24LL outputs dig-
ital signals (RCVDS, SYC, A) which the user can decode to
generate a quadrature eye pattern. The eye pattern is a visual
(oscilloscope) display showing the received signal as groupings
of dots in the baseband signal plane. It is useful as an incoming
modem test and product evaluation tool and as an indication of
a line condition in actual operation (useful for some network
control applications).

The modem also outputs digital signals (PE, SYC, A) which the
user can decode to generate a data signal quality detector. This
indicates if a reasonable probability of errors is received on the
data channel.

CONFIGURATIONS

The R24LL modem provides the user with a wide range of
modem functional configurations. Some of the possibilities are
described below.

Half-Duplex (2-Wire)—In a half-duplex application, the user
needs both transmit and receive capabilities (although not
simultaneously) on a 2-wire connection.

If a hybrid (4-wire — 2-wire) transformer is not employed as a
line interface device, REC IN would be strapped to T1 through
an external resistor, the user perhaps selecting this resistor to
produce a specific output impedance or to compensate for
losses in any line interface circuitry.

Digital interface connections. In a typical application, the user
controls basic modem operation through the digital signals T103,
T105, T106, T114, T104, T115, T109, and perhaps RBCK,
T113, or TBC. (T113 is used if transmit timing is to be locked
to the customer’s clock; TBC may be employed to minimize cer-
tain timing delays and is useful in some multiplexing operations).
A number of digital inputs can either be fixed (tied directly and
permanently to the +5V supply [high] or to signal ground or the
—12V supply [low] in accordance with the specific requirements)
or, if the user desires programmable flexibility, these signals can
be interfaced with his equipment. Signals of this type include
T111, V26A, 1, S8GR, K, Y, TC06, 800MS, E, T2W/4W, CP04,
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CP15, RW/4W, TH09, FSYC, TC09, and PBS. If answerback
or echo suppression tone generation capability is required, the
input CAUTO (which should be strapped low if not used) and
the output TONA are available. Implementation of the New Sync
function requires any new sync pulses to be inputted to NSYNC.
The outputs SYC, RCVDS, DCP, A, and PE can be used to gen-
erate eye pattern and phase error diagnostic information.

Analog interface connections. The GAIN-G1-G2 jumper (for
threshold set selection) should be in the proper location as
described in the table at the top of page 9. Note that input
impedance at REC IN is a resistive 15.8K ohms. If a 600 ohm
receiver input impedance is desired, an external resistor to
signal ground must be added. Take care when routing to REC
IN (for low level receive signal) from any telephone interface
circuitry. Also note that it is possible to insert the equalizer into
the receiver or not to insert it by use of the jumper on the board.
Implementation of a local analog loopback scheme could be
achieved in many ways. If the line interface connection as
shown in the diagram below is employed, the user can create
a local analog loopback simply by deactivating squelch. To iso-
late the telephone line during this loopback (no transmitted
line signal), additional circuitry must be added.

Full-Duplex—In a full-duplex application, the user needs both
transmit and receive capabilities simultaneously. A 4-wire line
connection is required.

The only differences with half-duplex are that REC IN is no
longer connected to T1 (the transmitter and receiver have inde-
pendent transmission paths) and the squelch function would be
deactivated (except during New Sync) by use of the input T2W/
4W.

Digital interface connection is the same as for the half-duplex.

Analog interface connections. With the exception of the 4-wire
line interface, analog interface connections are the same as
half-duplex. Implementation of a variety of local or remote analog
or digital loopback schemes requires the addition of a minimal
amount of external circuitry. '

RECEIVER TRANSMITTER
REC IN R m
A A
Jy EXTERNAL
v REGISTER

TO LINE INTERFACE
CIRCUITRY

R24LL Half-Duplex Mode
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INTERFACE CRITERIA

The R24LL interface signals are classified as digital interchange
signals and analog signals. The signals interface to the modem
user through the board edge connector.

Digital interchange Circuits—The characteristics of the R24LL
digital inputs and outputs are given in the following charts:

Digital Input Characteristics

Input Logic State Allowed Input Voltage Levels
Low =12V (Vpp) to 0.8V sinking <10 uA
High +4.0V (Vgg — 1V) to +5.0V (Vgg) sourcing
<10 uA

The digital inputs are directly CMOS compatible. The capacitive
loading on each input is 25 pF (maximum).

Digital Output Characteristics

Output Logic State Allowed Output Voltage Levels
Low 0.0V to 0.4V (—0.4V to +0.4V for RLSD)
sinking 0.36 mA
High +4.0V (Vgs — 1V) to +5.0V (Vgs) sourcing
100 A
The digital outputs are directly CMOS or low-power Schottky TTL
compatible.

Digital Interchange Circuits

Pin
Term Number Description

TONA P1-A5  Output indicating completion of
answering tone.

800MS P1-A6  Input affecting Clear-to-Send re-
sponse time.

TCO06 P1-A7  Input affecting Clear-to-Send re-
sponse time.

K P1-A8  Input affecting Ready-for-Sending
response time.

X P1-A9  Input affecting T109 Squelch.

CAUTO P1-A10 Input initiation transmission of an-
swering tone.

New Sync (NSYNC) P1-A13 Input affecting T109 Squelch.

CLAMP P1-A15  Input forcing squelch of T109.

Fast Energy P1-A17  Input generating T109.

Detector (RLSD)

Fast Sync (RSYC) P1-A18 Input determining whether fast
sync feature (fast resynchroniza-
tion upon recovery of received line
signal following momentary drop-
out) is enabled.

S8GR P1-A19 Input determining whether the

modulo 8 pattern guard will be in-
corporated into the scrambler
facility.

DCP

R2wW/4aW

Receiver Baud Clock
(RBCK)
PBS

THo9

Transmitted Data
(T103)
Clear-to-Send or
Ready-for-Sending
(T106)

Data Signalling Rate
Selector (T111)

Receive Clock
(T115)

E

T2W/4W

Y

Transmitter Baud
Clock (TBC)
A

THRH

V26A/B

CP15

RCVDS
SYC
PE
TCO09

CP04
External Transmit
Clock (T113)

Request-to-Send
(T105)

Received Data
(T104)

Transmit Clock

(T114)

Carrier Detect
(T109)

P1-A21

P1-A22
P1-A23
P1-A24
P1-A25
P1-A29

P1-A30
P1-A32

P1-A33
P1-B6
P1-B7
P1-B8

P1-B10

P1-B11

P1-B15

P1-B18

P1-B19

P1-B20

P1-B21
P1-B22
P1-B23

P1-B24
P1-B25
P1-B29
P1-B30

P1-B31

" P1-B33

P1-B24

Digital output enabling user to
generate eye pattern and phase
error diagnostic information.

Input affecting state of THRH
output.

For 2400 bps operation.

Input determining T109 On-to-Off
response time.

Input affecting state of THRH
output.

Input for digital
transmitted.
Output indicating readiness to ac-
cept data for transmission.

data to be

Input determining whether trans-
mitted data rate is 2400 bps or
1200 bps.

Output providing received signal
element timing information.

Inputs affecting Clear-to-Send re-
sponse time and T109 Squelch.
Input affecting Ready-for-Sending
response time and answering tone
frequency.

Output baud clock (1200 Hz).

Digital output enabling user to
generate eye pattern and phase
error diagnostic information.

Input determining whether scram-
bler is to be inserted.

Output used in conjunction with
carrier detect circuitry to imple-
ment T109 threshold set select
function.

Input selecting dibit encoding at
2400 bps operation as per V.26
Alternate A or V.26 Alternate B.
Input selecting optional clamping
of Receive Clock (T115).

Digital outputs enabling user to
generate eye pattern and phase
error diagnostic information.

Input determining T109 Off-to-On
response time.

Input determining T104 damping.
Input providing modem with trans-
mitted signal element timing
information.

Input to transmitter.

Digital data output from modem
receiver.

Output providing user with trans-
mitted signal element timing
information.

Output indicating presence of sig-
nal energy on receiver line.

Note:

The following P1 connector pin locations should be left open and unconnected:
A4, A1, A12, A14, A16, A20, A35, B1, B12, B13, B14, B17, B32, and B35.
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Data Structure Tone Generation
Input Inputs Outputs
Data Signalling Data Structure CAUTO Y TONA

Rate Selector V26 A/B (P1-A10) (P1-B8) (P1-AS5) Transmitted Signal

(P1-A32) (P1-B19) Low Don't Care High | Normal Operation
Low Low 2400 bps Alternate A High High High | 2100 Hz Answering Tone
Low High 2400 bps V.26 Alternate B High Low High | 2025 Hz Answering Tone

(Bell 201C) High Don't Care Low | Normal Operation
High Don't 1200 bps
Care

Selection of Clear-To-Send Response Times

Clear-To-Send
Response Times
Inputs (ms)
Turn-On Y 800MS K TC06 T2w/awW | E
Sequence (P1-B8) (P1-A6) (P1-A8) (P1-A7) (P1-B7) (P1-B15) (P1-B6) Off-to-On On-to-Off
1 Low High Don't Care | Don't Care | High Low Don't Care 6.67 0
2 High High Low High High Low Don't Care 8.33 0
3 High High Low Low High Low Don't Care 30 0
4 High High Low Don’t Care | High High Don't Care 30 0
5 High High Don't Care | High Low Low Low 90 0
5 High High High High High Low Don't Care 90 0
6 High High Don't Care | High Low High Low 90 0
6 High High High High High High Don't Care 90 0
7 Low High Don't Care | Don't Care | Low Low Don't Care 148.3 0
8 Low High Don't Care | Don't Care | Don't Care High Don'’t Care 148.3 0
9 High High High Low Don't Care Low Don'’t Care 220 0
9 High High Don'’t Care | Don't Care | Low Low High 220 0
9 High High Don't Care | Low Low Low Don't Care 220 0
10 High High High Low Don't Care High Don't Care 220 0
10 High High Don't Care | Don’t Care | Low High -~ High 220 0
10 High High Don't Care | Low Low High Don't Care 220 0
11 High Low Don’t Care | Don't Care | Don't Care Low Don't Care 220 0
12 High Low Don't Care | Don't Care | Don't Care High Don't Care 800 0
Note: The tolerance on each Off-to-On and On-to-Off response time is (+0.9, —0.1 ms).
Carrier Detect Squelch
Inputs
X T2w/aw : E T105 NSYNC | . Squelch Status
(P1-A9) (P1-B7) (P1-B6) (P1-B30) (P1-A13)
Don't Care Don't Care Don’t Care Don't Care Low Squelch
Don’t Care High Don’t Care Don't Care High No Squelch
Low Low Don’t Care Don’t Care High No Squelch
High Low Don'’t Care High High Squelch
High Low High High—Low High Extended Squelch
High Low Low High—Low High No Extended Squelch

Notes:

“Squelch” means that Carrier Detect (T109) is clamped off regardless of the level of received line signal. During squelch, CLAMP

(T-13) is a low impedance to ground. For normal operation (no squelch) CLAMP (T-13) is in a high impedance (“open drain”)
state.

When “extended squelch” is enabled, squelch occurs both when Request-to-Send (T105) is On (High) and for 148.3 ms (+0.9,
—0.1 ms) following the On-to-Off (High to Low) transttion of T105.
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Carrler Detect Threshold Selection

Gain Selected
THRH Strap Threshold Set
High Impedance G1 —-43 dBm, -48 dBm
High Impedance (c}] -33 dBm, -38 dBm
Low Impedance Q1 or G2 -26 dBm, —31 dBm
to ground
Galn must be shorted to elther G1 or G2.
THRH Operation
Input
THRH
THO9 R2w/4aW
Low Low High Impedance
High Low High Impedance
Low High High Impedance
High High Low Impedance

THRH Is an open-drain driver representing either a low imped-
ance to ground (<500 ohms) or a very high Impedance state.

Scrambler/Descrambler
Input
Scrambler/Descrambler
! S8AR Configuration

(P1-B15) (P1-A19)

Low Don't Care No Scrambler

High Low Scrambler V.27 bis, ter
(modulo 8 pattern guard)

High _High (no modulo 8 pattern guard)

Analog Interface Circults—The analog interface circuits of the
R24LL defined in the following chart provide the power, the
switched network connections, and a means for the user to
monitor the incoming line signals.

Analog Interface Circuits

Pin
Term Number Description

+12V P1-B5, B9 +12V Power Supply

-12v P1-A1 —12V Power Supply

+5V P1-A2, B2 +5V Power Supply

COMMON P1-A3, A31, B3 | Ground (signal and power
return)

T P1-A34 T1 Is the low impedance
transmitter analog output (line
signal). The T1 allows the
user the flexibility needed to
customize his output imped-
ance (to compensate for
transformer losses, for in-
stance).

SECONDARY IN | P1-B4 Secondary channel Input
from the DTE.

REC IN P1-B36 Recelve filter input. Input
Impedance Is a resistive 15.8
K ohms = 1%.

Audio Interface—The audio interface includes the R24LL's
interface with the transmission network.
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The recelver and transmitter line Interfaces are single-ended
(non-transformer coupled) signals with the following charac-
teristics:

Transmitter Voice Frequency Output T1
1. Output Impedance: Impedance of Op-Amp

2. Maximum Output Level: <0.0 dBm as measured per the fol-
lowing diagram using a true RMS
meter.

LOW PASS
FILTER

TO TRUE RMS
MOTOR

|
|
|
|
|
t 800 + 1%
|
|

Recelver Voice Frequency Input REC IN
1. Input Impedance: 15.8K ohms = 1% resistive
2. Maximum Input Level: <0.0 dBm

The output level at the R24LL line Interface is less than —60
dBm In the frequency band of 1 Hz to 12 Hz when the modem
is not transmitting. A period of 100 milliseconds is required for
the line interfaces to stablize following power turn-on.

Low impedance voice frequency output T1 satisfies applications
interfacing with lossy transformers or hybrids. The characteris-
tics of T1 output are:

a. Output Impedance: Essentially zero ohms when loaded to
ground with greater than 400 ohms
(resistive). This is a direct output from an
operational amplifier.

b. Minimum Load: =400 ohms (resistive) as measured between
T1 and signal ground.

PERFORMANCE DATA

The R24LL Is a high performance synchronous 2400 bps DPSK
modem. It utilizes a coherent demodulation technique to achieve
reliable operation over the switched network or unconditioned
lines.

Timing Jitter—The maximum steady state timing jitter of
Recelived Clock with respect to Transmit Clock is less than 10%
p-p for an input signal-to-noise ratio of 12 dB.

Bit Error Rate—The following graph represents typical R24LL
performance.
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SIGNAL TO NOISE RATIO (DB)

1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER
2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER
NO EQUALIZER'
2400 BPS, V.26A OR B, 15°~150 HZ PHASE JITTER, NO
SCRAMBLER, NO EQUALIZER
. 2400 BPS, V.26A OR B, 30°-120 HZ PHASE JITTER, NO
SCRAMBLER, NO EQUALIZER
. 2400 BPS, V.26A OR B, 3002 UNCONDITIONED LINE,
NO SCRAMBLER, EQUALIZER

POy

L

Typical Bit Error Rate Performance

4 5 6 7 8 9 10 11 12 13 14 15

Phase Error—Phase error can be measured with the modem’s
output signals PE, SYC, and A. With an external test circuit, a
numerical value can be derived to indicate the quality of received
data and then directly correlated to bit error rate performance.
The required test circuit can be implemented with discrete cir-
cuitry or in software within a microcomputer.

Eye Pattern—By using the modem’s digital output signals
RCVDS, SYC, and A along with an added test circuit, the user
can generate an oscilloscope quadrature eye pattern. This pat-
tern displays the received signal as a group of dots in the base-

band signal plane: it is a graphic representation of modem
performance.
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1073 '
1 ¥ DISPERSION
Y 1 DUE TO GAIN
—@ ERRORS
@ZIYY TN
- DISPERSION DUE
\ \ \ TO PHASE ERRORS
L® ® \ \’/® DISPERSION AROUND
1074 Y { CIRCLE REPRESENTS PROPER POSITION DUE
= SE= SN, Feioouans rss
5 1\ \\ ‘f HIGH QUALITY SIGNAL EAROR, AND/OR GAIN
b \VAY \ ERROR.
g \ \ Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A)
: \ \
\ \ \ \ \ Phase error and eye pattern can be extremely useful for modem
108 \ - \ acceptance testing, product evaluation, and observation of line
“‘ Jl‘ ‘} ‘§ signal quality under actual operation.
101 1
\‘ \‘ A \‘ RECOMMENDED MATING CONNECTORS
\ ‘ The R24LL connector mating contacts are not gold covered;
\ \ therefore, a high quality gas-tight card edge connector should
always be used to maintain reliable operation. Rockwell rec-
10-¢ ommends the following in order of preference:

1. Burndy GTBH Series
2. Continental 6100-200 Series
3. Elco 00-6307 Series

POWER REQUIREMENTS

Maximum
Voltage Ripple Current
+5 VDC = 5% 100 mV p-p 102 mA
+12 VDC = 5% 50 mV p-p 64 mA
-12VDC = 5% 50 mV p-p 142 mA

ENVIRONMENTAL SPECIFICATIONS

Operating Temperature: 0°C to 60°C
Storage Temperature: —40°C to +80°C
Relative Humidity: to 90% (non-condensing) or a wet bulb tem-

perature up to 35°C, whichever is less.
Altitude: —200 to 10,000 feet (—61 meters to 3,049 meters)
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INTRODUCTION

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

Having Bell 201 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 minimum 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 and 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 func-
tionally 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.

R1 and R2 modules are used to
implement a complete receiver
function.

Simplex — Receive only:

Half Duplex (2-Wire): Requires both transmit and receive
functions (although not simul-
taneously), therefore, all three
modules are used.

Full Duplex (4-Wire): Requires both transmit and receive
functions simultaneously, again all
three modules are used.

FEATURES:

LSI high density; low power

2400/1200 bps modes
Transmitter-Differential phase shift keying
Receiver-Coherent phase detection

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)
Outstanding performance over unconditioned lines
LSTTL/CMOS compatible digital interface
Fixed compromise equalizer
V.27 compatible scrambler/descrambier
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.

R24 Integral Modem

Document No. 29200N01
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R24 2400 bps Integral Modem
INTEHCONNECT INTERCONNECT
MODULE R24-R1
RECEIVE COMPROMISE CARRIER
= ———m e mm = = = = == - ———
" -
HOLD/DAC MOS/LS!
XTAL RECEIVER ‘__J DECISION kK——D1conTroL
OSCILLATOR % MOS/LS| e OATA
MODULE R24-T
TRANSMITTER TRANSMITTER
ANALOC ((fmmmmmmm A TTENUATOR [ [ bASS DAc pevice o 0TA
FILTER ! CONTROL
TRANSMITTER =D
* VRer
TRANSMITTER
XTAL OSCILLATOR
CONTROL INTERCONNECT
R24 Functional Diagram
TECHNICAL DESCRIPTION 2400 BPS
DIBIT PHASE CHANGE
Transmitter carrier frequency — 1800 Hz +0.01% V.26A V.26B/Bell 201
i " 00 0° +45°
Echo suppression and answer tone frequencies — 2100 Hz o o
0.01% or 2025 Hz +0.01% o1 190 135
£0.01% 2 £0.07% 11 +1800 +2250
10 +270° +315°
Received signal frequency tolerance — The receiver can
adapt to received fr'equ.ency errors up to + 10 Hz with less than ALTERNATIVE A o .
a 0.5 dB degradation in bit error rate. +90 +270° +180°

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 Recom-
mendation V.26 bis. The out-of band signal power limitations
meet those specified by Part 68 or Tariff 261 of the FCC’s regula-
tions, and typically exceed the requirements of international
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 preceding 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:
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A A AN ALALA
VAVAVAVA\VAV.VAV

ALTERNATIVE B 1450

+135° +225° +315°

i

Line Signal Diagram (V.26 A & B)

At 1200 bps, differential two-phase modulation is used. Each
bit is transmitted at a relative phase change to preceding signal
element in acordance 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 transmitted within 6 milliseconds.
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Ready for Sending (T106) Response Times — These response
times are determined by the modem configuration selected and
its associated turn on sequence.

Turn On Ready for Sending
Seq Resp Configuration and
Number Time Carrier 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
[ 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
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
12 800 msec CCITT — 2-Wire Auto Call with
Scrambler
Response Time tolerance (+0 9, -0.1) msec

Scrambler/Descrambler — As a selectable option, the scrambiler/
descrambler may be inserted into the transmitter/receiver path.
The purpose of this scrambler is to ensure that the line signal
will evenly span the allocated bandwidth. This minimizes pat-
tern 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 selec-
table threshold levels.

Set 1 (V.26 bis, switched  Greater than -43 dBm = ON
network) Less than -48 dBm = OFF
Set 2 (V.26 bis, switched  Greater than -33 dBm = ON
network) Less than -38 dBm = OFF
Set 3 (V.26, leased line) Greater than -26 dBm = ON
Less than -31 dBm = OFF

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

Carrier Detect
Transition Response Time
OFF ro ON 6+1ms
(connection) 1441 ms } Selectable
ON to OFF 8+3ms
il
{removal) 22 £3 ms } Selectable

Receive Level — The modem receives line signals from 0 to
-43 dBm.
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Transmit Timing — The modem generates a Transmit Clock
(T114) having the following characteristics: Frequency —
2400 Hz +0.1% (1200 Hz +.01% in faliback mode), duty cycle
— 50 + 1%. The modem is also optionally capable of tracking
an External Transmit Clock (T113) supplied by the modem user.
T113 has similar characteristics to T114.

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% frequency error in the associated
transmit timing source.

Transmitter Output Levels — This output can be strap con-
trolled in 2 +0.2 dB steps from -1 dBm +1 dB to -15 dBm
+1dB.

Answer Tone Generation — The modem generates a selec-
table 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 disabling tone.

Equalizer — As a strap option, the modem contains a fixed com-
promise delay equalizer which can be used to improve perfor-
mance over unconditioned schedule 3002 lines. This option is
normally positioned in the receiver, but it can be repositioned
in the transmitter or bypassed entirely. It is designed to com-
pensate for the mean of the range of group delay distortions
generally encountered in the United States. Its amplitude
response is nominally flat at 0.0 dB.

Test Pattern Generation — The scrambler/descrambler func-
tion 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 incor-
rect 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 support the 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 selec-
table constant (space or mark) when “‘Carrier Detect’’ is off,
to prevent disturbances on the line from getting through the
receiver to the data output.

2) Carrier Detect (T109) Clamp — This output may be clamped
OFF (squelched) in a 2-wire applications during the time when
“‘Request to Send”’ (T105) is on. An additional option extends
this clamp for 148 msec beyond T105 transitioning off, pro-
viding echo protection. o

3) Receive Clock (T115) — This clock output can be clamped
OFF when “Carrier Detect” is off, thereby preventing any
disturbances from propagating through the receiver to the
receive clock output.




R24

2400 bps Integral Modem

SYSTEM DESIGN

The R24 modem modules provide the user with sufficient flexibility
to implement a wide range of modem functional configurations.
This flexibility is achieved by digital control at the module inter-
faces. For a given application, such as a lease network V.26
Alternative B modem (Bell 201B), the complexity of the user inter-
face can be significantly reduced by strapping those data inter-
face 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 full-duplex.

COMMON MODEM DIGITAL
CONTROLS

V26A
|

SBGR
NSYNC
fae———> CLAMP

TRANSMITTER
DIGITAL CONTROLS

CAUTO

+5V +12v —12v COM
4 ] l
T 171

b

~

ANALOG <12
TRANSMITTER(T)

4 TONA
ﬁ - .l TBC
L. z
TRANSMIT  TFiL DACOUT ToWi4wW
LEVEL CONTROL DIGITAL X
- INTERCHANGE K
T103 Y
-jien oo
T106 800MS
-5dBm E
~7dBm TN
T113
—-9dBm
- 11dBm T4
- 13dBm
- 15dBm
Figure 1. Transmitter Interfaces

12v -12v COM g
M s o [V GAINrgﬂ G2
T T T

ANALOG
RECIN RECEIVER (R1) )
1
RECOUT
[RLSD] [THRM
T N DIGITAL
EaouT 4:_, sol ’ﬁg. ) INTERGHANGE
RECEIVER ( RBCK| acel T104
DIGITAL -~ EQIN | TN
CONTROLS | g > T115
R2wiaw RECEIVER (R2) COMMON MODEM
TPHBOSS ) L | | DIGITAL CONTROLS
CPO4 — 15 V26A
CP15 +5V 412V =12V Gom TANALOG DIAGNOSTICS ]
FSYC o%? ANALOG SVC S8GR
ROVDS NSYNC
oCcP CLAMP
A

PE

Figure 2. Receiver Interconnection

MODEM OPERATION —
HALF OR FULL-DUPLEX

Figure 3 indicates the module interconnections necessary for
half-duplex operation. For full-duplex operation, the transmitter/
receiver interconnections 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 transmission and receiver paths are
independent. *
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As shown, a transformer is sufficient to connect directly to a
leased line in the U.S. For the switched network, registered pro-
tective circuitry or a data access arrangement (DAA) is generally
required. Rockwell offers an FCC registered protective circuitry
product to support this application. Requirements for line inter-
face and protective circuitry vary internationally.

TO LEASED REC RECEIVER DIAGNOSTICS
LINEOR N
TOSWITCHED le=s RECENVER
NETWORK 3" -ég_ CONTROL
FroreeTe —ovamon
V26A
CLAmP T111 COMMON
S8GR  MODEM
) CONTROL
CLAMP NSYNC
5 ol2] TRANSMITTER
I:E.I’_ TRANSMITTER (T) CONTROL
OPTIONAL
RESISTOR le— DATA(T103)

Figure 3. Transmitter-Receiver Interconnection (Half
Duplex)

Secondary Channel — The modem modules provide the user
with all the interface connections needed to add an external
secondary channel if required. 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 simultaneous
operation of the primary and secondary channels.

Analog and Digital Loopback — To check out or diagnose the
communication link, loopback testing is often performed. A test
word is transmitted and “‘looped’’ back to the originating DTE.
Typical types of loopback tests are:

() LocALDIGITAL  (3) REMOTE ANALOG

(2) LoCALANALOG  (2) REMOTE DIGITAL

MODEM MODEM
N xmiT S/ ~N RCVR \

DTE --4@ -———® DTE
/ RCVR "' ;L /7 xmiT |=/

COMMUNICATION
CHANNEL

DTE — Data Terminal Equipment

The modem modules provide the user with all the necessary inter-
faces connections to implement almost any loopback scheme
desired. With a minimum amount of external circuitry, loopback
testing can be controlled via a 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.
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INTERFACE DESCRIPTION

STANDARD DIGITAL INTERCHANGE

Term
(CCITT V 24 EIA RS232C __Module Interface

Equivalent) Equivalent nput 5u'pu!

Description

T103 BA
T104 BB
T105 CA
T106 cB
T109 CF
T111 CH
T113 DA
T114 DB
T115 DD

T-9

T-8

Transmitted Data
R2-5 Received Data
Request to Send

T-6 Ready for Sending
(Clear to Send)

R2-22 DataChannel Received Line
Signal Detector (Carrier Detect)

Data Signalling Rate Selector
Selects 2400 bps or 1200 bps
Mode

External Transmit Clock
(Transmitted Signal Element
Timing)

T-10  Transmit Clock (Transmitted
Signal Element Timing)

R2-6 Receive Clock (Receive Signal
Element Timing)

ANALOG LINE INTERFACES

Module Interface

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

Impedance

COMMON MODEM DIGITAL CONTROLS

Module Interface
Term nput utput

D

T-16
VA Ro13

! {HTz'?f 2

T-17
SBGR {Hz- I
NSYNC  T-14

R2-11

CLAMP  R2-10

T-13

Selects V 26A or V 26B Dibit Encoding

Controls for Scramble Operation

Controls T109 to Force Rapid
Resynchronization of the Receiver

Implements Squelch for Carrier Detect
(T109)

TRANSMITTER DIGITAL CONTROLS

Module Interface

Term npu utpu Description
CAUTO T3 Imitiates Answer Tone
TONA T.5 Indicates Completion of Transmission
of Answer Tone
TBC T-4  Transmitter Baud Clock
z T-28 Input Forcing Transmit Clock (T114) to

T2W/I4W - T-11
X

T-24

K T-25

Y T-26
TCO06 T-27
800MS T-29
E T-30

Phase and Frequency Lock to External
Transmit Clock (T113)

Inputs Affecting Ready for Sending
Response Times, Answer Tone Frequency
and Carrier Detect (T109) Squelch

TRANSMITTER ANALOG CONTROLS

Module Interface
n|

Term put utput
DACOUT T-22  Output of Digital to Analog Converter
TFIL T-23 Input to Low Pass Filter DAC OUT 1s
Normally Connected to TFIL Unless
Additional Filtering or an Equalizer is to be
Inserted
TIN T-31 These Nine Signals Implement the
—1dBm T-39  Transmitter Output Level Attenuator One of
—3dBm T-38 theSignals — 1dBm, , —15dBm s
—5dBm T-37  Strapped to TIN to Set the Desired Output
~7dBm T-36  Level
—9dBm T-35
-11dBm T-34
—13dBm T-33
—15dBm T-32

RECEIVER DIGITAL CONTROLS

Module Interface
Term Input utput

Description

RBCK R1-1 R2-25

THRH R1-3 R2-23

RLSD  R2-24 R1-2}

R2W/4W  R2-8
THO9 R2-18
TCO09 R2-15
PBS R2-16
CP04 R2-17
CP15 R2-19
FSYC R2-20

Receiver Baud Clock

Control Signals to Generate Carrier Detect
(T109) and Implement T109 Threshold Set
Select Function

Determines Carrier Detect (T109) Off-to-On
Response

Determines Carrier Detect (T109) On-to-Off
Response

Clamps Recelved Data (T104) to a mark
or space when Carrier Detect (T109) 1s Off

Optional Clamping of Received Clock (T115)

Fast Sync Optional Fast Resynchronization
Procedure

RECEIVER DIGITAL DIAGNOSTICS

Module lmgrlgge
Term Input utput

Description

SYC R2-1
RCVDS R2-2
DCcP R2-4
A R2-3
PE R2-7

Digital Outputs which Enable User to
Generate Eye Pattern and Phase Error
Information

RECEIVER ANALOG CONTROLS

Module Interface

Term nput Output

Description

RECOUT R1-7

EQIN R1-8
EQOUT R1-6
RLSDIN R1-5
AGCIN  R2-21
AGC OUT R2-26
GAIN R1-10
G1 R1-11
G2 R19

IANALOG R2-27
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Receive Filter Ouput

Equalizer Input
Equalizer Output

Carrier Detect Circuttry Input
Automatic Gain Control Circuitry Input
Automatic Gain Control Circuitry Guiput

Optional Carrier Detect (T109) Threshold
Selection Controls

Sample and Hold Circuitry Input
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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.

Timing Jitter — The maximum steady state timing jitter of
“‘receive clock” with respect to “‘transmit clock” is less than 10%
p-p for an input signal-to-noise ratio of 12 dB.

Bit Error Rate — The following graph represents typical R24
performance:
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SIGNAL TO NOISE RATIO (DB)

1200 BPS, BACK TO-BACK, SCRAMBLER, NO EQUALIZER

100 BPS, V 26A OR B, BACK TO BACK, SCRAMBLER, NO EQUALIZER
2400 BPS, V 26A OR B, 150-150 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER
2400 BPS, V 26A OR B, 30° 120 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER
2400 PBS, V.26A OR B, 3002 UNCONDITIONED LINE, NO SCRAMBLER, EQUALIZER

2

Typical Bit Rate Performance

Phase Error — Phase error can be measured by using the
modem’s output signals PE, SYC, and A. With an external test
circuit, a numerical value can 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 can be
implemented with discrete circuitry or in software within a
microcomputer.

Eye Pattern — By using the modems digital output signals
RCVDC, SYC, and A along with an added test circuit, the user
can generate an oscilloscope quadrature eye pattern. This pattern
displays the received signal as a group of dots in the baseband

signal plane; hence, it is a graphic representation of modem
performance.
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DISPERSION
DUETO GAIN
ERRORS

DISPERSION DUE
TO PHASE ERRORS

DISPERSION AROUND
PROPER POSITION DUE
CIRCLE REPRESENTS TO COMBINATION OF
PROPER POSITION OF

RANDOM NOISE, PHASE
ERROR, AND/OR GAIN
ERROR

HIGH QUALITY SIGNAL

Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A)
Phase error and eye pattern can be extremely useful for modem

acceptance testing, product evaluation, and observation of line
signal quality under actual operation.

ELECTRICAL CHARACTERISTICS

POWER REQUIREMENTS

Maximum
Module Voltage Ripple Current
T +5 Vdc £5% 100 mV p-p 38 mA
+12 Vdc £5% 50 mV p-p 16 mA
-12 Vdc £5% 50 mV p-p 48 mA
R1 +12 Vdc +5% 50 mV pp 23 mA
-12 Vdc £5% 50 mV p-p 16 mA
R2 +5 Vdc +5% 100 mV p-p 64 mA
+12 Vdc £5% 50 mV p-p 25 mA
-12 Vdc £5% 50 mV p-p 78 mA
Maximum total power consumption approximately 3 watts.
Typical total power consumption approximately 2 watts.

DIGITAL INTERFACE
The R24 provides LS TTL or CMOS compatible logic levels that
are functionally equivalent to EIA RS232/449 and CCITT V.24.

Input

Logic Allowed Input Voltage Levels
Low -12.0V to +0.8V Sinking <10 uA
High +4.0V to +5.0V Sourcing <10 A

Digital inputs are directly CMOS compatible. interfacing with
standard TTL or low-power Schottky TTL requires an external
pull-up resistor.

Output
Logic Allowed Output Voltage Levels
Low 0.0V to + 0.4V Sinking 0.36 mA
High +4.0Vto +5.0V Sourcing 100 A

Digital outputs are directly CMOS or low-power Schottky TTL
compatible.
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TRANSMISSION LINE INTERFACE

The R24 provides an analog interface that must generally be
transformer coupled to ensure normal telephone line isolation.
Through appropriate selection of transformers and other inter-
face circuitry, the R24 can be configured to operate on leased
or dial-up telephone lines, or on other special private networks.
For the dial-up interface, Rockwell offers an FCC registered
module that allows direct connection to this network. For the
leased line interface, only transformers with characteristics
similar to those utilized on the R24 modem evaluation board are
required for this connection.

The receiver and transmitter line interfaces are single-ended
(non-transformer coupled) signals with the following
characteristics:

Transmitter Output (Normal)

Output Impedance: 600 ohms +2%
Maximum output level: <0.0 dBm

Transmitter Output (Alternate) Low Impedance:

Output Impedance: 0 ohms (op amp output)
Maximum output level < +6.0 dB

Note: This output for transformer loss compensation.
Receiver Input:

Input Impedance: 15.8K ohms + 1%
Maximum Input Level: 0.0 dBm

MECHANICAL SPECIFICATIONS

300 MAX 2400 »~| 3441.005
(COMPONENTS) |
:_ ___________ ]
« - ey

’ i I 1 o 1 ‘
s
275+ 03 080 = -
MAX

(LEAD PROTECTION)

NOTE: This cross-section is common to all modules.
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]: 18258 aav e % :I
-326 16) [ COM (20) -326
(8.26) 14) NSYNC 5V (21) (8.26)
13) CLAMP DAC OUT (22)
12) 711 TFIL (23)
11) T2W/74W X (24)
10)T114 K (25)
9 T10 Y (26)
8)T10 TCO8 (27)
7)T113 Z(28)
6) 7106 800MS (29)
5) TONA E (30)
4) T8C TIN (31)
j_ 3) CAUTO 15dBm
- ) T. 13dBm
- nm 11dBm
s
.100 m
B
(254) Siom (381
TYP. 1dBm (39)
\ T N )
025 (.64) SQ. PIN
39 PLACES
Transmitter Module Package
T—,_ —— ~N s
(8.26)
G2( 9) &
1025 GAIN (10) +
(26.04) G1 (1) j
RECIN (12)
(8) EQ IN
1oy
L 1.900
<+ (5) RLSD IN -
:A; T109 (48.26)
t (3) THRH
-+ (2) RLSD
‘ B (1) RBCK
100
(2.54)
TYP 12V (13)
£12v(14)
cOoMm (15) B
~— 7
025 ( 64) SQ. PIN

15 PLACES

Receiver — R1 Module Package

f [4 N 326 I
AGC IN (21) @ (8:26)
.800
T109 (22
120.32) THRH (23)
RLSD (23) 1
- (
1?8{ e AGC OUT (26) 1
(18) THO9 IANALOG (27) A
(17) CPO4
(16) PBS
(15) TCO9
8 e 2800
(13)
e (63 50) 3530
(11) NSYNC
[ (10) CLAMP ] (89 66)
(9T MAX
( 8) R2ws/aw
(7P
( 6)T115
( 5)T104
( a)DCP
1 (3
-+ ( 2)RCVDS
TR com b ]
@9 t
-100 T12v(30) +
(2 54) -12v (3 @
TYP Li
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2400 bps Integral Modem

PRINTED CIRCUIT BOARD MOUNTING
OPTIONS FOR THE R24 MODULES

Three methods of mounting are commonly used. Each configura-
tion has certain distinct advantages.

Mounting
Method

Type of Connection
or Connector Used

Basic
Advantage

Standard Flush
PCB Component
Mount

Above Board
Low Profile
Socket

PCB Plug-in
Sockets (Bullets)

Wave Soldered Into Standard
PCB Eyelets

Connectors (SAE Serles
3000 or Methode Series 1000)
These Sockets are Wave
Soldered Into Standard

PCB Eyelets

Connectors (AMP Minlature
Spring Sockets.)

Pin Sockets are Individually
Soldered Into PCB Eyelets

Lowest Height
Profile

Plug-in Capa-
bility at Low
Cost

Lowest Pro-
file for Plug-in
Capability

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

Ordering Information

When ordering, specify products as follows:

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

To facilitate evaluation and design-in of the R24 modem for new
and existing equipment designs, an R24. Modem Evaluation
Board (R24MEB) is available. The R24MEB can be easily com-
bined with terminal systems for real-time performance
evaluation.

RECEIVER

TRANSMITTER

R24 Modem Evaluation Board (R24MEB)

The Modem Evaluation Board is equipped with a standard 31
pin edge connector, 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
a U.S. leased line configuration. The R24MEB is recommended
for all first-time users to assist in their evaluation. Complete
documentation is supplied with each initial R24MEB.
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Integral Modems
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Rockwell

ROCKWELL DATA ACCESS
ARRANGEMENT MODULE

RDAA

PRELIMINARY
SECTION 1 — INTRODUCTION

This document is an aide to customers installing, operating and
troubleshooting the Rockwell Data Access Arrangement (RDAA)
Module designed and manufactured by Rockwell International.

THE RDAA MODULE

The RDAA Module enables the modem user to make direct con-
nections of their modems to the domestic switched telephone
network. The RDAA is completely registered with the Federal
Communications Commission under Rules Part 68. Therefore,
no user re-registration of OEM data communication equipment
is necessary when used with the RDAA. This means a definite
cost-savings for the OEM equipment designer.

In addition to establishing your desired data transmission path,
the RDAA also features an automatic answering function, line
surge and hazardous voltage protection, switch hook status
indication, ringing indication and automatic signal level control.
Automatic dialing can be performed by pulsing the OH relay or
by transmitting tone pairs.

FEATURES

e Pre-registered (under FCC Rules, Part 68) for direct connec-
tion to dial telephone network ’

Integral Data Access Arrangement (DAA)

Automatic dialing—pulse or tone

Establishes data transmission path

Automatic answering function

Surge and hazardous voltage protection

Switch hook status indication

Ringing indication

Automatic line signal output limiting

Programmable or Permissive (strap selectable) connection
arrangements

e Small size (approximately 3.95” by 3.94”) (100 mm. by
100 mm.)

RDAA Module

Document No. 29220N49

Product Description Order No. 649
August 1983
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The RDAA is easily incorporated into the users end product by
either using the provided mounting holes, and/or using the card-
guides without card-edge connector. The small size of the RDAA
makes it ideal for piggyback type mounting.

The Rockwell RDAA printed circuit board is 3.94 inches (100
mm.) in width and 3.94 inches (100 mm.) in depth.

SELECTABLE CONFIGURATIONS

As a prerequisite, telephone companies require that the signal
level received at their local central office not exceed —12 dBm.
Several different connection arrangements have been estab-
lished (as documented in the FCC Rules, Part 68) to meet this
requirement.

By jumper selection (Figure 1) the RDAA can be configured to
operate in either the Programmable (PG) or Permissive (PM)
connection arrangement. This is accomplished by placing the
jumper in either the W2 or W1 locations for the desired mode.
W1 jumper in, W2 jumper out for the permissive mode. W2
jumper in, W1 jumper out for the programmable mode.

3.94 3.275

w2

o W1o

oooo000O
Q000000

Figure 1. RDAA Module Jumper Selection Location

When using the Programmable connection arrangement, the
maximum signal level allowed to be transmitted across T and
R is set by a resistor installed by the telephone company in their
wall jack (RJ45S or RJ418S) at the customer location. The resistor
interacts with the RDAA through the leads PR and PC to pro-
gram the maximum output level in one dB steps between —12
dBm and 0 dBm. Selection of the resistor from thirteen possible
values is based on loop loss measurements performed by the
telephone jack installer. The Programmable arrangement pro-
vides for the transmission of the maximum allowable amount of
power. Therefore, this arrangement offers optimum perfor-
mance over long loops.

When the Permissive connection arrangement is employed, the
maximum signal output level across T and R is fixed at —9 dBm.
The Permissive jacks (RJ11C) used for line connections are the
same jacks used for standard voice installations. Therefore, this
arrangement provides for greater mobility of user equipment.

RDAA DIMENSIONS

The dimensions for the RDAA Module are given in Figure 2.

MATING CONNECTORS
The mating connectors of the RDAA are as follows:

1. Two row (14 pins) ribbon type connectors .1"” spacing between
pins.

3.94 .
f¢————— ——- - 3.70 e
.125—)‘ -—
D
394 3275
o W2
Wi ©
00co0000 0000000
Q000000 0000000 ®

Figure 2. RDAA Module Dimensions
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SECTION 2 — INTERFACE DESCRIPTION
INTERFACE CIRCUIT DESCRIPTION

The following paragraphs describe in detail the RDAA interface
circuits shown in the block diagram (Figure 3) and the interface
circuits listing (Table 2-1).

PR )
PC)—
T1 4
600 OHM
Ry ——3 F°_—§ ™ LS <
|
"> ! NS
R >
i o e
azanooys t
CONTROL PROTECTION
—< OH
RING SIGNAL
DETECTOR AND LEVEL
BUFFER LIMITER ‘——T<SG
y =
- RD/
v ¥
———————<Reer
+12V ) cugg:rﬁﬁoc’uLGH j con
-2V >—
+5V Y
i }———w\.—{} - SH
MIC }——————AN—
Figure 3. RDAA Functional Block Diagram
g
Table 2-1. RDAA Interface Circuits
Signal Direction To:
Lead Designation User RDAA Both Function
R T X Transmission leads for data signals.
MI, MIC X Leads to telephone set switch hook
PR, PC X Leads to programming resistor.
+5V, +12V, —12V X DC power required.
SG X ‘ Signal ground required.
RD/ X Ringing signal present indication.
RCCT X To request data transmission path cut through.
OH X To control Off-Hook relay
SH X Status of telephone set switch hook.
cCcT! X Transmission path cut through indication.
TXA X Lead to modem output.
RXA X Lead to modem input.
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SG

The SG (Signal Ground) is the common reference for all modem
interface signals.

RD/

RD/ (Ring Detect) indicates to the user by an ON (Low) condi-
tion that a ringing signal is present. The RD/ signal will not
respond to momentary bursts of ringing less than 125 ms in dura-
tion, or to less than 40V rms, 15 to 68 Hz appearing across Tip
and Ring with respect to ground. RD/ is also used to disable
the transmission path. The electrical characteristics of the RD/
signal are shown in Table 2-2.

Table 2-2. Output Signals RD/
SH and CCT/ Characteristics

Output
Logic State Output Levels
Low 0.0 to 0 4V while sinking < 1.6 ma
HIGH 2.4 to 5.0V while sourcing < 40 A
RCCT

RCCT (Request Coupler Cut-Through) is used to request that
a data transmission path through the RDAA be connected to
the telephone line. When RCCT goes OFF (Low), the cut-through
buffers are disabled and CCT will go OFF (High) within 1 millisec-
ond. RCCT must be OFF (Low) during dial pulsing but ON (High)
for tone address signaling. The electrical characteristics of the
RCCT signal are shown in Table 2-3.

Table 2-3. Input Signals RCCT and OH Characteristics

Input
Logic State Input Levels
OFF or LOW 0.0 to 0.8V, load current < 0.36 ma
ON or HIGH RCCT = 2.0 to 5.0V, load current < 20 na

OH = 2.0V, load current < 100 ua

5.0V, load current < 250 ua

OH

OH controls the OFF-HOOK relay. Applying an ON (High) signal
to OH closes the OH relay and establishes a DC path between
T and R. Maximum delay between the ON signal to OH and the
close of the OH relay is 10 ms. When originating a call, an ON
(High) signal is used to request dial tone. After detecting dial
tone, OH can be pulsed to generate the dial pulses corre-
sponding to the number of the called station (see Section 4.2).
On incoming calls, an ON (High) signal to the OH lead initiates
the answering sequence (see Section 4.1). The characteristics
of the OH signal is shown in Table 2-3.

7-154

NOTE

WARNING. If OH is asserted to a logic high before the
incoming call ring signal is completed, the OH reed relay
switch contacts may suffer degradation.

SH

An ON (High) sigrial on the SH lead indicates to the user that
the associated telephone (if used) is in the talk mode i.e., a con-
tact closure exists between Ml and MIC. The characteristics of
the SH signal are shown in Table 2-2.

CCT/

CCT/ is the Coupler Cut Through. An ON (Low) signal to the
CCT/ lead indicates to the user that the data transmission path
through the RDAA is connected. The ON (Low) state does not
indicate the status of the telephone line or connection. The
characteristics of the CCT/ signal are shown in Table 2-2.

TXA

TXA (Transmit Analog) is the lead from modem transmitter out-
put. This lead should be tied to GND when the modem is in the
receive only mode.

RXA

RXA (Receive Analog) is the lead to modem receiver input. This
lead may be left open when the modem is in the transmit-only
mode.

POWER REQUIREMENTS
The following power must be provided at the RDAA interface.

A. +12VDC +5% @ 15 ma with a maximum ripple of 50 mv
peak-to-peak

B. +5VDC +5% @ 20 ma with a maximum ripple of 100 mv
peak-to-peak

C. —12 VDC * 5% @ 15 ma with a maximum ripple of 50 mv
peak-to-peak.

HAZARDOUS VOLTAGE PROTECTION

Lightning induced surge voltages and other hazardous voltages
are limited to 10.0 volts peak between the secondary leads of
the coupling transformer T1. The isolation between the relay
contacts and coils provides the protection of the telephone line
from hazardous voltages appearing on any control lead.
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RING DETECTOR AND TIMER

When the Ring Detector detects the presence of a ringing signal
ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS
across Tip and Ring (T and R) leads, after a delay of 125 ms
to 500 ms, it will send an RD/ (Ring Detect) signal to the user’s
data terminal equipment (DTE). If the DTE is conditioned for
answering, the DTE will return an ON signal on OH and RCCT.
The OH signal closes the OH relay and starts a timer. The timer
is used to provide a quiet interval of more than two seconds
between the closing of OH relay and the connection of data
transmission path. This allows the telephone company to prop-
erly engage their billing equipment. After this delay the CCT/
interface lead goes ON (Low) and data transmission may begin.

RD/ will go OFF (High) in less than 400 MSEC after the ringing
signal is stopped. The ring detector is disabled when OH is ON
(High) or SH is ON (High).

SIGNAL LEVEL LIMITER AND GAIN
CONTROL CIRCUITRY

The limiter monitors the signal level applied to the RDAA input
lead TXA and is unaffected by the level of receive signal. When
the applied signal amplitude becomes greater than + 7 dBm for
a period of 1.3 to 3 seconds, the transmission path is discon-
nected via the transmit and receive buffers, and the output signal
CCT/ will go OFF (High).

NOTE

The off-hook relay is not affected by the imiting function,
therefore, so triggering the limiting function need not result
in call termination.

Reducing the input signal amplitude to less than +7 dBm will
reset the limiter in less than 4 milliseconds, restore the data
transmission path, and cause the signal CCT to go ON (Low).

In order not to activate the limiter during normal operation, care
must be taken to ensure that the maximum signal amplitude into
the RDAA input TXA never exceeds +6 dBm. If the modem
output has a tolerance of = 1 dB, then it is recommended to set
the modem output to +5 dBm (= 1 dB), so that the maximum
signal amplitude into TXA is 6 dBm.
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The output control circuitry contains a variable gain buffer which
reduces the RDAA output to the maximum allowed level across
T and R. When the RDAA s jumpered to operate in the Pro-
grammable mode, the resistor in the telephone company wall
jack sets the output level to one of thirteen possible values. If
the RDAA is jumpered to operate in the Permissive mode, then
an internal resistor will set the output to a fixed value. The rela-
tionship between the RDAA input amplitude (in dBm) across
TXA and GND and the nominal RDAA output level across T and
R is given below:

A. For Programmable mode: output level across T and R =
(input amplitude at TXA —7 dB + (Programmed level set by
wall jack resistor).

B. For Permissive mode: output level across T and R = (input
amplitude at TXA) — 16 dB.

IMPEDANCE SPECIFICATIONS

On-Hook DC: The DC resistance between T and R,
and between either T or R and signal
ground are greater than 10 megohms
for DC voltages up to 100 volts.

On-Hook AC: The on-hook AC impedance
measured between T and R is less

than 40K ohms (15.3 Hz minimum).

Off-Hook DC: Less than 100 ohms.

Off-Hook AC: 600 ohms nominal when measured

between T and R.

TXA and GND: 2 megohms typical (operational
amplifier voltage follower input

impedance).

RXA and GND: 75 ohms typical (operational amplifier

voltage follower output impedance).

INSERTION LOSS

There is no insertion loss for the RDAA. The RDAA contains a
receive buffer which compensates for transformer insertion loss.
For this reason, additional receive buffering is not necessary.
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SECTION 3 — INSTALLATION/CHECKOUT

RDAA CONNECTION TO TELEPHONE LINE

Connection of the telephone line interface pins of the RDAA to
the network shall be made via standard jacks and plugs as
shown in Figure 4. Cable color codes are also shown in Figure
4. A number of telephone line cord manufacturers produce the
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir-
ginia Plastics, Roanoke, VA, etc.)

TELEPHONE SET AND JACK
ORDERING INFORMATION

If it is desirable to have manual call origination or alternate voice
capability, an exclusion key telephone set may be ordered from
a local telephone company. The telephone line may be trans-
ferred to the telephone set by lifting both the handset and the
exclusion key, if the telephone is configured as Data Set Con-
trols Line. This operation is for manual origination or alternate
voice transfer (refer to paragraph 4.4 for manual origination pro-
cedure). A call may be terminated by replacing the handset in
its cradle and taking OH low if OH is not already low.

L < Pl m
2 2 T0 JACK
—— (—‘3 SUCH AS L3
3 BLACK =) RJ3BX
~ € m SHOWN ON L
" 4, L8 RED R FIGURE 32, e
5 \: )s GREEN RDAA
! [ e YELLOW !
¢ & mic — [P P U . — -
U pal BROWN PR MINIATURE |
N erosimon | 1A 2L 3 A/L s] e | sack Ru6X
8 8 SILVER . JACK N N
—— - — ———
Usoc STANDARD STANDARD FDAA PROGRAMMABLE
RJA5S PLUG CABLE MODE -———— ==
JACK MINIATURE
sposimon | N PPN AN A |
pPLUG 1] oz 3| af 85| e
, ‘ Lol 2|2 2| = |—
2 3 L2 BLACK mi mic
3 L3 RED M
R—~———(‘ <. . o TO RDAA
REEN
T— € T
5 ¢ 5 YELLOW wie
5 6 TO MINIATURE 6 POSITION JACK
E— =
- 12 3 4 5 6
usoc STANDARD STANDARD RDAA PERMISSIVE AN ﬂ\ AANAN
RIIC PLUG CABLE MODE i
JACK |
| ADAPTER
1 RIA2X
R |
T 2 I
3
< |
4 RJA1S IS A UNIVERSAL JACK WHICH
N CAN BE UTILIZED WITH EITHER 112 3)\4 5] © 1/\2/ 3/\ 4 L 5/ 6
s THE PRO E MODE OR
o N FIXED LOSS LOOP (FLL) MODE
7 r
| N A |1VAA~»4~:
8 llz 3|4l s 6|_J| :_1|z 3| 4] s el_J
L2222 2 [ et g g Pt
RJd1S 6 POSITION 6 POSITION
JACK MINIATURE PLUG MINIATURE PLUG

Figure 4. Standard Jacks, Plugs and Cable Color Codes
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The ringer of the telephone set may be disconnected by the
telephone company to prevent the bell from ringing.

The telephone company provides an exclusion key telephone
under the Universal Service Order Code (USOC) RTC. This tel-
ephone set has the following customer options:

. A1 - Telephone set controls line

. A2 - Data set controls line

. B3 - Aural monitoring not provided

B4 - Aural monitoring provided (See Note 1)

C5 - Touch tone dial

. C6 - Rotary dial

. D7 - Switch hook indication

. D8 - Voice mode indication only (See Note 2)

I ®@mMmMmooO w»

NOTES

1. The aural monitoring feature allows the telephone
handset to be used for listening to line signals without
interfering with data transmission.

2. Inthis option the make contact of the exclusion key and
a make contact on the switchhook are connected in
series and to the mode indication leads Ml and MIC of
the data jack. Therefore, the SH signal of the RDAA
goes ON only when the exclusion key is lifted.

When ordering this telephone, specify the USOC number RTC
and the following options:

A. A2 - Data set controls line

B. B3 - Aural monitoring not provided
or
B4 - Aural monitoring provided

C. C5 - Touch tone dial telephone (503C)
or
C6 - Rotary dial telephone (2503C)

D. D8 - Voice mode indication only

Another telephone set provided by the telephone company is
the Model 502 with exclusion key. To order this telephone set,
specify the following:

A. Modem 502 with exclusion key

B. Data set controls line

A summary of the information for ordering telephone and jacks

is given in Table 3-1. Examples of typical installation are given
in Figure 3-2.

Table 3-1. Telephones and Jacks Ordering Information

Output Optional FCC Ringer Telephone Jack Telephone Set
Configuration Telephone Set Reg. No. Equivalent USOC No. USOC No.
Programmable With AMQ9SQ .88 'RJ36X and RTC or 502

Telephone Set 67943 2.3RJ458 with exclusion key
DP-E

Without AMQ9SQ .88 23RJ458 N.A.

Telephone Set 67943
DP-E

Permissive With AMQSSQ .88 'RJ36X and RJ16X RTC or 502

Telephone Set 67943 or with exclusion key
DP-E “RJA2X and RJ11C

Without AMQ9SQ .8B RJ11C N.A.

Telephone Set 67943
DP-E

Notes:

1. RJ36X is an 8 position miniature jack into which the telephone plugs. Rather than using an RJ36X jack, the telephone company may use a
connecting block to connect the telephone set and data jack to the telephone line.
2. RJ41S is a universal data jack. It may be used for either Programmable or Fixed-Loss Loop mode. The RJ45S jack is preferred, because it

costs less.

3. For multiple connections, the RJ45M jack should be ordered. The letter M indicates multiple single line jack for up to 8 lines. Specify the number
of lines required when ordering.
4. RJA2X ic the adapter shown in Figure 2-1. The use of the RJ3EX and RJ16X jacks is recommended.
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TO DTE
OH RCCT RD/ SH CCT/
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R — R TXA T
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" 3 mic! RDAA MODEM [—"> TO DTE
2
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pC INPUT
STANDARD
MINIATURE
PLUG
Ryzex?
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1
< X NETWORK
& 5% o1
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E ; 28
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N
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BRIDGING
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NOTES:

Popa

IS IN THE PERMISSIVE MODE, THE RJ,
ASSOCIATED TELEPHONE SET.

Mi AND MIC ARE REQUIRED ONLY IF HANDSET IS USED.

PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY.

. STANDARD TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S OR RJ41S.

RJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS USED. WHEN THE RDAA

IA2X ADAPTER AND RJ11C OF FIGURE 4 MAY BE USED WITH THE

Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex)

MODEM INTERFACE

There are 4 possible two-wire modes of operation configura-
tions: receive-only, transmit-only, and receive and transmit (half
duplex) and full-duplex (using two different frequencies simul-
taneously) as described below:

A. For the half-duplex and full-duplex configurations, the inter-
face connection circuitry could be as shown in Figure 5.

B. For the receive-only configuration, the connection circuitry is
the same as that shown in Figure 5, except that the RDAA
input lead TXA is grounded rather than connected to the
modem transmitter output.

C For the transmit-only configuration, the RDAA lead RXA is
left open rather than connected to the modem receiver as
shown in Figure 5.

For a 4-wire full-duplex configuration, 2 RDAA modules and 2
telephone lines are required. The connection circuitry consists
of one 2-wire receive-only connection, and one 2-wire transmit-
only connection.
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MODULE MOUNTING AND SECURING

The RDAA may be physically incorporated into the OEM's end
product by using the four corner (0.156 inch diameter) mounting
holes and self-locking plastic standoffs, or by bolting the RDAA
module to a rigid structure. The RDAA module may also be
mounted using card guides without card edge connector.

A number of manufacturers such as Richlock Corporation, Chi-
cago, IL., produce plastic standoffs (Part Number CBS-3N).

ELECTRICAL INTERFACE

Electrical connection to the RDAA module is made through
ribbon type connectors. The connector(s) interface pins (Figure
2) are contained on the component side of the board. There are
two test points brought out to the interface connector of the
board. Therefore care must be taken to prevent shorting test
points with any of the other interface signals.

The RDAA telephone line interface connector pins are physically
separated from the RDAA DTE interface connector pins, as
shown in Figure 2 and described in Table 3-2.

Table 3-2. RDAA Telephone and
Modem Interface

Type RDAA
Interface Connectors/ Interface
Circuit Pin No. Circuit/Signal
P2-1 CCT/
pP2-2 RXA
P2-3 TXA
P2-4 OH
P2-5 RCCT
P2-6 RD/
pP2-7 -12v
aLErface P2-8 SH
Connections p2-9 GND
P2-10 TP2 EXCESSIVE
POWER DETECT
P2-11 +12V
P2-12 +5V
P2-13 N/U
P2-14 TP1 BILLING
DELAY TIME
P1-4 PC
P1-3 PR
Telephone P1-1 MIC
Line
Interface P15 & (11112 (Not Used)
Connections P1-9, 10 R
P1-13, 14 T
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Care must be taken in routing the telephone interface pins to
the telephone jack. The FCC (Rules, Part 68) requires that the
telephone interface leads shall be separated from the leads or
metallic paths connecting to power connections.

NOTE

Power connections are those connections between com-
mercial power and any transformer, power supply rectifier,
converter, or other circuitry associated with the RDAA.
The connection of the interface pins (including the +12V
and +5V) shown in Figure 2 are not power connections.

The telephone interface leads shall not be routed in the same
cable (or use the same connector) as leads or metallic paths
connecting to commercial power.

FCC (Rules, Part 68) also requires that the telephone leads T
and R be separated from metallic paths to leads connecting to
non-registered equipment, when specification details provided
to FCC do not show that the interface voltages are less than
non-hazardous voltage source limits in Part 68. T and R shall
not be routed in the same cable (or use adjacent pins on the
same connector) as metallic paths to leads which are not con-
sidered non-hazardous. All DTE interface connector signals
shown in Table 3-2 have been established as non-hazardous.

Therefore, in routing the telephone interface leads from the
RDAA P1 connector to the telephone jack, the following pre-
cautions must be strictly adhered to. The telephone jack inter-
face routing path should be as direct as possible. Any cable
used in establishing this path should contain no signal leads
other than possibly the (previously established as non-haz-
ardous) DTE interface signals shown in Table 3-2. Any con-
nector used in establishing this path should contain no
commercial power source signal leads, and adjacent pins to the
T and R (Tip and Ring) pins in any such connector should not
be utilized by any signals other than possibly those shown in
Table 3-2. Also the DTE interface routing path should be made
as short as possible.

INSTALLATION PROCEDURE

A. Check the telephone line interface cable(s) plug(s) and jack(s)
(Figure 4). If the USOC RJ41S jack is used for the Program-
mable mode, ensure that the jumper W2 is installed and W1
jumper is removed for the programmable mode of operation.

B. Make sure the telephone company installer has measured
the loop loss correctly and has selected the proper program-
ming resistor in the RJ45S or RJ41S jack.

NOTE

You have the right to know the method used by the
installer for measuring loop loss and selecting the pro-
gramming resistor.

7




RDAA

Rockwell Data Access Arrangement Module

C. Check the power supplies to see if they meet the proper
requirements specified in paragraph 2.2.

D. Insert the telephone cable plug into the jack, and make the
DTE interface connection. Then switch on the power supplic's.

OPERATIONAL CHECKOUT PROCEDURE

The following procedures check out the RDAA in association
with a modem, a data terminal, a telephone set and an auto-
matic dialer. The telephone set is required only in. the manual
origination mode (refer to paragraph 4.4) or if alternate voize
communication is desired. The automatic dialer is required orily
in the automatic dial mode (refer to paragraph 4.3).

AUTOMATIC ANSWER MODE

A. Set the modem transmitted output level to +5 dBm.
B. Call the local modeﬁ from a remote station.

C. Follow the instructions given in Figure 6.
D

. Transmit data from the local terminal to the remote terminal
and monitor the CCT/ signal. It should stay low.

E. Terminate the call sequence and verify the received data.

AUTOMATIC ORIGINATE MODE
A. Set the modem transmitted output level to +5 dBm.

B. Follow the procedure of Figure 8 for touch tone origination
or Figure 7 for pulse dial origination.

C. Transmit data from the local terminal and monitor the CCT/
signal. It should stay low.

D. Terminate the call sequence and verify the received data.

MANUAL OPERATION MODE

A. Set the modem transmitted output level to +5 dBm.

B. Follow the instructions given in paragraph 4.4.

C. Transmit data from the local terminal. CCT should stay low.
D. Terminate the call sequence and verify the received data.

SPECIAL INSTRUCTIONS TO USER

Your Rockwell Data Access Arrangement has been registered
with the Federal Communications Commission (FCC). To comply
with the FCC regulations you are requested to observe the
following:
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A

All direct connections to the telephone lines shall be made
through standard plugs and jacks as specified in Figure 4
and Table 3-1.

.t is prohlblted to connect the RDAA to pay telephones or

party lines.

. You are required to notify the local telephone company of

the connection or disconnection of the RDAA, the make, the
modem number, the FCC registration number, the ringer
equivalence number (refer to Table 3-1) and the particular
line to which the connection is made. If the proper jacks are
not available, you must order-the type of jacks to be used
from the telephone company (Refer to Table 3-1 for the
proper jacks and telephones.)

. You should disconnect the RDAA from the telephone line if

it. appears to be malfunctioning. If the RDAA needs repair,
return it to Rockwell International. This applies to equipment
both in and out of warranty. Do not attempt to repair the unit
as this will violate the FCC rules.

. The RDAA contains protective circuitry to prevent harmful

voltages being transmitted to the telephone network. If how-
ever, such harmful voltages do occur, then the telephone
company has the right to temporarily discontinue your ser-
vice. In this case, the telephone company shall:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation that
caused the discontinuance.

3. Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

. The telephone company also has the right to make changes

in their facilities and services which may affect the operation
of your equipment. However, you shall be given notice in
writing by the telephone company adequate to allow you to
maintain‘uninterrupted service.

. Labeling Requirements:

1. The FCC requires that the following label be prominently
displayed on an outside surface of the OEM'’s end product.

Unit contains Registered Protective Circuitry
which complies with Part 68 FCC Rules

"FCC Registration Number:

Ringer Equivalence: .8B

2. The size of the label should be such that all the required
information is legible without magnification.
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SECTION 4 — OPERATING INSTRUCTIONS

AUTOMATIC ANSWER

The connection of the data transmission path for automatic
answer is as described In paragraph 2.4. To disconnect the data
transmission path, just turn off OH and/or DA, as shown in
Figure 6.

IDLE

RD/ ON

*OH & RCCT - ON

2:SECOND MINIMUM DELAY

CCT/- ON

ANSWER TONE

DATA TRA ON

"OH & RCCT - OFF

CCT/ - OFF

v

IDLE

*DA MAY BE ON PERMANENTLY FOR AUTOMATIC ANSWER.

Figure 6. Automatic Answering Sequence

AUTOMATIC DIAL

DIAL PULSE ORIGINATION

The DTE must provide the logic to turn ON the OH and DA
leads, detect dial tone (or time for 3 seconds to ensure dial tone
present), then turn OFF the DA lead and generate the dial
pulses corresponding to the called number (Figure 7). The
2-second delay period between OH and DA going ON and the
response of CCT going ON will not be invoked in the origination
mode. The DTE should monitor for call progress indication (dial
tone, busy tone, answer tone, and call intercept).

Requirements for proper call establishment exist on the pulse
repetition rate (8 to 11 pulses per second), off duty cycle
(60 percent nominal), interdigital delay timing (600 ms to
2 seconds) and chatter and spurious makes and breaks. The
RDAA off-hook relay is a Reed relay designed to long life. Bell
System requirements for pulse and touch-tone dialing are
described in their Communications reference ‘‘Electrical
Characteristics of Bell System Network Facilities at the Inter-
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IDLE

OH & RCCT - ON

CCT/ - ON

\

DETECT DIAL TONE'

RCCT - OFF2

CCT/ - OFF3

OH PULSES FOR NO. o

RCCT - ON

» » o 3
[

ccT/ - ON3

DETECT ANSWER TONE*

DATA TRANSMISSION

OH & RCCT - OFF

CCT/ - OFF

v

IDLE

NOTES.

. DIAL TONE DETECTION IS NOT PROVIDED WITHIN THE RDAA.
ALTERNATIVELY, DTE MAY START FROM,IDLE, TURN ON OH,
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT
AND PULSE OH FOR NUMBER.

DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT
ALL OTHER TIMES.

THE DA TO CCT RESPONSE TIME IS LESS THAN 1 MS.
ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED
WITHIN THE RDAA.

Figure 7. Dial Pulse Origination Sequence

-

4

aw

face with Voiceband Ancillary and Data Equipment’”
(PUB 47001).

The following is an example for pulse dialing the digit #2 through
the OH lead.

OV/BREAK =)
ON HOOK
INTERDIGITAL

INTERVAL
600ms TO 2 SEC

OFF HOOK
100ms (-~ 100ms.

!
‘
\
|
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The OH lead can be pulsed directly via microprocessor port, or
a commercially available “binary to dial pulse” LS| device such
as the Rockwell CRC 8000, the General Instrument AY-5-9151
series, or the Motorola MC 14408. These devices can accept
4-bit binary digital inputs, buffer these digits, and output the OH
dial pulses upon command. Also available from numerous
semiconductor manufacturers (National, Mostek, General
Instrument, Motorola, etc.) are LS| devices capable of inter-
facing directly to a key board and producing suitable dial pulses.

TOUCH-TONE ORIGINATION

The user’s terminal must provide the logic to turn ON the OH
and RCCT signals, detect the dial tone (or time for 3 seconds
to ensure dial tone present) and transmit the tone-address
signals via the TXA lead (Figure 8). The 2-second delay period
between OH and RCCT going ON and CCT/ going ON is not
invoked in the origination mode. The DTE should monitor for
call progress indications (dial tone, busy tone, answer tone, and
call intercept).

It should be noted that tone address signaling method is sig-
nificantly more complicated in terms of hardware requirements
than simple pulse dialing. The necessary tone pair generators
must be added by the user. A number of semiconductor man-
ufacturers produce monolithic LS| tone generators (AMI, Mostek,
Motorola, National, General Instrument, Intersil, etc.). These
tone pair generators are designed to interface with keyboards
or digital ports and may require varying degrees of additional
low pass filtering to reduce harmonic distortion. Touch-tone
dialing is significantly faster than pulse dialing, but it may not be
available in some locations.

IDLE

*OH & DA - ON

CCT -ON

**DETECT DIAL TONE,

TRANSMIT TONE

RO1 ADDRESS SIGNALS o
o | ***DETECT ANSWER TONE T
A e DATA TRANSMISSION

A

*OH & DA - OFF

CCT - OFF

IDLE

*DA MAY BE PERMANENTLY ON,

**ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO
ENSURE DIAL TONE PRESENT.

*** ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED
WITHIN THE RDAA

Figure 8. Touch-Tone Origination Sequence
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Bell System requirements exist on minimum and maximum tone
pair transmit power for proper call address signaling. When the
RDAA is in the programmable mode, the gain of the RDAA
transmit leg is set by a programming resistor in the telephone
jack (over thirteen possible values). This makes establishment
of the tone pair signal level to be input to the RDAA (at TXA)
which meets the Bell System requirements difficult. It is there-
fore necessary to operate the RDAA in the Permissive mode for
touch-tone origination. In this event the proper input power level
(per frequency pair) to the RDAA (at TXA) would be +15 dBM
(nominal). This level is well above the RDAA automatic
limiter threshold. But the RDAA limiter activates (cuts off trans-
mission path) only if threshold power level is continuously
exceeded for about one second minimum, and quickly resets
itself if the power level drops below threshold. If the tone pair
duration time is restricted to significantly under one second (the
minimum duration requirement is only 50 milliseconds) and the
minimum interdigital time requirement (45 milliseconds) is
observed, the limiter will not be activated. These requirements
are easily met if the tone pair generation is under logic control.
If the generation is controlled via keyboard input, the limiter will
be activated if a key is depressed and held for more than a
second, but will recover during the interval between key clo-
sures. However, the possibility exists that transients occurring
at limiter activation and resetting may endanger proper call
origination.

AUTOMATIC CALLING UNIT

Automatic dialing capability may also be added to a data trans-
mission system simply by purchasing or leasing a separate box
termed an “Automatic Calling Unit” (ACU). Such units are avail-
able from a variety of manufacturers. ACU's are available uti-
lizing pulse or tone dialing. Connections of ACU to the data
transmission system may be different for different ACUs. The
standard protocol involved in interfacing between the user's
data terminal equipment and an ACU is documented in CCITT
Recommendation V.25 and also in EIA Standard RS-366.
“Interface Between Data Terminal Equipment and Automatic
Calling Equipment for Data Communication.” It should be re-
emphasized that a separate ACU is not necessarily required for
automatic dial capability. The RDAA and some external hard-
ware and/or software (as previously described) can suffice.

MANUAL ORIGINATION

For manual origination a telephone set with an exclusion key
must be ordered from the local telephone company (refer to
Table 3-1). After lifting both the handset and the exclusion key,
a call may be originated or answered in the same manner as
normal telephone service. When the handset and the exclusion
key are lifted (Ml is shorted to MIC), the signal SH is turned ON.
If the user's data terminal is ready, it may respond with OH and
RCCT. The RDAA will then turn ON the CCT/ signal. When
answer tone is heard, the operator replaces the handset in its
cradle. the SH signal will go Low and the data transmission path
is connected. When data transmission is completed, the terminal
turns OFF the OH signal and returns to the idle state.
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SECTION 5 — FAULT ISOLATION

CUSTOMER REPAIR LIMITATIONS FAULT ISOLATION

Under the FCC Rules, no customer is authorized to repair an The fault isolation flow chart (Figure 9) has been prepared spe-
RDAA module. In the event of an RDAA malfunction, return the cifically as an aid to the user for locating possible network and/
faulty RDAA to Rockwell International. It is recommended that or RDAA module malfunctions.

the following fault isolation instructions provided in this section
be performed prior to returning a suspected RDAA module. A
periodic check of the DC power supplies is also recommended.

NETWORK
OR
RDAA FAULT

RDAA OR
NETWORK
FAULT

MODEM INTER
FACE OR DTE/
MODEM FAULT

RDAA
FAULT

MODEM INTER-
FACE OR RDAA
FAULT

SIGNAL’

LEVEL OVER

LMt
?

NO

MODEM
RDAA ok

REDUCE
MODEM RDAA FAULT
OUTPUT LEVEL

LIFT
EXCLUSION
KEY

SH

o
> L
RDAA FAULT YES

NO

RNAA FAUIT

MODEM INTER
FACE OR DTE/
MODEM FAULT

Figure 9. RDAA Fault Isolation Flow Chart
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T-1 AND T-1/CEPT PCM
(PULSE CODE MODULATION) PROTOCOL DEVICES
Meet AT&T and CCITT Standards

Rockwell International is the first company producing LSI
devices for supporting the commercial digital switched
network. The 24 or 32 digitized channels meet AT&T and
CCITT standards.

This means it is now possible to design T-1/CEPT
systems using LSI instead of discrete devices. This results
in a much lower parts count, lower power requirements,
smaller size and significant cost reductions. It also means
an increase in reliability.

Using our LSI devices, the 24 or 32 channels of 64K bps
information and signaling are multiplexed over a single pair
of wires. All data are transmitted serially, along with framing
bits, at 1.544 to 2.048M bps. At the receiving end frame,
superframe, and channel synchronization is accomplished,

with signaling information outputted and the 24 or 32
channels uniquely identifiable.

Transmission in digital format instead of analog has
inherent ability to perfectly regenerate the signal even after
noise in the phone network. The TTL compatible devices
operate from a single 5V power supply.

For specialized memory for digital PBX and other
telecommunication applications, tri-port memory devices
are also available. These allow random read and sequential
read simultaneously, and, allow addressing sequentially
or randomly. They support either time or space division
switching as well as elastic storage applications when
transmission and write speeds differ.

Rockwell LSI Devices Provide—
¢ Parts Count Reduction
e Cabling Reduction

¢ Cost Reduction

¢ Increased Reliability
¢ Increased Performance

8-2
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T-1 PCM Devices

N

Rockwell

T-1 TRI-PORT MEMORY

R8040

OVERVIEW

The Tri-Port Memory circuit is designed to function as an
assembly 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 accessed via external addresses or internal
sequential addressing.

FEATURES

64 x 8 bit static memory

Single +5V supply

Two totally independent read ports

Multiple Read access time < 430 ns (worst case)
Selectable random- or sequential-address Write operation
On-chip sequential address counter

Tri-state drivers, for chip-selectable bus operation

40-pin plastic dual in-line package

LSTTL Schottky-compatible (12KQ pullup, to drive CMOS)

APPLICATIONS

Time-Division Multiplex (TDM) digital switching data and con-
trol stores

¢ TDM sequential machines

e Elastic stores

e Hardware/Software control interfaces

¢ |/O Buffers

TRI-PORT MEMORY OPERATION

The Tri-Port Memory device accepts 8-bit parallel input data on
lines A through H. This data is stored in an internal memory loca-
tion that is selected by either random address lines RO1 through
R32 or by the device’s Sequential Address Counter. Write Select
signal WSEL determines the source of the address; in the logic
0 state, WSEL selects the random address, in the logic 1 state,
WSEL selects the internal sequential address.

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 only be written into memory when WE goes low (to a logic
0 state) and the address inputs have stabilized.

The on-chip, six-bit Sequential Address Counter is a binary
counter that increments on each positive transition of Sequen-
tial Clock (SCLK). When the Counter attains binary 111111, the

RO4C]1 R 40 [—J RO2
RO8 [ 2 39 [ RO1
R16 ] 3 38 [—J RST
R32 ] 4 37 [ SCLK
WSEL . 5 36 [ N.C.
WE ] 6 35 —J VDD
RH ] 7 34 [ N.C.*
RG ] 8 33 [ SH
GND ] 9 32 [ SG
RF ] 10 31 [ SF
RE ] 11 30 [ SE
RD ] 12 29 [ SD
RC ] 13 28 [ sC
RB ] 14 27 [ SB
RA ] 15 26 [ SA
RRE ] 16 25 3 SRE
A ] 17 24 B
c 18 23D
E 19 2 JF
G —] 20 21 I H
“NOTE: PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE
ONLY TO ROCKWELL TESTING, MAKE NO CONNECTION
TO THIS PIN.

Pin Configuration

next positive transition on SCLK will clear it to binary 000000.
The Counter will also be cleared unconditionally if Reset signal
RST has been set to logic 0 when the positive transition of SCLK
occurs.

The Sequential Read Enable signal, SRE, enables sequentially-
addressed read operations. If SRE is logic 0, the sequential
accessed data outputs (SA through SH) will become valid within
430 ns after the next positive transition on SCLK. If SRE is logic
1, and 350 ns have elapsed since the positive transition of SCLK,
the sequential accessed data outputs will become valid 80 ns
after the negative transition of SRE. The sequential read data
will cease to be valid 100 ns after the negative transition of SRE
or 20 ns after the next positive transition of SCLK, becoming
valid with the content of the next sequential location within
430 ns of that SCLK transition.

The Random Read Enable signal, RRE, enables random-
accessed read operations. If RRE is logic 0, the random
accessed data outputs (RA through RH) will become valid within
380 ns after the random address lines have stabilized. If RRE
is logic 1, and 300 ns have elapsed since the random address
lines have stabilized, the random accessed data outputs will

Document No. R8040D
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R8040

T-1 Tri-Port Memory

become valid 80 ns after the negative transition of RRE. The
random accessed data outputs will cease to be valid 100 ns after
a positive transition of RRE or 20 ns after the random address
input lines change, becoming valid with the contents of the
newly-addressed location within 380 ns after the random address
inputs have stabilized.

RECOMMENDED OPERATING CONDITIONS

In the case of a same location read/write cycle, the sequential
and/or random data outputs will cease to be valid after a negative
transition of WE, and will become valid with the newly-written
contents within 340 ns of that transition. Control of this parameter
minimizes external circuitry required for resolution of read-write
contention.

Minimum Setup/Hold Times

Setup Hold
Signal Measure to ns Measure to ns
SCLK t WE | 300 WE 0
WSEL WE ! 280 WE 1 0
R01-R32 WE | 250 WE ! 0
AH WE ! 150 WE ! 100
RST SCLK | 180 SCLK t 0
Minimum Pulse Widths
Signal Minimum Pulse Width
WE (=0) 170 ns
SCLK 220 ns
X === —-
(RST) | |
}4 SETUP > 180 NS a-l ,—— HOLD > 0
SEQUENTIAL
CLOCK \ /
(SCLK)
Sequential Counter Reset Setup and Hold Timing
WE \ /
L—(TSL)—MO NS MAX ————————
DATA <— OLD DATA XXX ———————————— < NEW DATA —>
OUTPUTS

NOTE: RANDOM WRITE ALWAYS AFFECTS RANDOM READ OUTPUTS; SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL
READ OUTPUTS. EITHER WRITE WILL AFFECT THE OPPOSITE READ OUTPUT, IF, AND ONLY IF, THE RANDOM

ADDRESS AND SEQUENTIAL ADDRESS ARE EQUAL.

Read Outputs at Same Location as Write (All Other Inputs Stable)



R8040 T-1 Tri-Port Memory
wwseL=n_/// T
OF WSEL = 1) WIDTH > 220 NS — |

SETUP > 300 N§ ——=| —-| l=— HOLD > 0
WRITE
B j =
(WSEL)
I SETUP > 280 Ns—-—{ ——‘ l=— HOLD > 0
RO1-R32
(IF WSEL = 0) A | ’ VAV AN
F-— SETUP > 250 NS —-| ~—| '—-— HOLD > 0
WRITE DATE —
AW - T T T T T T T T oo - T | \ N -
SETUP HOLD
wE , l-‘ ~ 150 NS > 100 NS
WIDTH
> 170 NS
Write Setup and Hold Timing
RANDOM
ADDRESS >< ><
(R01-R32)
e (TRA) 380 NS MAX, — = :A(:NNSH oD ~—‘ t—-v
RANDOM
OUTPUT DATA XXX ———————————— XXX
(RA-RH)
" Random Read (RRE = 0, WE = 1)
SEQUENTIAL
cLocK \\\ —————— \ i \ /
(SCLK)
(TSA) 430 NS MAX.————” fa‘:nbfsuom l«—
SEQUENTIAL i
S XXX XXX X0
(SA-SH)

Sequential Read (SRE = 0, WE = 1)

READ ENABLE
(RRE OR SRE)

DATA OUTPUT

(RA-RH OR SA-SH)

—\ /
\ /|

80 NS MAX. " (TPE) t—— 4—-1 (TPD) ‘-‘ 100 NS MAX.

Hiz Y ANAARARANNY Hi-z
ANARARANN /1777070

Read Port Enable/Disable (Address Stable, WE = 1)
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R8040 , T-1 Tri-Port Memory

Propagation Delays

Parameter Symbol Min Max Unit
Random Read Access Time tra 0 380 ns
Sequential Read Access Time tsa 0 430 ns
Read Port Disable (to HI-Z) trp 0 100 ns
Read Port Enable tpe 0 80 ns
Same-Location Read After Write tsL 0 340 ns
ARE
A WRITE DATA-
B
<D
£
- —I
R32 RANDOM ADDRESS INPUTS l
R16 10F 64
RO READ
RO4 RANDOM >
R0O2 ADDRESS
RO1 DECODER
RANDOM
WE READ PORT
w32 l
W16 ] 10F 64
WSEL s e  waiTE b=y suer
“0" = RANDOM SELECTOR J——‘woz ADDRESS | MEMORY
T DECODER
SEQUENTIAL
SEQUENTIAL
ADDRESS COUNTER READ PORT
532 10F 64
SCLK t s08 READ ‘
>———PcLk S04 SEQUENTIAL [
s02 ADDRESS
R s01 DECODER
ST v
VDD
E) Gnp 2 *°
= (SRE

Tri-Port Memory Block Diagram
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R8040 T-1 Tri-Port Memory

MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and functional

Supply Voltage V +4.75t0 +5.25 \ 4 N o
L y, g o0 S operation of the device at these or any other conditions above
Operating Temperature | Tor 0to +70 c those indicated in other sections of this document is not implied.
Storage Temperature Tsta -55to0 +150 °C Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Vpp = +5V £5%, Vgg = OV T4 = 25°C)

Parameter Symbol Min Max Unit
Input Logic ‘1’ Voltage Vi 20 Vv
Input Logic “‘0”” Voltage Vi 0.8 v
Input Logic ““1”” Voltage VoL 2.4 v
Output Logic ““0”’ Voltage Vou 0.4 \"
Output Source Current lon -100 uA
Output Sink Current loL 400 A
Input Capacitance C 5 pF
Output Capacitance Co 25 pF
Power Dissipation (at 25°C) Ppss 300 mwW
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R8040 T-1 Tri-Port Memory

PACKAGE DIMENSIONS

PIN NO. 1
INDENT.

2.02 MAX :140 610
(51.3 MM) 590

Wwwmwﬁ e
:82: J!L 05 ooz .JH 161 [ o

150 020 -600
023

XT3
110
“o015

.090

NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION
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N

Rockwell

T-1 SERIAL TRANSMITTER

R8050

DESCRIPTION

The Rockwell T-1 Senal Transmitter formats data to be
serally transmitted according to T-1 D2 or T-1 D3 specifi-
cations, inserting framing and signalling bits along with 24
channels of 8-bit channel data. The T-1 Senial Transmitter
also provides for alarm reporting via the Bit 2 inhibit method
or, with minimal external logic, via the multiframe alignment
signal (Fs) modification method.

Figure 11s a functional block diagram of the T-1 Senal Trans-
mitter. The Mod 193 counter Is driven by the clock at 1.544
MHz and 1s either synchronized to the driving system by input
signal SYNCIN or provides synchronization via output signal
SYNOUT. Input signal FRSYNC applies synchronization to
a Mod 12 counter, which identifies the frame of the 12-frame
multiframe being processed.

The input data register latches data during each bit period,
when the 8th bit of a channel sample I1s being transmitted.
The data selector outputs the proper sequence of bits, as
controlled by a bit count and frame count.

The zero channel monitor function causes Bit 8 or Bit 7 to
be transmitted as a “one” if the channel data sample Is all
“zeros.” Input INH provides a means to inhibit the zero
channel monitor function. Input B70PTN controls the partic-
ulars of the insertion method.

Two types of transmit formats are provided, a binary output
and a paired unipolar output. The unipolar pair provides a
means to externally create a single bipolar output with min-
imal logic.

B70PTN | 1m 28 g INH
TEST [ 2 27 BIT3
FRSYNC [ 3 26 [ CHCLK
SBIT [] 4 25 g BIT4
ccis [ 5 24 BIT2
SSTB [ 6 23 [ BIT5

UNPLRA [] 7 22 [ BITH
UNPLRB [ 8 21 [ BIT6
GND [] 9 20 [ BIT?
BINOUT [] 10 19 [ Vpp
SYNOUT ] 11 18 [J cLOCK
Loop | 12 17 [ ALARM
SYNCIN | 13 16 [ BIT8
BCH ] 14 15 [ ACH
Pin Configuration
FEATURES

Single 5V supply, low power Schottky TTL compatible.
Accepts 8 bits of parallel data as input.

Generates output as 193 bit serial data stream in T-1, D2, D3
or D4 Mode 3 data format.

Provides a channel and frame timing signal.
Provides alternate control for alarm reporting and signalling.
Provides automatic bit insertion for all-zero channel samples.

FRSYNC
HCLKF
SYNCIN > BIT CNTR FRAME
cLock MOD 193 CNTR |
5VDC >— ]
out
GND >
L. —— 3ssTB
BIT1
BIT2 A\
BIT3
BIT4
BIT5
BT6 4\‘ cLgck BINOUT
airz e ouTPUT
BIT8 5 e UNPLRA
ALARM 2 oara UNPLRB
ACH z SELECTOR 1
BCH
ceis
SBIT
INH ZERD
B70PTN CHANNEL
IONITOR
Loop
Figure 1. T-1 Serial Transmitter
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R8050

T-1 Serial Transmitter

T-1 TRANSMITTER INPUTS

Any input <0.8V = logic 0, low. Any input =2.0V = 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 external synchronization of the transmitter’s
internal frame counter. When FRSYNC becomes high, the frame
counter is directly set to frame 1, the first of the twelve frames.
If FRYSYNC is held high and does not return to zero before a
rising edge of CLOCK, the subsequent states of BINOUT,
UNPLRA and UNPLRB are high, high and low, respectively,
regardless of the states of any other inputs. The latter
mechanism is useful for device and/or board testing only and
will cause bit errors and/or bipolar violations if used during field
operations. See Figures 6 and 7.

SYNCIN: SYNCHRONIZATION INPUT

SYNCIN allows external synchronization of the internal Modulo
193 bit/channel counter. When SYNCIN becomes high, the
Modulo 193 counter is directly set to the state corresponding
to the output of the framing (Ft or Fg) bit. The first bit of chan-
nel one will be output on BINOUT (and UNPLRA or UNPLRB)
as a result of the first rising edge of CLOCK following the return
of SYNCIN to logic 0. See Figures 5 and 7.

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 channels in signalling frames (6 or 12) in which the first six
data bits and the signalling highway are all “‘zero,” BIT 7 will
be forced to one if INH is low. For any frame except a signalling
frame 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 CHCLKEF 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 chan-
nel data sample.

ACH: ““A”” CHANNEL HIGHWAY SIGNALLING

ACH allows the user to transmit one bit of signalling per chan-
nel as Bit 8 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 one bit of signalling per channel
as Bit 8 of each channel data sample in Frame 12 only. BCH
is clocked into 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 transmitting as a zero. This is commonly called
remote alarm signalling. ALARM is clocked into the input register
at the falling edge of CHCLKF. Refer to Table 1 and Figure 4.

LOOP: LOOP STRAP

Provided to aid testing of user applications. When enabled to
a high level, LOOP forces the unipolar outputs to transmit alter-
nating ones and zeros, regardless of input conditions, while
BINOUT continues to provide normal data outputs. Refer to
Figure 3.

CCIS: COMMON CHANNEL INTEROFFICE
SIGNALLING STRAP

Provides optional control for replacing the automatic Fg pattern
with a 4-kilobit common channel signalling path. When CCIS
is high, the SBIT input replaces the Fg pattern and the inser-
tion of ACH and BCH is suspended. The CCIS input may also
be used to provide the alternate method of alarm reporting. See
Figure 4.

B70PTN: BIT 7 OPTION
Provides Bit 7 as an alternate bit position for ‘‘one’ stuffing, as

programmed by the zero channel monitor function. Refer to
Table 1.

VSS, VDD: GROUND AND POWER

VDD = +5 £0.25 Vdc
Vgs = Ground, 0 Vdc

T-1 TRANSMITTER OUTPUTS

Low power TTL Schottky compatible. 1"’ = 2.4 Vdc, 0" =
0.4 Vdc, CMOS — 12KQ pullup to Vpp required.

SSTB: 4 kHz SIGNALLING CHANNEL STROBE

SSTB is the least-significant bit of the frame counter. Unless
itis directly set by FRSYNC, SSTB will go high as each framing
bit (Fr) is serially transmitted, and will return low as each
multiframe alignment 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 Figure 7. SYNOUT is the only output determined by
the falling edge of CLOCK.
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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,
CHCLKEF 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 paraliel
input data. The programmed format of BINOUT follows Tables 1
and 2.

BINOUT is synchronously transmitted as a high level if FRSYNC
remains high during the rising edge of CLOCK. Refer to
Figures 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 for-
mat. The unipolar 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 Channel Sample Output Data Truth Table

Inputs X = don’t care Binout
Serial Output
Current
E E Frame Channel Notes
N ||| w0~ N " .

Slz|S|e|e|e|alelele|elalg| ™ Bit Position

< Z|on|D|D|0|60|@0|@0|0 | @®|<|@ 1]12]3lals|6|7]8

1 XX [ XX XX X|X|X|X|X]| X X100 | X[ X | X|X[X]|X 1
XIX]IXIX{OoIX | XX} X|X|{X]|X]X X100 | XX | X|X|X]|X 1
O(X|X|P|Q|R|S|T|U|V|IX|A]|X PIQ|R|S|T|U]|V|A 2
O|X|X|P|Q|R|S|T|U|V|X|X]|B 12 P|IQ|R|S|T|U |V |B 2
OIX|X|P|Q|R|S|TjU|VIW|[X]|X Y P|Q|R|S|T|U|V|W 23
0|1 X{fojfojojojojojo|X|A}|X 0j0oj0|0}O0Oj0]|O0O]|A

0 1 Xjojojojo|lOo|O0O|O|X|X|B 12 o|ojofof{ofo0o{0]|B

0|1 Xfojojo|O0OjOoO|O|O|W|X]|X Y 0Oj|0|O0O|O]|O0O|O]|O|W 3
o|jo|x|jojofojo|O0ofjOofO|X|O|X O |0Of|O O[O ]|O 1 0
ojoj|xXx)|)ojojojo0jo0jo0jo0|X|Xjo0 12 0OJlo|0O}|0O|0O]|O 1 0

0|0 |1 olofo|o|jO0fjO|OjO|X]|X 0O (00 |0 {0 {0 |1 0 3
ojojofojofo0o|jO0OfjO0jO]|]OjO]|X]|X Y 0 (0O ]JO |O (O O] 1 3
NOTES (1) ALARM = 1 has the same effectas BIT2 = 0

(2) P,Q,R, S, T, Uand V may not simultaneously be zero, unles A, Bor Wis 1
(3) Yis any frame # 6 and # 12 with CCIS = 0, or all frames with CCIS = 1
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Table 2. Framing Bit (F; & Fs) Output Data

Frame Processed . Binout
Number Bit ) cCIS - 1
1 Fr 1 1
2 Fs 0 SBIT
3 Fr 0 0
4 Fs 0 SBIT
5 Fr 1 1
6 Fs 1 SBIT
7 = 0 o
8 Fs 1 SBIT
9 F, 1 p
10 Fs 1 SBIT
11 F, 0 o
12 Fs 0 (NOTE 1) SBIT

Notes: (1) Alternate remote alarm reporting may be accomplished by holding SBIT and CCIS both high just prior
to initiation of Frame 12.
(2) Fr bit insertion 1s automatic and no optional control is provided.

CLOCK
(1.544 MHz)

BINOUT =

BIT NO.

|
X8 XF X1 X2YX3X4a¥X5¥X6X7X8X1X2¥X3X4X5¥X6eX7Y¥s8sX

- .|~ SAMPLE CH. 1
CHCLKF //

SAMPLE CH.
e SAMPLECH2 7 A\
F:
< CH.24 »| OR f«——————— CHANNEL1 i CHANNEL2 —— 3]
F
) |
(horizontal scale change)
ACH Replaces BIT 8 in Frame No. 6
BCH Replaces BIT 8 in Frame No. 12
Fs=0 0 1 1 1 0 0
A Y } Y } Y
FRAME NUMBER 1 3 4 5 7 8 9 10 11 12 1 2 J
’ A ) ) ) A A A
Fr=1 0 1 0 1 0 1 0
See Fig. 7
sst8 | [ L f il [ 1 | LT I [
synout _l | l | 1 | 11 | | [ [ | I i
FRSYNC* i *
svwew: A A A A A A A A A A A A A A 4

*POSSIBLE POSITIONS TO RE-INFORCE INTERNAL SYNCHRONIZATION.

Figure 2. Transmitter Input-Output Signal Relationships
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eok L LI LT LI LI Mrl_l_l_
| | |

LooP | \ L_<_____
BINOUT |

UNPLRA | [ [ | [
UNPLRB ] | | l

Figure 3. Transmitter Binary, Unipolar Outputs

cLOCK W —\_—/—

CHCLKF ‘ ‘ A\

BIT1-BIT 8, fe——  ts — | f— tu
eSS = Bl e
::??«UOT X 6th x 7th X 8th X F or 1st X

fe—— te —»] — |<— to
IBN;gPTN _><> ><>< ___________________

Figure 4 (a). Channel Input Timing

CLOCK
r— ts l-(—tJH

toor XXX XXX XXX XXX X2

Figure 4 (b). LOOP Input Timing

ssT8 ARRRRRNN

la—— tos — le— t,,

T Tl IY) N ------------------- ,‘
BINOUT )( CH 24, BIT 7 X CH 24, BIT 8 X F, X CH1,BIT1 X

L
cois /) \\(SEE NOTE)

NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE ALARM REPORTING METHOD. CCIS SHOULD BE
ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT
THE REMOTE ALARM.

Figure 4 (c). Control Input Timing
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CLOCK
tin “— —)\ ts

swen /7 N\
X

R8050

CH1,BITH CH1,BIT 2

X

BINOUT ANY BIT

X X

Figure 5. SYNCIN Timing Relationship

CLOCK

FRSYNC i

s

ssTB 777
XXX 77 NN XXX
XXX 77 AN T
XXX AN 7 XXX

Figure 6. Non-return-to-zero FRSYNC Timing

t— — 3>

i

54—— tss

tsn—»‘

oo | L]
FRSYNC

(Return to zero)

|

NINERInRINNINNIE

(1 PULSE PER 2316 CLOCKS)

SYNCIN l I l l (1 PULSE PER 193 CLOCKS, MAX)
DATA CHANNEL 1 L » may change
IN INPUT DATA o
CH 23 CHANNEL 1 FRAME 1 o
FRAME 12
/4
CHCLKF QSSSSE /////
SYNOUT /%ZZZ Ei 55&\

Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC)
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Table 3. Input Timing

Symbol Parameter Min Max Unit
ts Buffered Data Setup Time 450 ns
tiH Buffered Data Hold Time 0 ns
tos Control Input Setup Time 400 ns
ton Control Input Hold Time 20 ns
tag Asynchronous Control Input Setup Time 350 ns
taH Asynchronous Control Input Hold Time 20 ns
tys SYNCIN Setup Time 200 ns
tan SYNCIN Hold Time 20 ns

SYNCIN Pulse Width 100 ns
tss Frame Sync Setup Time (Return to Zero) 250 ns
tsy Frame Sync Hold Time (Return to Zero) 20 ns

Frame Sync Pulse Width 200 ns
tss Frame Sync Setup Time (Non-Return to Zero) 525 ns
tsy Frame Sync Hold Time (Non-Return to Zero) 20 ns

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

MAXIMUM RATINGS*

Parameter Symbol Value nit *NOTE: Stresses.above. tl_mse listed may cause perma_nent
damage to the device. This is a stress rating only and functional
Supply Voitage Voo +4.75t0 +5.25 | Vdc operation of the device at these or any other conditions above
Operating Temperature Top 0to 70 °C those indicated in other sections of this document is not implied.
Storage Temperature Tere 5510 +150 oC Exposure to absolute m'aximu‘m r'a'ting conditions for extended
periods may affect device reliability.
ELECTRICAL CHARACTERISTICS
(Vpp = 5.0 +5%)
Parameter Symbol Min Max Unit
Logical ““1” Input Voltage Vo 20 Vpp + 03 A
Logicical ““0” Input Voltage ViL -03 0.8 v
Logicical ‘“1”” Output Voltage VoH 24 — v |
Logic ‘0" Output Voltage VoL — 04 \" |
Output Source Current lon —100 — A ‘
Output Sink Current loL 400 — pA
Capacitance Load (any output) C — 25 pF
Input Capacitance (any input) Cin — 5 pF
Clock Frequency — 1.6 MHz
Power Dissipation Pp - 250 mw
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PACKAGE DIMENSIONS

TR NATANATARANARATATAY

(.550)
PIN NO. 1 T
«*” INDENT. l
UUVUUUUUUUUUUU 60
(1.470) (.140) (:610)
(1.440) ‘ r—— (.590)

(.015)
(:008)
(.700)
*'1 (gig) ‘H'-{ ‘. :& (:600)
032 REF.

(.085) (.023) (110 (.150)  (.060)
( 065) ( 015) (.090) (.125) (.020)
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DESCRIPTION
TCLK T 1m 28 [ SIGFR
The Rockwell T-1 Recelver processes serial unipolar data of a VDD (+5) E 2 27 g SBCLK
T-1,D2 or T-1,D3 line from which data and a 1.544 MHz clock B‘;’;r:; — : :g — zg‘;:A
have been extracted. TESTI g 5 24 5 coe?
Frame synchronization is accomplished by locating the frame FRALRM 6 23 | CDB6 CHANNEL
. ! . A [ cDBS
bit (FT) alternating every 386 bits. Loss of frame sync Is indicated __CHCLK 7 22 DATA
. s . X MAXCNT 8 21 [ cDB4
if a frame bit error occurs within two to four F-Bit frames since CHSYNG 9 20 = cpe3 BITS
the previous frame bit error. SYNCEN g 10 19 = cpB2
A loss of carrier is indicated if 31 consecutive bit times yield MR 5 " 18 (—J CDB1
‘‘zeros’’ ot the input. Carrier loss is reset and frame sync search CAf:z = :g :‘75 g gg:_'l‘_""
begins when a ‘‘one” reappears at the TDATA input. SBALRM T 14 15 5 TESTO
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, Pin Configuration
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. An alarm
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 v
. ————23 5
the extraction of new output channel data. voor—{T > v P2 ey, ,
vss >—{ > (GND) P12 —::) s
. . 5 g | CHANNEL
Several signals developed from a MOD 386 counter are provided ——F3; S.toara
to aid in the external processing and storage of channel data. 2055 5 M
Signals are provided to increment counters, synchronize I___mi b
counters, strobe data into memories, etc. comms P17 RATTEL
ouTPUT
The Rockwell T-1 Receiver chip operates on a single 5 volt supply PeaiSTER
and directly interfaces to the low power TTL Schottky logic family.
The Receiver is packaged in a 28 pin dual in-line (DIP). roaTa 5 P2 |D | — RIS Lo
. . . . . . . @ SYNCHRONIZATION 3
Timing relationships are given in figures 3 through 5. NI GIRCUIT FRALAM
154 MHZ
FEATURES e I
e Synchronizes serial T-1,D2 or T-1,D3 signals In less than 5 ms.
e Extracts 8-bit parallel channel data . svmeen o L rRavesyne
e Provides timing signals to capture and synchronize channel
and frame information f%)ﬁ'?ﬁ;:
e Monitors and detects counTen e
ol ors © —-—0—; SBCLK
— Errors in signaling bit pattern -
— Loss of frame sync st Y sair acamm ng;gn
— Loss of carrier (LEAVE OPEN) [ ssaLam
— Remote alarm reporting
) e
e Single 5V supply
e LSTTL Schottky compatible Figure 1. R8060 Block Diagram
Document No. R8060D Data Sheet Order No. 308

Rev. 4, June 1984
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T-1 Serial Receiver

T-1 RECEIVER INPUTS

Any input <0.8V = LOGIC 0, LOW, ZERO. Any input =2.0V =
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 stabie 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. Input levels must be >2.4 volts for LOGIC 1 and
<0.8 volts for LOGIC 0.

SYNCEN: FRAME SYNCHRONIZATION ENABLE

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

MR: MASTER RESET

Master 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 channel data bit, is not controlled by
CDINH.

TESTI: ROCKWELL DEVICE TEST INPUT

Used only for Rockwell device testing, no connection to TESTI
is required for normal operation.

VSS, VDD: GROUND AND POWER

VDD
VSS

+5.0 +£0.25 VDC
Ground, 0 VDC

T-1 RECEIVER OUTPUTS

Low Power TTL Schottky — compatible
“1” = 2.4 Vdc; “0” < 0.4 Vdc
CMOS — 12 K @ pullup to VDD required.

8-18

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 controlled 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 Figures
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. Refer 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 ris-
ing edge of TCLK as channel 24 data is being transferred to the
parallel channel outputs. Refer to Figures 3 through 5.

S-BIT: SIGNALING BIT OUTPUT

The S-Bit output will have the same digital level as 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.
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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 identifies 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 the five S-Bits received
contains four consecutive ones (01111), and remains high until
three consecutive ‘‘zero’ bits are preceded and followed by a
“‘one”” S-Bit (10001). The actual transition of SBALRM output
occurs after the rising edge, but at least 375 ns before the fall-
ing 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 low 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 con-
secutive low level 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.

B) 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 func-
tion or within 250 ns after the rising edge of CALRM. (Carrier
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 less than five milliseconds. See Figure 2.

WIHBT gt gl n m

wR T
VZ FRAME SYNC
FRALRM I
je——2 FRAME PERIOD—-’-{
CHSYNC L . 1 J
cvok L LML L L rA T I I e I

n_r———— .. nmn_r

Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization
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—-=«—F BIT FRAME | S BIT FRAME —»

CH24 CH1
A ~ -~ A ~
'g;g;‘gmp|¢|u|u|‘e|s|4|z|,1;Y|t|s.|az|.s|g|.|z|.|¢|s.|az

CLOCKED DATA | 1 |+ [ee 22|16 | s -4 | 2| v [g5| 2 [ee|se]us| o |a |2 ]1]2]|ea]
TCLK (1.54 MHZ) ML uUuJuyuuuuruugugrue

CHCLK I ] I I I

whsT [ | 1 [
CHSYNC |
SBCLK J

SBIT X

SIGFR \
MAXCNT

CHANNEL DATA
PARALLEL

CH23 OUTPUT DATA X CH24 OUTPUT DATA X _CH1

Figure 3. Signal Relationships at Beginning of Fg Frame (S-BIT)

—=—S8 BIT FRAME | F BIT FRAME—>
CH24 C’|11

~

INPUT DATA
(TDATA)

Il e
Lol efoslszfrefs o]z | o fafel = [oe]se o]0 a|2]r]xos]sz
CLOCKEDDATA[‘|t|54|32|‘5|'3|‘ |2|1 |B|‘T|:|s4‘32||s[s|4 lzl1[:[s¢|
TCLK (1.544 MHZ) LML uuruuuunuuonniue

CHCLK l I I [ ]

whet [ | 11 [
CHSYNC |

SBCLK |

SBIT NO CHANGE

SIGFR /
WAXENT L]

g:ﬂ“;‘l’_‘fél“““ X CH23 OUTPUT DATA X__ CH24 OUTPUT DATA__X_ CH1

Figure 4. Signal Relationship at Beginning of F Frame (F-BIT)
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FRAME SYNCHRONIZATION SIGNALING SYNCHRONIZATION
BIT (F BIT) PATTERN BIT (S BIT) FRAME

Llofelelr o]

FRAME NO.

GRSYNC Ty U U U U U U

SBCLK | L | L J 1 J L | 1 1
seiT T\ J
(OUTPUT)
SIGFR | LT
MAXCNT Bl U ] U U ')

FRAME = 24 TIME SLOTS = 193 BITS = 125 48
TIME SLOT = 5.18 4S ONE BIT = 648 NS
MULTIFRAME = 12 FRAMES = 1.5 MS.

F BIT (Fy) ALIGNMENT SIGNAL S BIT (Fs) MULTIFRAME ALIGNMENT SIGNAL
(ODD-NUMBERED FRAMES) (EVEN-NUMBERED FRAMES)
FRAME FIRST BIT FRAME FIRST BIT
1 1 2 0
3 4 0
5 1 6 1
7 0 8 1
9 1 ’ 10 1
11 0 12 0

Figure 5. Multiframe Signal Relationships

Table 1. Qutput Propagation Delay
Worst Case, From Rising Edge of TCLK
OUTPUT MAX DELAY (NS) PIN NO. 1
CHCLK 300 .~ IDENT.
CHSYNC 300 (160)
WIHBT 300 R 0 (e
MAXCNT 300 ' o
SBCLK 400
SBIT 400 (015)
SIGFR 475 {oo8)
SBALRM 475 — ’* Los)
B2ALRM 450 (085) —o|la(023) 032REF (110)  (459) {060)
CALRM 300 (065) {os) (0%0)  (125) (020)
FRALRM 900 -
CDB (1-8] 400
(-8) Packaging Diagram
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MAXIMUM RATINGS* .

Parameter Symbol Value Unit
Supply Voltage +475t0 +5.25| V
Operating Temperature Range Oto +70 °C
Storage Temperature Range -55t0 +150 | °C

ELECTRICAL CHARACTERISTICS

(Voo = +5V +£5%, Ta = 25°C)

*NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above
those indicated in other sections of this document is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Parameter Symbol Min Max Unit
Input Logic “1” Voltage Viy 2.0 Vpp + 0.3 \
Input Logic “‘0” Voltage Vi -0.3 0.8 Vv
Output Logic ““1” Voltage Vou 24 \
Output Logic 0" Voltage VoL 0.4 \
Output Source Current lon -100 uA
Output Sink Current loL 400 uA
Clock Frequency Tek 1.85 MHz
Input Capacitance C 5 pF
Output Capacitance Co 25 pF
Power Dissipation Poss 550 mw
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N

Rockwell

T-1/CEPT PCM TRANSCEIVER

R8070

INTRODUCTION

The R8070 is a monolithic silicon gate CMOS device designed
to implement PCM transmitter and receiver functions applied
in primary-rate digital carrier systems worldwide. Both the
transmitter and receiver contain appropriate circuitry for syn-
chronization, channel monitoring and signalling extraction.

The R8070 supports CCITT recommendations G 732, G.733 and
applicable sections of G.703, as well as Bell System technical
advisories on clear channel capability and extended framing
format. This device provides the interfaces between the multi-
plexed digital signals of the subscriber loop and the PCM high-
way in a digital telephone switching system. The device operates
from a single power supply of 5 volts and a sampling clock of
1.544 to 2.048 MHz, depending on the mode of operation.

Packaged in a 64-pin QUIP (quad in-line package), the R8070
requires less real-estate and provides flexibility in system integra-
tion and manufacturing. Specific support of both types of opera-
tion modes (parallel/serial) allows the application of the R8070
in virtually every type of voice/data system using either T-1, T-1C,
or CEPT specification.

FEATURES

¢ Autonomous Transmit and Receive Sections in a single chip

e Low Power CMOS 100mw (Operating)

¢ 5 Volts Single Supply Voltage

* 64-pin QUIP

¢ Meets CCITT G.732, G 733, and applicable sections of G.703
Specifications and AT&T Advisories

e Operates with EXTENDED FRAMING, CLEAR CHANNEL,
and/or CEPT formats

e Supports Multiplex/Demultiplex T-1C, Mode 1 (Synchronous)
Operations

e Uses a clock of 1.544 (T-1), 1.576 (1/2 T-1C) or
2.048 (CEPT) MHz, depending on operation mode

e Selectable Serial or Parallel Digital Data Interface
¢ Reframe Time 10 ms (Mode Dependent)
e TTL/CMOS Compatible Inputs and Outputs

PSI2---CT 1
PSIH——————— 2
TFSYNC-——C— 3
TMSYNC - — — — — — - 4
IA——-C7 5
B——————= 6
ID—--C1 7
TYEL——— - ——— 8
TCLK——-C—Z 9

TMAX - — — — — —— 10
Ml———— 11

M2——— —— — 12
M3— ——C- 13

4 - — —— 14
TIDLE——--C—] 15

TLOOP ——— — ——[—] 16
TNEG-— -] 17

TPOS — — — — — - 8
TNRZ — — -] 19
OJ—————— 20
OH— - - 21
OE—— — - —— 22
PS09——- - 23

PS010 — — — — — - 24
PS011- - —C 25

PS012 — — — — — - 26
PS013 - — - 27

RVLL — — —— = — 28
OD—---u7j 29

oC — — — - — 30

_ OoB——-C] 31

PIS — —— — — — 32

64 - ——Vc¢c

63 - -=—-—— PSI3
62 —1— — -PSI4

61— J-————— PSI5
60 —J— — —PSI6

59 - ---— PSI7
58 —1-— — PSI8

57— J—————— Ic

56 —J1- - —RCLK

55 - — ——— — RPOS
54 —J~ — —RNEG

53 11— —— — —— RIDLE
52 —- — —RMW

51 11— — — — — RYEL
50 —1- — ~-RSER

49 - — — — — PS01
48 —— — -PS02

a7 1-— — — — PS03
46 1~ —-PS04

s J-————- PS05
44 11— — - PS06

B —— — — PS07
42 —1— - -PS08

41— — — — — — RSRCH
40 - — -RMRST

91— — = — - PUP
38 —J -— -RRED

37 ~ — — — — RSYNC
36 - - -0G

5 - ———— OF
34 - --0A

B — — — — Vss

R8070 Pin Configuration

Document No. 29300N14

Data Sheet Order No. 314
October 1984

|
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FUNCTIONAL CHARACTERISTICS

TRANSMIT SECTION

The transmit section of the R8070 (refer to the R8070 Functional
Block Diagram) formats data to be serially transmitted accord-
ing to CCITT G.732, G.733, applicable sections of G.703, and
Bell technical advisories on clear channel capability and extended
framing format. The 8-bit PCM data is clocked out by the transmit
clock, which can vary between 1.544 and 2.049 MHz, depend-
ing on the selected mode of operation. Input signals TSSYNC
and TMSYNC provide external synchronization to the R8070
frame counters.

Depending on the mode of operation when a yellow alarm is
received, the R8070 is capable of sending idle messages in all
message channels by activating the TIDLE input. A TLOOP is
provided to aid testing user’s applications by connecting inter-
nally TNEG and TPOS to RNEG and RPOS. Yellow alarm
signalling to remote equipment is conveyed by stuffing or
manipulating the appropriate bits in the various data channels,
depending on the mode of operation.

Transmit output signals (i.e., TCHCLK, TCHSYNC and TMAX)
are provided as a means to synchronize external equipment to
the internal bit counters. Two types of data output formats are
provided by virtue of pins TNRZ, TPOS and TNEG. TPOS and
TNEG can be configured with minimal external circuitry to create
a bipolar output. When configured in a parallel mode, the
transmit channel data bits T1-T8 are sampled by the rising
edges of TCLK. When used in a serial transmit mode, input
control signal TSA allows advancement by one bit time of the
transitions on TSQ and TSIGSQ. TSIGMD identifies the input
source for transmit signalling information. Transmit output
signals, designated by TSQ1 through TSQ5, are provided and
can be used in decoding schemes to address individual chan-
nel cards residing in channel banks, according to D1D or D2
sequential code format.

Various mode dependent signals are used to provide control and
signalling to the transmitted data stream. Transmit link input
signal, TLINK, is used to input link information at various bit
rates, depending on the mode of operation. Provision for inser-
tion of error patterns in the F position is made possible through
input TFSIG. In the 193E and S modes, robbed bit signalling
information is provided and controlled through inputs TA(C) and
TB(D). In the 256S mode, the serial bit stream containing the
transmit signalling information is provided at TABCD and sam-
pled at an 8 kHz rate. Repetitive transmission of a certain code
sequence in a given channel on TNRZ or TPOS and TNEG pro-
vides a 0 dBm 1 KHz signal. When decoded in a properly aligned
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receiving terminal, this signal is referred to as digital milliwatt.
A multiplexed framing pattern generator signal, which is the
result of the composite of an externally supplied S BIT and an
internally generated data link CRC check bit, is provided at
TFGEN. TI1S, TN1S, and TX1S are provisions for inputs that
are dedicated for use in the 256 modes and are typically applied
in handshaking applications between the transmit and receive
terminals. Many other signals are used on different assignments,
depending on the selected operating mode, and are described
in detail in this document. These input and output signals are
used to provide the hooks and handles that are associated with
each mode.

RECEIVE SECTION

In the receive section (refer to R8070 Functional Block Diagram),
the received unipolar data is processed serially by the rising edge
of RCLK at a rate of 1.544 to 2.048 MHz, depending on the mode
of operation (Bell or CCITT). Synchronization is accomplished
by locating the F; bit (framing bit) through a five-stage process,
thus eliminating erroneous bit candidates that could cause false
synchronization. In the 193N and S modes, synchronization is
achieved in less than 5ms, while in the other modes, it is
achieved in less than 10ms.

Output signals such as RSYNC, RSRCH, RRED, and RMAX are
dependent on the synchronizer receive master state and may
be used for status reporting or external processing of the
received data. Remote alarm monitoring (yellow alarm) is
reported by RYEL in a format appropriate to the transmission
mode.

Similar to the transmitter, a provision that allows insertion of idie
channel data in the received bit stream is invoked by activating
the RIDLE input. RMW input is provided for trunk alignment,
causing a 1 kHz milliwatt generator to be substituted for all
received message channels.

Receive output signals (1.e., RCHSYNC, RCHCLK, and
RWIHBT) are provided for synchronization of external counters
to the PCM frame rate and strobing the received data into
external memory if necessary. Additional output signals are
provided to indicate the status of the received data, the type of
alarm received and a bipolar violation indication when it is
manifested in the data pattern. Serial mode receive outputs (i.e.,
RSQ1-RSQ5) are used in a decoding scheme to select chan-
nel units residing in channel banks. Receive framing mode
dependent signals OA through OJ are used for monitoring of
signalling information, error reporting, synchronization reporting
and many useful alarm reporting signals.
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Receive Section

P/S MODE
SELECT | « SIGNALLING
FRAME MODE | DISPATCHING « IDLE CODE
SELECT | CIRcuIT « ALARM
> « BIT CONTROL
GENERATOR
TRANSMIT TIMING
> COUNTER ;'E"I'_':g —— TRANSMIT
LOGIC OUTPUTS
TRANSMIT CLOCK
PARALLEL —T1>] -BIT > w OUTPUT SINGLE AND
INPUT ! - MUX PAIRED UNIPOLAR
DATA LATCH _ REGISTER ’l > OUTPUTS
|
SERIAL TRANSMIT INPUT __: |
________________ |
CHANNEL
TRANSLATOR —:—» SEQUENCE CODE
Transmit Section |
o e 4
| Rev cLock
| l
I RECEIVED '\
RECEIVED RECEIVED
DATA _ s/P
DATA —&— > INPUT >{ Mux CONVERTER —" ;:n::LLEL
REGISTER
RIDLE
RMW _ RECEIVE
SERIAL DATA
« M/F SYNC
* SIGNALLING
« DATA LINK _ gfﬁf_n’:“
* ALARM SIGNALS
EXTRACTION
CIRCUIT
1 SYNCHRONIZER > SYNC STATUS
LOGIC
Y
RECEIVE _ EXTERNAL
COUNTER SYNC SIGNALS
CONTROL
LOGIC '_"
A
D1D/D2
= SEQUENCE
P/S MODE SELECT N CHANNEL > cope
FRAME FORMAT DISPATGHING TRANSLATOR
MODE SELECT | circurTRY FRAMING MODE
" OUTPUT SIGNALS

R8070 Functional Block Diagram
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OPERATIONAL MODES PARALLEL/SERIAL MODE-DEPENDENT OUTPUTS
The R8070 is configurable in a parallel or serial operation. The Parallel Mode-Dependent Outputs
R8070 is mode selectable. By stl:appmg input lines M1—M4’t, Pin Name Description
eleven data formats are provided to meet the user’s
requirements. PSO1 | R1
PSO2 |R2
The P/S (Parallel/Serial) mode straps are as follows: PS03 | R3 ] )
1. Parallel E’S=1 sggg :g Receive Channel Data Bits 1-8
2. Serial P/S=0 PSos | R6
The permissible modes that may be selected are illustrated. PSO7 | R7
PSO8 |[R8
M1 = 1= - e M{=0--- PSO9 | TCHCLK Transmit Channel Clock
r o B PSO10 | TCHSYNC Transmit Channel Sync
T PSO11 | RCHCLK Receive Channel Clock
' 197N 193N | 193N 256N M4 =0 PSO12 | RCHSYNC Receive Channel Sync
mz'=q | Transe | B6zS | B7 HDB3 PSO13 | RWIHBT Receive Write Inhibit
1
é DEVICE 193E 193E DEVICE |
L TESTA | B8zS | B7 TEST D | Serial Mode-Dependent Outputs
M4 I= 1
T DEVICE | 193F | DEVICE | DEVICE ] Pin Name Description
M2 5 o | TESTB | B8ZS | TESTC | TESTE : PSO1 | RSQ1
v PSO2 |RSQ2
[ 1978 1938 | 1938 2568 PSO3 |RSQ3 Receive Sequence Code Bits 1-5
| Transp B8ZS B7 HDB3 M4 =0 PSO4 |RSQ4
- C . PSO5 |RSQS5
M3 =0 -orM3=1--- M3 =0 PSO6 | TSIGSQ/TNSYNC*
i PSO7 |RSIGSQ/RIBITS*
Mode Selection RSO8 | R8/RABCD
PSO9 |TSQ1
PSO10 | TSQ2
INTERFACE CRITERIA PSO11 | TSQ3 Transmit Sequence Code Bits 1-5
PSO12 | TSQ4
PARALLEL/SERIAL MODE-DEPENDENT INPUTS PSO13 | TSQ5
Parallel Mode-Dependent Inputs Notes
Pin Name Description *Mode | Transmit Signalling Square Wave (PSO86)
Py T1 193 or { Receive Signalling Square Wave (PSO7)
PSl2 T2 197 ( Receive Channel Data Bit 8 (PSO8)
PSI3 T3 *Mode { TNSYNC Transmit National Sync (PSOS6)
PSl4 T4 Transmit Channel 256 {RIBITS Receive International (PSO8)
PSIs T5 Data Bits 1-8 RABCD  Receive Signalling (PSO8)
PSl6 T6
PSI7 T7
PSi8 T8
Serial Mode-Dependent Inputs
Pin Name Description
PSIt TSER Transmit Serial Input
PSI2 TSIGMD Transmit Signalling Mode
PSI3 TABCD Transmit Signalling Input
PSl4 TSA Transmit Sequence Advance
PSI5 RSHIFT Receive Shift
PSI6 D1D D1D Sequence
PSI7 D2 D2 Sequence
PSI8 RSR Receiver Sequence Retard
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INPUT/OUTPUT SIGNAL CHARACTERISTICS
R8070 Input/Output Signal Characteristics

Mnemonic

1

Definition

Function

SERIAL MODE COMMON INPUTS:

D1D, D2

Code Select Modes

These signals, D1D and D2, permit the generation of transmit and receive serial codes,
according to CCITT or the D1D and D2 channel assignment format:

DiD =0, D2 =0 CCITT
DiD=1, D2=0 DID
DID =0, D2 =1 D2

COMMON RECEIVE INPUT SIGNALS:

PUP

RCLK

RIDLE

RMRST

RMW

RPOS, RNEG

RSRCH

Power-Up

Receive Clock

Receive Idle Control

Receive Master Reset

Receive Milliwatt

Receive Unipolar
Positive and Negative

Receive Search
Control

This signal initializes the R8070. It can also be used as a “‘hands off’ restart.

After power is applied and RCLK and TCLK are active, PUP must be held low for at least
16 clock cycles to ensure output predictability (refer to Power-Up Timing Requirement
Diagram).

An external timing source is input via the RCLK pin to provide the master timing for the
receive function

When RIDLE 1s high and RMW is low, idle codes are substituted for all received
message channels; this signal is sampled channel-by-channel

When RMRST is high, it forces the master state controller to go into a “WAIT” state, if
a continuous level is maintained, and holds off entry to “INIT” (“WAIT” = the intal
step of the synchronization process).

When RMW is high and RIDLE is low, RMW causes the internal 1 kHz miliwatt
generator to be substituted for all received message channels. This signal is sampled
channel-by-channel.

Input data to the receiver which may be of RZ or NRZ nature. When RPQOS is strapped
to RNEG it causes:

1. B8ZS or HDB3 modes to become transparent for transmit functions and receive functions.
2. Disabling of the bipolar violation detector.

When low, RSRCH holds off entry to “INIT”, the second step of the initialization

process. When RRED and RSRCH are active low during the first time slot of the first
frame of the multiframe, bit 5 is skipped.

COMMON RECEIVE OUTPUT SIGNALS:

RRED

RSER

RSYNC

RVLL

RYEL

Receive Red Alarm

Receive Serial Data

Receive
Synchronization State
Indicator

Bipolar Violation, Loss
of Carrier

Receive Yellow Alarm

RRED is high when the receiver 1s not synchronized.

RRED when low indicates that the receiver is frame synchronized. It may or may not
be multiframe synchronized.

RSER represents the received serial data bit stream, including any B8ZS or HDB3
corrections.

RSYNC provides a SYNC output that is dependent upon the receive master state.

1. SYNC (North American): Single pulse coinciding with the first ‘F’ bit for each new
multiframe, as shown in the North American Mode Receive Synchronization Timing
Diagram.

2. SYNC (European): Single pulse coinciding with bit one of each new multiframe, as
shown in the European Receive Synchronization Timing Diagram.

RVLL reports bipolar violations as a high-level coincident with the emergence of the
accused bit at RSER. Also, RVLL reports failure to receive carrier.

RYEL conveys yellow alarm information appropriate to mode. RYEL transitions occur
one bit time after the bit that triggered the alarm merges out RSER.
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R8070 Input/Output Signal Characteristics (Continued)
Mnemonic [ Definition Function

PARALLEL MODE RECEIVE OUTPUT SIGNALS:

RCHCLK

RCHSYNC

R1-R8

RWIHBT

Receive Channel
Clock

Receive Channel
Synchronization

Receive Channel
Data Bits 1-8

Receive Write Inhibit

RCHCLK is high during the output of bits 1 through 4 of the channel data on RSER.
RCHCLK is low elsewhere.

RCHSYNC is suitable for synchronizing external counters to the T-1 or CEPT frame
rate. Transitions on RCHSYNC are mode dependent.

R1-R8 are valid with the current channel data nominally for 8 bit imes and extend to 9
or 10 bit times in cases where an ‘F’ and/or link bit occur Transitions coincide with the
output of Bit 1 on RSER. Refer to the Parallel Mode Receive Signals Timing Diagram.

RWIHBT covers the parallel channel data transition period. It goes high-active before,
during, and after the transiticns on R1-R8.

SERIAL MODE RECEIVI

E INPUT SIGNALS:

RSHIFT

RSR

Receive Shift

Receive Sequence
Retard

When RSHIFT 1s high, it causes the RSQ codes to be shifted.

When RSR is high, the RSQ codes and RSIGSQ transitions are delayed by one bit
time from their nominal positions.

SERIAL MODE RECEIVI

E OUTPUT SIGNALS:

RSIGSQ

RSQ1, RSQ2, RSQ3,
RSQ4 and RSQ5

Receive Signalling
Square Wave

Receive Sequence
Code Bits 1 through 5

RSIGQ exhibits a high-to-low transition during the output of the F-bit at RSER for
frames carrying ‘“‘B” (D) signalling and low-to-high transition during the output of the
F-bit at RSER for frames carrying ‘A" (C) signalling. It is affected by RSR in the same
manner as the RSQ leads.

RSQ1 through RSQ5 encode the current channel number according to CCITT
convention. During the occurrence of framing, link and CRC bits, special codes are
observed.

Refer to the 197 Mode Recelve Sequence Code Timing Diagram.

MODE DEPENDENT RECEIVE OUTPUT SIGNALS?

RABCD

RIBITS (OB)

RNBITS (OE)

RTS16 (OC)

RXBITS (OG)

Receive ABCD

Receive International
Bits

Receive National Bits

Receive Time Slot 16

Receive Extra Bits

RABCD represents a serial bit stream containing the most recently received signalling
bits for each of the 30 channels. RABCD is channel-aligned with RSER.

RIBITS goes high to indicate that the international bit is present at senal output RSER,
as shown in the National and International Bits Timing Diagram.

RNBITS is active-high coincident with the emergence of bits 4 through 8 of TS0 not
containing the frame alignment signal.

RTS16 is high for the duration of TS16 bits 1 through 8 emerging from output RSER

RXBITS 1s active-high when RSER contains bits 5, 7 and 8 of TS16 containing the
multiframe alignment signal

OUTPUT SIGNALS:

MODE DEPENDENT RECEIVE ERROR

CKERR (0C)

ERR (OD)

FERR (OD)

Cyclic Redundancy
Check Bit Error

Error Signal

Framing Error

CKERR pulses high with the emergence of the '‘F’’ CRC bit at RSER if a cyclic bit
error is detected.

ERR pulses high for one bit time upon detection of a framing error or check sum error.
This signal pulses high for one bit time, upon detection of a frafnlng or check sum

error. Response varies according to mode. Applicable to 193A, S & N, 197S & N, &
256N modes.
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R8070 Input/Output Signal Characteristics (Continued)

Mnemonic | Definition Function

MODE DEPENDENT RECEIVE ERROR
OUTPUT SIGNALS (Continued):

FMERR (OD) Receive Frame FMERR pulses high for one bit time to indicate detection of either frame or
Multiframe Error multiframe errors. Applicable to 256S mode.
RMRED (OC) Receive Multiframe Red RMRED is active-high when two consecutive multiframe alignment errors have

occurred or if all TS16 data bits are low for a complete multiframe. When RMRED
is high, the transmitter transmits a multiframe yellow alarm in bit 6 of TS16,
containing the multiframe alignment signal.

RMYEL (OF) Receive Multiframe RMYEL contains the extracted bit 6 of TS16 that represents the multiframe
Yellow alignment signal.
SERR (OE) S-Bit Errors SERR pulses high for one bit time each time an error 1s observed in the received

S-bit pattern.

MODE DEPENDENT RECEIVE SIGNALLING
OUTPUT SIGNALS:

MS1, MS2 (OF, OG) Master State The two least significant bits MS1 and MS2 are of the master state sequence code.
Sequence Code

RLCLK (OG) Receive Link Clock RLCLK represents a square clock at the data rate of RLINK.

RLINK (OF) Receive Data Link RLINK reports data extracted from the ‘‘Received Link Data,”” occurring at the rates

corresponding to the various transmission modes (refer to 256N mode Receive Link
Data Timing Diagram).

RLINK1 (OC) Receive Link 1 An active-high level indicates the reception of 255 consecutive ones in time slot 16.
RMFA (OA)—193F mode Receive Multiframe RMFA 1s high for the duration of frame 24. Transitions coincide with the emergence
RMFA (OB)—256S mode Alignment of the ““F”’ bits at RSER.

In the 256S mode, RMFA is active-high for the duration of the frame which contains
the multiframe alignment signal.

RSBCLK (OC) Receive S-Bit Clock RSBCLK is a 4 kHz square clock whose low to high transition occurs 1 bit after the
emergence of RSBIT (Fg) at RSER.
RSIG (OA) Receive Signalling RSIG 1s active-high during the receipt of signalling frames. Activity 1s suspended if
Frame recent errors have been observed in the F-bit or S-bit.mode dependent signal.
RSIGBD (OB) Receive Signalling B RSIGBD represents a 2 kHz square wave with low-to-high transitions occurring
orD during frames containing the A or C signalling, and high-to-low transitions occurring

during frames containing B or D signalling.

RSIGCD (OC) Receive Signalling C RSIGCD represents a 1/3 kHz square clock with transitions coinciding with the
orD emerging F-bit at RSER.

RSBIT (OB) Receive Signalling- RSBIT 1s the most current received S-bit coincident with the emergence of the S-bit
Framing Bit at RSER and is mode dependent.

COMMON TRANSMIT INPUT SIGNALS:

TCLK Transmit Clock All inputs of the transmit section are sampled on the rising edge of TCLK.

TFSYNC Transmit Frame Sync TFSYNC synchronously restarts the transmitter to the beginning of a frame

TFSYNC reinforces the internal count cycle when pulsed once per frame.
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R8070 Input/Output Signal Characteristics (Continued)

Mnemonic

Definition

Function

COMMON TRANSMIT INPUT SIGNALS (Continued)

TIDLE

TLOOP

TMSYNC

TYEL

Transmit Idle

Transmit Loop

Transmit Multiframe
Sync

Transmit Yellow Alarm

When high, TIDLE causes the transmitter to output idle code in all message channels
via TNRZ, TPOS and TNEG.

When high, TLOOP causes the transmitter to alternately transmit ones on TPOS and
TNEG, and the transmitter internal TPOS and TNEG signals to be routed to the receive
function in place of RPOS and RNEG. TLOOP does not affect TNRZ.

When active-high, it synchronously sets the internal frame counter to the first frame of
a multiframe.

High level on TYEL activates the transmission of a yeliow alarm and is mode dependent.

COMMON TRANSMIT OUTPUTS:

TMAX

TNRZ

TPOS, TNEG

Transmit Maximum
Transmit Non-Return
to Zero

Transmit Positive,
Negative

TMAX pulses high for one bit time coincident with the sampling of the last serial bit of
a multiframe.

This output contains the non-return-to-zero bit stream of the transmitter. TNRZ is not
affected by TLOOP, HDB3 or B8ZS functions.

TPOS and TNEG contain the transmit output bit stream conditioned for alternate mark
inversion. This sequence of steering alternate ones for each of these outputs is
deliberately broken when a B8ZS or HDB3 substitution takes place.

PARALLEL MODE TRANSMIT OUTPUT:

TCHCLK

TCHSYNC

Transmit Channel
Clock

Transmit Channel
Sync

TCHCLK indicates times when parallel data has been sampled.

TCHSYNC 1s an 8-bit signal active prior to the sampling of parallel data for the first
message channel.

SERIAL MODE RECEIV

E INPUT SIGNALS:

TSA

TSIGMD

TABCD

TSER

Transmit Sequence
Advance

Transmit Signalling
Mode

Transmit Signalling
ABCD

Transmit Serial

When TSA s high, transitions on TSQ1-TSQ5 and TSIGSQ are advanced one bit time
Refer to the Transmit Seqence Code Timing Diagram.

TSIGMD indicates that signalling is included within the senally input bit stream or
through dedicated signalling inputs. The effect of TSIGMD varies for different modes.

TABCD consists of a serial bit stream containing transmit signalling sampled at an
8 kHz rate for each of the 30 channels, applicable to the 256S mode

TSER is a serial bit stream containing the message data

SERIAL MODE RECEIV

E OUTPUT SIGNALS:

TSIGSQ

TSQ1-TSQs5

Transmit Signalling
Square

Transmit Sequence
Code Bits 1-5

TSIGSQ is a 2/3 kHz square wave aligned to cause certain per-channel codecs to
insert A and B signalling into TSER.

TSQ1-TSQ5 represent the transmit sequence codes with coding identical to RSQ
When TSA is high, these transitions occur an additional bit time earlier

PARALLEL MODE TRANSMIT INPUTS:

T1-T8

Transmit Channel Data
Bits 1-8

T1-T8 are sampled by the rising edge of the TCLK These inputs should be applied
when TCHCLK s low
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R8070 Input/Output Signal Characteristics (Continued)

Mnemonic

T

Definition

Function

FRAMING MODE DEPENDENT TRANSMIT

INPUT SIGNALS:

TDATIS (IC)

TLNKMD (ID)

TA(C), TB(D), IA, IB

TA, TB, |IA and IB
TIBITS, TNBITS,
TXBITS

TFSIG (ID)

TLINK (IC)

YELMD (IC)

TSBIT (IA)

Transmit Data Ones
Transmit Link Mode
Transmit TA(C) and

TB(D) Signalling

Transmit A and B
Signalling

Transmit international,
national and extra bits
Framing-Bit Signal

Transmit Link

Yellow Alarm

Transmit S-bit

A high level on TDATIS triggers the transmission of all ones in time slot 16.

A one or zero level on TLNKMD selects between data or Link information to be
transmitted in TS16 (applicable to 256N mode).

These signals provide A(C) and B(D) robbed-bit signalling

A and B are selected when TSIGSEL = 0.
C and D are selected when TSIGSEL = 1.

These conditions are applicable to the 193E.

TA and TB are sampled at the beginning of a channel time to provide A and B robbed-
bit signalling (applicable to the 193S and 197S modes).

These signals allow the transmission of the international, national and extra bits
Applicable to modes 256 S&N.

TFSIG input provides the Fr and Fg bits (mode dependent) The input 1s sampled
coincident with the sampling of channel one parallel data.

Provides a serial data link input at either 4, 32, or 64 Kbps, depending on mode
(equivalent to the rates on RLINK).

YELMD input selects method for Transmission and detection of yellow Alarm if low,
yellow Alarm will be transmitted as the inhibit of bit 2 If high, yellow Alarm is identified
as the Fg bit for frame 12

In modes 193N and 197N, this input 1s sampled to provide the transmitted S-bit to
control the S-bit transmission

FRAMING MODE DEPE|
OUTPUT SIGNALS:

NDENT TRANSMIT

TTS16 (OJ)

TMFA (OH)

TNSYNC

TFGEN (OJ)

TFR24 (OE)

TLCLK (OH)

TSBCLK (OE)

TSIGSEL (OE)

Transmit Time Slot 16

Transmit Multiframe
Alignment

Transmit National
Bit-Sync

Framing-Bit Generator

Transmit Frame 24
Transmit Link Clock
Framing-Bit Generator

Transmit Signalling
Select

Active for 8 bit times prior to the sampling of TS16 data at TSER.

TMFA is active during sampling of data for frames containing the multiframe alignment signal
TNSYNC is active-high during sampling of the nationai bits (bits 4 through 8) of TS0 for
frames not containing frame alignment

This signal is the composite framing pattern generator. It is the result of multiplexing
externally-supplied S-bit data with the internally-generated framing pattern, the data link
and the CRC check bits appropriate to the operating mode

A high level on TFR24 indicates that frame 24 is being processed.

TLCLK represents a square clock at the data rate of TLINK.

TSBCLK 1s a 4 kHz square wave whose rising edge occurs two bit times after the
TSBIT input has been sampled.

When low, it indicates that A and B channels are being sampled When high, it
indicates that C and D channels are being sampled Transitions coincide with the
sampling time of the “F”’ hits
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POWER

CLOCK V\N\/\A/\NW\/\/\/\,—AW/\/\/\NV\NV

PUP [e——tupn SEE TIMING REQUIREMENTS

TRISTATE “1”
DATA /¥ 4\[ DATA
OUTPUTS “0”
Power Up Timing Requirement
RCLK
FRAME 12 OF FRAME 1 OF
MULTIFRAME N tap —»{ |«=>1 [~ tRo MULTIFRAME N + 1
rser X4 X 5 X6 X7 X 8 )XF X+ GGDGG@G 2 X3 X9)
CHANNEL 24 CHANNEL 1 CHANNEL 2
RRED X
RSYNC }r
—i tsnw [<—  SEE TIMING REQUIREMENTS

North American 193 Mode Receive Synchronization Timing
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LYAVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVAVAVAN

FRAME 15 OF FRAME 0
MULTIFRAME N [ tro OF MULTIFRAME N + 1

RsER __X 4 X 5 X 6 X 7 8)? ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
TIME SLOT 31 TIME SLOT 0 N TIME SLOT 1

RRED

—1 tsnw
RSYNC

N

European Receive Synchronization Timing

RCHCLK

r1-Re _X CHANNEL 23 X CHANNEL 24 X CHANNEL 1 X

RSER X1 X2 X3 X4 X5 X6 X7 XEXIX2X3IX4XEXEXTXEXEXIXZINEXEXEXTXEX1X2)

taw SEE TIMING REQUIREMENTS
RWIHBT  \ _H— / 0\ /T
RCHSYNC + N\

NOTE: ABOVE TIMING IS APPLICABLE
TO ALL 193 MODES.

Parallel Mode Receive Signals Timing
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R AP
f—— CHANNEL 23 ——>]

CHANNEL 24 CHANNEL 1

s

IR L trp . l : i :
RSER _X_ 1 X2X3X4 X5 X6 X7 X8R 1 X2X3X4X5X6XTX8XFEXLX1X2X3X4X5XeX7X8X)

RSQ5 N\
rRsqs [ o f ./ \
— |«—tap  SEE TIMING REQUIREMENTS
RSQ3 N m
RSQ2 N /
RSQ1 £ R / ___
NOTE: DID & D2 = 0
RSHIFT = 0
RSR = 0

197 Mode Receive Sequence Code Timing

RCLK

RSER

RIBITS

TIME SLOT 1

w

| TIME SLOT ZERO |
5< 1 X2 X3 XA XX e XXX X2 X3 X X5 XE)

RNBITS

|=—tro

F

National and International Bit Timing
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——

TIME SLOT 15 TIME SLOT 16

RSER 1 BIT 8 X BIT 1 4X BIT 2 Xi BIT 3 X BIT 4

— tpp [+

™

RLINK  BIT 8 FRAME N-1 ) BIT 1 FRAME N

RLCLK 7[

RTS16 7L

256N Mode Receive Link Data Timing

YAV VWAV

TCLK

YRR
VR,
I-— toop e IF TSA =0
TSQ1- ; )i"
TSQ5 \
SEE TIMING .
REQUIREMENTS osT >

TSER

tsas

TSA

SEE TIMING

t
<~ 'S0A™ REQUIREMENTS

TSQ1- x
TSQ5 !
EFFECT OF TSA = 1/

Transmit Sequence Code Timing
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FRAMING MODE SUMMARY

The framing mode dependent signals are summarized in the
table below. Inputs IA-ID and output OA-OJ are functionally
related to the various modes of operation as previously

discussed.
Framing Mode-Dependent Signals
Inputs Modes
: 193N 193S 197N 197S 193E 193F 256N 256S
PIN "
1A TSBIT TA TSBIT TA TA(C) * TIBITS TIBITS
1B * B * B TB(D) N TNBITS TNBITS
IC * YELMD TLINK TLINK TLINK TLINK TLINK TDAIS
D TFSIG TFSIG TFSIG TFSIG TFSIG TFSIG TLNKMD TXBITS
Outputs Modes
OA RSIG RSIG RSIG RSIG RSIG RMFA RTS16 RTS16
oB RSBIT RSBIT RSBIT RSBIT RSIGBD . RIBITS RMFA
oC RSBCLK RSBCLK RSBCLK RSBCLK RSIGCD CKERR RLINK1 RMRED
oD FERR FERR FERR FERR ERR FERR FERR FMERR
OE TSBCLK SERR TSBCLK SERR TSIGSEL TFR24 RNBITS RNBITS
OF MS1 MS1 RLINK RLINK RLINK RLINK RLINK RMYEL
oG MS2 MS2 RLCLK RLCLK RLCLK RLCLK RLCLK RXBITS
OH ** b TLCLK TLCLK TLCLK TLCLK TLCLK TMFA
oJ TFGEN TFGEN TFGEN TFGEN TFGEN TFGEN TTS16 TTS16
Notes
*Test inputs, preferably tied to a high level
**Test outputs, leave unloaded

INPUT/OUTPUT SETUP/HOLD TIMES

Input/Output Setup/Hold Times Timing Requirements

tupn (power up hold time) = 16 clock periods minimum

Output Maximum . A N
(Transmitter/Receiver) Delay Unit tsas (TSQ setup time) = 1 clock period or 2 depending on
— TSA
g?z:f:;?ng:?s?:"zg edge 100 ns tpsT (transmit data setup time) = 60 ns minimum
otherwise) trp (receive data oupu.t delay) = 100 ns (naximum
- tsnw (RSYNC pulse width) = 1 clock period
Input (Transmitter/Receiver) Mg‘;?"“m Unit taw (write inhibit pulse width) = 2 clock periods typical
Tm:’: tsnw (RSYNC pulse width) = 1 clock period typical
- tsoa (TSQ advance time) = 1 clock period

Input Setup and Hold Times 60 ns tpop (transmit data output delay) = 100 ns maximum

trsT (receive input setup time) = 60 ns minimum
trHT (receive input hold time) = 60 ns minimum
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R8070 T-1/CEPT PCM Transceiver

MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Voo +4.75 to 5.25 vdc damage to the dewcg. This is a stress rating only aqq functional
- operation of the device at these or any other conditions above
Operating Temperature those indicated in the other sections of this document is not
Commercial Torc O0to +70 °C Lo R ] ,
: implied. Exposure to absolute maximum rating conditions for
Industrial Topi ~40to +85 ; - -
extended periods may affect device reliability.
Storage Temperature Tsta -55to +150 °C

ELECTRICAL CHARACTERISTICS

Parameter Symbol Min Max Unit Test Condition
Input Logic ‘1" Voltage ViH 2.0 Vee + 0.3 \"
Input Logic ‘0" Voltage ViL — 08 "
Output Logic "'1” Voltage Vor grass 2¢ - v 'Itgiz - 060'22
Output Logic 0" Voltage VoL — 04 \ lloap = +1.6 MA
Output Source Current lon -100 rA Voy = 2.4V
Output Sink Current loL +1.6 mA VoL = 04V
Clock Frequency Tk 100 kHz 2.049 MHz
Input Capacitance Cin 5 pF
Output Capacitance Cout 50 pF
Power Dissipation Pwo 100 mw

REFERENCE DATA

For detail information refer to the R8070 T-1/CEPT PCM
Transcetver Designer’s Guide. Order Number 313.
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PACKAGE DIMENSIONS

64 PIN PLASTIC QUIP

LT,

5 )

1 32

MILLIMETERS INCHES

DIM | MIN MAX | MIN | MAX
A [ 4115 [ 4166 | 1620 [ 1640
B 1702 | 1758 | 0670 | 0690
[ 305 456 [ 0120 {0180
D 038 051 ] 0024 | 0020
F 127 BSC 0050 BSC
G 254 BSC 0100 BSC
H 102 114 [ 0040 | 0045
J — 7° — 7°
K 279 432 {0110 | 0170
L 1892 | 1981 | 0745 [ 0755
M [ 2337 | 2362 | 0920 | 0930

|

sSr
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SEMICONDUCTOR PRODUCTS DIVISION REGIONAL ROCKWELL SALES OFFICES

HOME OFFICE

Semiconductor Products Division

Semiconductor Products Divisi
Rockwell International

4311 Jamboree Rd

P.O Box C, MS 501-300
Newport Beach, CA 92658-8902
(714) 833-4700

TWX. 910 591-1698

UNITED STATES

Rockwell International
1842 Reynolds

Irvine, CA 92714

(714) 833-4655

ELS 62108710

TWX 910 595-2518

Semiconductor Products Division
Rockwell International

3375 Scott Blvd., Suite 410

Santa Clara, CA 95054

(408) 980-1900

TLX 756560

ALABAMA
Huntsville
Robert O Whitesell & Associates
(205) 883-5110

ARIZONA
Phoenix
Hecht, Henschen, & Assoc Inc
(602) 275-4411

ARKANSAS
Norcom
(See Tulsa, Oklahoma)

CALIFORNIA
Cupertino
Thresum Associates, Inc
(408) 996-9889

Los Angeles
Integrated Systems & Device Sales
(213) 478-0183

Santa Ana

Integrated Systems & Device Sales

(714) 973-2162

San Diego

Brian De Pierre & Assoc

(619) 578-2555

Woodland Hills

Integrated Systems & Device Sales

(818) 883-7130
COLORADO

Denver

Quorum 3

(303) 696-8480
CONNECTICUT

North Haven

Kitchen & Kutchin

(203) 239-0212
DELAWARE

Beacon North Inc.

(See Fairfax, Virginia)
FLORIDA

Orlando
Curne, Pealk & Fraz
(305) 855-0843

GEORGIA

Norcross
Currie, Peak and Frazier, Inc
(404) 449-7662

F Inter
2001 N. Collins Bivd., Suite 103
Richardson, TX 75080

(214) 996-6500

TLX. 501258

TWX: 910 997-6855

Semiconductor Products Division

Rockwell International

10700 West Higgins Rd , Suite 102

Rosemont, IL 60018
(312) 297-8862

TWX 910 233-0179 (Rl MED ROSM)

Products Divisi

Rockwell International
5001 B Greentree
Executive Campus, Rt 73
Marlton, NJ 08053

(609) 596-0090

TWX 710 940-1377

EUROPE

Semiconductor Products Division

d Products D
Rockwell International GmbH
Fraunhoferstrasse 118
D-8033 Munchen-Martinsried
Germany
(089) 857-6016
Telex' 0521/2650 rimd d

Semiconductor Products Division

Rockwell International Limited
Heathrow House, Bath Rd.
Cranford, Hounslow,

Middlesex, England TW5 9QW
(01) 759-2366

Telex' 851-25463

Semiconductor Products
Rockwell Collins Italiana S.P.A.
Via Boccacclo, 23

20123 Milano, Italy

(39-2) 498-7479

Telex 316562 RCIMIL 1

UNITED STATES / CANADA
SALES REPRESENTATIVES

IDAHO
Caruso & Northcutt
(See Bellevue, Washington)
ILLINOIS
Rosemont
Rockwell International
(312) 297-8862
INDIANA
Fort Wayne
Robert O Whitesell & Associates
(219) 4325591
Indianapolis
Robert O Whitesell & Associates
(317) 359-9283
Kokomo
Robert O Whitesell & Associates
(317) 457-9127
IOWA
Cedar Rapids
Dy-Tronix Inc
(319) 377-8275
KANSAS
Dry-Tronix Inc.
(See Cedar Rapids, lowa)
(See Bridgeton, Missouri)
KENTUCKY
Louisville
Robert O Whitesell & Associates
(502) 426-7696

LOUISIANA

Robert O. Whitesell & Associates

(See Huntsville, Alabama)
MAINE

Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)

MARYLAND
Mt. Airy
Beacon North, Inc
(703) 591-1300
(800) 336-3747 (MD)

Randalistown

Beacon North, Inc

(800) 336-3747 (MD, DE)
(703) 591-1300

Note Refer to Rockwell Document RD-1 for detailed address information

MASSACHUSETTS
Burlington
Kitchen & Kutchin, Inc
(617) 229-2660
MICHIGAN
Grand Rapids
Robert O. Whitesell & Associates
(616) 942-5420
Southfield
Robert O Whitesell & Associates
(313) 559-5454
St. Joseph
Robert O Whitesell & Associates
(616) 983-7337
MINNESOTA
Eden Prairie
Electronic Innovators, Inc
(612) 941-0830

MISSISSIPPI

Robert O. Whitesell & Associates

(See Huntsville, Alabama)

MISSOURI

Bridgeton

Dy-Tronix Inc

(314) 291-4777

Independence

Dy-Tronix Inc

(816) 373-6600
MONTANA

Rockwell International

(See Rosemont, lllinois)
NEBRASKA

Rosemont

Semiconductor Products Division

Rockwell International

(312) 297-8862
NEVADA

Thresum Associates, Inc.

(See Cupertino, California)
NEW HAMPSHIRE

Kitchen & Kutchin, Inc.

(See Burlington, Massachusetts)
NEW JERSEY

Boonton

PAF Associates, Inc

(201) 335-0680

Mariton

Naudain Assoc , inc

(609) 983-5300

Immeuble de Bureaux Evry 2
523, Place des Terasses
91034 Evry Cedex, France
078 28 88

FAR EAST
Semiconductor Products Division
Rockwell International
Overseas Corp.
Itohpia Hirakawa-cho Bldg
7-6, 2-chome, Hirakawa-cho
Chiyoda-ku, Tokyo 102, Japan
(03) 265-8806
Telex. J22198

Rockwell—Collins Int’l.
Tai Sang Commercial Bldg
11th Floor

23-34 Hennessy Rd.

Hong Kong

(5) 274-321

TLX. 74071 HK

NEW MEXICO
Albuquerque
Hecht Henschen & Associates
(505) 821-3979
NEW YORK
Rochester

Ossmann Component Sales Corp
(716) 424-4460

Syracuse
Ossmann Component Sales Corp
(315) 455-6611

Smithtown, L.I.
PAF Associates, Inc
(516) 360-0940

Vestal
Ossmann Component Sales Corp
(607) 754-3264

NORTH CAROLINA
Greensboro

Currie, Peak and Frazier, Inc
(919) 373-0380

NORTH DAKOTA

Rockwell International
(See Rosemont, lllinois)

OHIO
Cincinnati
Robert O Whitesell & Associates
(513) 521-2290

Cleveland
Robert O Whitesell & Associates
(216) 447-9020

Columbus
Robert O Whitesell & Associates
(614) 888-9396
Dayton
Robert O Whitesell & Associates
(513) 298-9546
OKLAHOMA
Tulsa
Norcom, Inc

(218) 832-7747



PENNSYLVANIA
Naudaln Assoc., Inc.
(See Marlton, New Jersey)

Pittsburgh
Robert O. Whitesell & Associates
(412) 963-6161
RHODE ISLAND
Kitchen & Kutchin, Inc.
(See Burlington, Massachusetts)
SOUTH CAROLINA
Columbia
Currie, Peak and Frazier, Inc.
(803) 254-1971
SOUTH DAKOTA

Rockwell International
(See Rosemont, lllinois)

SALES REPRESENTATIVES (Continued)

TENNESSEE
Knoxville
Robert O. Whitesell & Associates
(615) 694-9476

TEXAS
Austin
Norcom, Inc.
(512) 451-2757
Dallas
Norcom, Inc.
(214) 386-4888
Houston
Norcom, inc.
(713) 778-0392

UTAH

Quorum 3
(See Denver, Colorado)

VERMONT

Kitchen & Kutchin, Inc.

(See Burlington, Massachusetts)

VIRGINIA

Falrfax

Beacon North, Inc.

(703) 591-1300

(800) 336-3747 (MD, DEL)
Forest

Beacon North, Inc.
(804) 239-8486

WASHINGTON, D.C.

A-2

Beacon North, Inc.
(See Fairfax, Virginia)

WEST VIRGINIA
Robert O. Whitesell & Associates
(See Cincinnati, Ohio)
WISCONSIN

Wauwatosa
Larsen Associates Inc.
(414) 258-0529

WYOMING
Quorum 3
(See Denver, Colorado)

CANADA

Willowdale, Ontario
Renmark Electronics Limited
(416) 494-5445

Nepean, Ottawa
Renmark Electronics Limited
(613) 727-0320



UNITED STATES

ALABAMA
Huntsville
Hamilton/Avnet Electronics
(205) 837-7210

Huntsville
Contact Electronics
(205) 881-9321

ARIZONA
Scottsdale
Western Micro Technology Inc
(602) 948-4240

Tempe
Hamilton/Avnet Electronics
(602) 231-5100

Tempe
Bell Industries
(602) 966-7800

CALIFORNIA
Chatsworth
Hamilton/Avnet Electronics
(818) 700-6500

Chatsworth
Hamilton Electro Sales
(818) 700-2600

Costa Mesa
Avnet Electronics
(714) 754-6111

Costa Mesa
Hamilton Electro Sales OC
(714) 641-4100

Culver City
Hamilton Electro Sales
(213) 558-2121

Culver City
Hamilton/Avnet Electronics
(213) 558-2441

Cupertino
Western Micro Technology Inc
(408) 725-1660

Garden Grove
Bell Industries
(714) 220-0681

Sacramento
Hamilton/Avnet Electronics
(916) 925-2216

San Diego
Hamilton/Avnet Electronics
(619) 571-7510

Sunnyvale
Bell Industries
(408) 734-8570

Sunnyvale
Hamilton/Avnet Electronics
(408) 743-3355

Santee
Mouser Electronics
(619) 449-2229

Thousand Oaks
Bell Industries
(805) 499-6821

Torrance
Hamilton/Avnet Electronics
(213) 615-3931

Tustin
Image Electronics
(714) 730-0303

INDUSTRIAL DISTRIBUTORS

UNITED STATES / CANADA

COLORADO
Inglewood
Hamilton/Avnet Electronics
(303) 740-1000

Wheatridge
Bell Industries, Inc
(303) 424-1985

CONNECTICUT

Danbury
Hamilton/Avnet Electronics
(203) 797-2800

East Haven
J V Electronics
(203) 469-2321

Hamden
Almo Electronics
(203) 288-6556

FLORIDA

Fort Lauderdale
Hamilton/Avnet Electronics
(305) 971-2900

Largo
Graham Electronics
(813) 541-4433

Orlando
Hammond Electronics
(305) 849-6060

St. Petersburg
Hamilton/Avnet Electronics
(813) 576-3930

Winter Park
Hamilton/Avnet Electronics
(305) 628-3888

GEORGIA
Norcross
Hamilton/Avnet Electronics
(404) 447-7500

Norcross
Hammond Electronics
(404) 449-1996

ILLINOIS
Bensenville
Hamilton/Avnet Electronics
(312) 860-8522
Chicago
Bell Industries
(312) 982-9210

Rosemont

Advent Electronics

(312) 298-4210
INDIANA

Carmel

Hamilton/Avnet
(317) 844-9333

Fort Wayne
Graham Electronics
(219) 423-3422

Indianapolis
Advent Electronics
(317) 872-4910
Indianapolis
Graham Electronics
(317) 634-8202
IOWA
Cedar Rapids
Advent Electronics
(319) 363-0221

KANSAS
Cedar Rapids
Bell Industries
(319) 395-0730

Overland Park

Hamilton/Avnet Electronics

(913) 888-8900
MARYLAND

Columbia ‘

Hamilton/Avnet Electronics
(301) 995-3550

Hopkinton
Interface Electronics Corp
(617) 435-6858

Rockville
Almo Electronics Corp
(301) 792-9197

MASSACHUSETTS

Canton
Almo Electronics
(617) 821-1450

Westboro
Future Electronics Corp
(617) 366-2400

Wilmington
R C Components, Inc
(617) 273-1860

Woburn

Hamilton/Avnet Electronics

(617) 273-7500
MICHIGAN

Farmington Hills

Advent Electronics

(313) 477-1650

Grand Rapids

Hamilton/Avnet Electronics

(616) 243-8805

Livonia

Hamilton/Avnet Electronics

(313) 522-4700

Livonia

Reptron

(313) 525-2700
MINNESOTA

Fridley

Voyager Electronics Corporation

(612) 571-7766
Minnetonka

Hamilton/Avnet Electronics
(612) 932-0600
MISSOURI
Earth City
Hamilton/Avnet Electronics
(314) 344-1200
NEW JERSEY
Berlin
General Components, Inc
(609) 768-6767
Bloomingdale
Pan American Electronics
(201) 839-0077
Cherry Hill
Hamilton/Avnet Electronics
(609) 424-0110
Fairfield
Hamilton/Avnet Electronics
(201) 575-3390

Fairfield

Semuspecialists of America inc

(201) 227-7444

A-3

NEW MEXICO
Albuquerque
Hamilton/Avnet Electronics
(505) 765-1500
Albuquerque
Bell Industries
(505) 292-2700

NEW YORK
East Syracuse
Hamilton/Avnet Electronics
(315) 437-2641
Hauppauge, LI
Hamilton/Avnet Electronics
(516) 231-9800

Farmingdale

Semispecialists of America Inc

(516) 293-2710

Liverpool
Future Electronics
(315) 451-2371

Rochester
CAM/RPC
(716) 865-2080

Rochester
Hamilton/Avnet Electronics
(716) 475-9140

NORTH CAROLINA

Greensboro
Hammond Electronics
(919) 275-6391

Raleigh
Hamilton/Avnet Electronics
(919) 878-0810

OHIO
Cincinnati

Graham Electronics
(513) 772-1661

Cleveland
CAM/RPC
(216) 461-4700

Cleveland
Hamilton/Avnet Electronics
(216) 831-3500

Columbus
Graham Electronics
(614) 895-1590

Dayton
Hamilton/Avnet Electronics
(513) 433-0610

Dayton

Bell Industries

(513) 434-8231
Westerville
Hamilton/Avnet Electronics
(614) 436-4158

OKLAHOMA

Tulsa
Quality Components, Inc
(918) 664-8812



OREGON
Beaverton
Western Micro Technology Inc
(503) 629-2082
Lake Oswego
Bell Industries
(503) 241-4115
Lake Oswego
Hamilton/Avnet Electronics
(503) 635-8157

PENNSYLVANIA
Philadelphia
Almo Electronics
(215) 698-4000
Pittsburgh
Almo Electronics
(412) 931-5990
Pittsburgh
CAM/RPC
(412) 782-3770

York

EC.

(717) 843-8971
TENNESSEE

Nashville
Graham Electronics
(615) 242-2682

INDUSTRIAL DISTRIBUTORS (Continued)

TEXAS
Addison
Quality Components, Inc.
(214) 733-4300

Austin
Quahty Components, Inc.
(512) 835-0220

Austin
Hamilton/Avnet Electronics
(512) 837-8911

Irvine (Dallas)
Hamilton/Avnet Electronics
(214) 659-4111

Houston
Hamilton/Avnet Electronics
(713) 780-1771
Sugarland
Quality Components, Inc
(713) 491-2255

UTAH

Salt Lake City
Hamilton/Avnet Electronics
(801) 972-2800

WASHINGTON
Bellevue
Bell Industries
(206) 747-1515

Bellevue
Hamilton/Avnet Electronics
(206) 643-3950

Redmond
Western Micro Technology Inc
(206) 881-6737

WISCONSIN
Milwaukee
Industnial Electronics Corp
(414) 276-1212

New Berlin
Hamilton/Avnet Electronics
(414) 784-4510

Waukesha
Bell Industries
(414) 784-0235

A4

CANADA

Calgary, Alberta
Cardinal Industnal Electronics, Ltd
(403) 259-6817

Calgary, Alberta
Hamilton/Avnet Electronics
(403) 230-3586

Downsview, Ontario
Future Electronics Inc.
(416) 663-5563

Edmonton, Alberta
Cardinal Industnial Electronics Ltd.
(403) 483-6266

Mississauga, Ontario
Hamilton/Avnet Electronics
(416) 677-7432

Montreal, Quebec
Future Electronics Inc
(514) 694-7710

Nepean, Ontario
Hamilton/Avnet Electronics
(613) 226-1700

Ottawa, Ontario
Future Electronics Inc
(613) 820-8313

St. Laurent, Montreal, Quebec
Hamilton/Avnet Electronics Ltd.
(514) 335-1000

Toronto, Ontario
Canadian General Electric
(416) 530-2921

Vancouver, B.C.
Future Electronics, Inc
(604) 438-5545



