




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R24LL 

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 (1 :200 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)-ln 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 extemal 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, SBGR, K, Y, TC06, BOOMS, 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.BK ohms. If a 600 ohrn 
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 

RECIN 

n 
TO LINE INTERFACE 

CIRCUITRY 

TRANSMITTER 

R Tl 
."tv 

EXTERNAL 
REGISTER 

R24LL Half-Duplex Mode 
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R24LL 
INTERFACE CRITERIA 
The R,24LL interlace 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 

Inj)~t Logic State ADowed Input Voltage Levels 

Low -12V (Voo) to 0.8V sinking <10 p,A 
High +4.0V (V ss - W) to +5.0V (V ss) sourcing 

<10 p,A 

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

Digital Output Characteristics 

Output Logic Stale Allowed Output Voltage Levels 

Low O.OV to 0.4V (-0.4V to +0.4V for RLSD) 
sinking 0.36 mA 

High +4.0V (V S8 - 1 V) to +5.0V (V sS> sourcing 
100 p,A 

The digital outputs are directfy CMOS or low-power Schottky TTL 
compatible. 

Digital Interchange Circuits 

Term 

TONA 

800MS 

TCOS 

K 

X 
CAUTO 

New Sync (NSYNC) 

C LAMP 
Fast Energy 
Detector (RLSD) 
Fast Sync (RSYC) 

S8GR 

Pin 
Number Description 

Pl-AS Output indicating completion of 
answering tone. 

Pl-A6 Input affecting Clear-to-8end re-
sponse time. 

PI-A7 Input affecting Clear-to-Send re-
sponse time. 

Pl-A8 Input affeeting Ready-for-Sending 
response time. 

Pl-A9 Input affecting T109 Squelch. 
Pl-A10 Input initiation transmission of an-

swering tone. 
Pl-A13 Input affecting Tl09 Squelch. 
Pl- 1 I 1 A 5 Input forcing sque ch of T 09 
Pl-A17 Input generating Tl09. 

P1-A18 Input determining whether fast 
sync feature (fast resynchroniza­
tion upon recovery-of received line 
signal following momentary drop­

. out) is enabled. 

Pl-A19 Input determining whether the 
modulo 8 pattern guard will be In­
corporated Into the scrambler 
facility. 

Note: 

DCP 

R2W/4W 

Receiver Baud Clock 
(RBCK) 
PBS 

TH09 

Transmitted Date 
(Tl03) 

Clear-to-Send or 
Ready-for-Sending 
(TID6) 
Data Signalling Rate 
Selector (Tl11) 

Receive Clock 
(TllS) 

E 
T2W/4W 
Y 

Transmitter Baud 
Clock (TBC) 
A 

THRH 

V26A1B 

CP15 

RCVDS 
SYC 
PE 
TC09 

CP04 
Extemal Transmit 
Clock (T113) 

Request-ta-Send 
(Tl05) 

Received Date 
(Tl04) 

Transmit Clock 
(T114) 

carrier Detect 
(Tl09) 

Pl-A21 

P1-A22 

Pl-A23 

Pl-A24 

Pl-A25 

P1-A29 

Pl-A30 

Pl-A32 

Pl-A33 

Pl-B6} 
Pl-B7 
Pl-B8 

Pl-Bl0 

Pl-Bll 

Pl-BI5 

Pl-BI8 

Pl-BI9 

2400 BPS Modem 
Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input affectihg state of THRH 
output. 

For 2400 ,bps operation. 

Input determining Tl09 On-to-Off 
response time. 
Input affecting state of THRH 
output. 
InpUt for digital data to' be 
transmitted. 

Output indicating readiness to ac­
cept data for transmission. 

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 Tl09 Squelch. 
Input affecting Ready-for-Sendlng 
response time and answering tone 
frequency. 
Output b8.ud 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 Tl09 threshold set select 
function. 

Input selecting dlbitencoding at 
2400 bps operation as per V.26 
Alternate A or V.26 Alternate B. 

Pl-B20 Input selecting optional clamping 
of Receive Clock (TllS). 

Pl-B21} Digital outputs enabling user to 
Pl-B22 generate eye pattern and phase 
Pl-B23 error diagnostic information. 
Pl-B24 Input determining Tl09 Off-to-On 

response time. 
Pl-B25 Input determining Tl04 damping, 
Pl-B29 Input providing modem with trans­

mitted signal element timing 
Inlofmation. 

P1-B30 Input to transmitter. 

Pl-B31 Digital 'data output from' modem 
receiver . 

Pl-B33 Output providing user with trans­
mitted signal element timing 
infonnation. 

Pl-B24 Output indicating presence of sig­
nal energy on receiver line. 

The following PI connector pin locations should be left open and unconnected: 
A4, All, A12, A14, A16, A20, A35, Bl, 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 AlB (P1-A10) (Pl-B8) (P1-A5) Transmitted Signal 

(P1-A32j (P1-B19) Low Don't Care High Normal Operation 
Low Low 2400 bps Atternate 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 Norm!!1 Operation 
High Don't 1200 bps 

Care 

Selection of Clear-To-Send Response Times 

Clear-Ta-Send 
Response Times 

Inputs (ms) 

Turn-On Y 800MS K TC08 T2W/4W I E 
Sequence (p1-a8) (Pl-A6) (Pl-A8) (Pl-A7) (Pl-B7) (P1-B15) (Pl-B6) Off-ta-On On-ta-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 Oon'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 eachOIl-to-On and On-to-Oll response time is (+0.9, -0.1 ms). 

Carrier Detect Squelch 

Inputs 

X T2W/4W E Tl05 NSYNC Squelch Status 

(Pl-A9) (Pl-B7) (Pl-S6) (P1-B30) (P1-A13) 

Don't Care Don't Care Don't Care Don't Care Low Squelch 
Oon'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 Hig~Low High No Extended Squelch 

Notes: 

"Squelch" means that Carrier Detect (TlOg) 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 (Tl0S) is On (High) and for 148.3 ms (+0.9, 
-0.1 ms) following the On-to-Off (High to Low) transition of Tl 05. 
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R24LL, 

Carrier Detect Threshold Sel~tlon 

Gain Selilctecl 
THRH Strap " Th .... hbld Set' 

High Impedanca 131 -43 ciBm,-48 dBm 
High Impedanee 132' ..,33 dBm, -38 dam 
Low impedanCe 131 or q2 -26 dBm,-31 dElm 
to ground 

Gain must be shorted to eithar G10r G2. '" 

,: 

; THRH Operation 
" 

Input 
THRH 

TH09 R2w/4W 

Low Low H)gh ImPedance ",. 
High Low High Impedance 
Low High High Impedance 
High High Low Impedance 

THRH.is ari open-driiindnV$f representirig either a low imped' 
anca to ground «5OQ ohms) or a V$ry' high impedance state. I 

'Scrainbler/D.scnimbler " 

," Input 
S.crambler/DellCrambler ' 

i SaGA Configuration 
(P1-St5) (P1-At9) 

Low oOn'l cafe NQ Scrambler 
High Low Scrambler V.27bls, ler 

(modylO 8pallern guard) 
High High (no modulo 8 pattern guard) 

Analog Interface Clrcults-Theanillog il"ltE!rf~e, circuits of the 
R24LL defined in the following chart provide the power, the 
switched network connections; and a means for the user· to 
monitot the incoming line signals. ' 

Analoglntertac:. ClrcuHs 

" Pin 
T"", Number DellCrlptlon 

+12V' P1-B5,89 +12V PowerSupply. 
-12V 1>1"A1 ,~ : '-12V Powat !)Uppjy'· . 
+5V P1~A2, 52 +5V, powar Supply 
COMMON P1-A3, ~1,a3 Ground (signal, :iIIIJd pOwer 

return) 
T1 P1-A34 T1 lathe low Impedance 

transml1llir analog O\JIpUt~ln,a 
signal). The' T1, ,allows the 
ullllr the flexibility neeiled to , 
c\jStOmize his output imped-

", ance' (to compe~ta for 
transforl'ller losses, for in-
~). 

SE;CONDARY IN P1-S4 SecOndary channel Input 
from the DiE. 

RECIN P1-836 RecelV$ fittar input. Input 
impedance is a resistiV$ 15.8 
K ohms ± 1%. 

Audio Interface-The aUdio jlJ~rfaceiriCludes the R24LL's 
interface with the transmission' network, 

2400 BPS MOdem " 

The receiver and iransmitter line interfaces are' single-ended, 
(non·transformer coupled) signals ' w.ith 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· 
low.ing 'diagram using, a, true' RMS 
meter. ' 

I 
I 
I , 

>---'r-__ T"'1'Ir-,6QO-.J'w+'V.~1".-.~~~~E AMS 

600 + .1% 

. ReceIVer Voice' FrequenCy Input REC ,IN 

1. Input ImpedanCE!: 1.5:6K ohms ± '1% resist~ve 
. ., ~. , ,- .. -
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2. Maximum Input Level: .. 0.0 dBm 

The output level at the R24LL line interface is,less,!han -60, 
dBm in theJrequency ban,dbf 1 Hz to 1? Hz 'lVhen tbe}T1odem 
is not IranSQ'litting, AperiQ,(I, of ,1 00 millisecol1(1s is reqljired for: 
the line interfaces to sta:bllze fOllowing power~!n-on; , I: 

,loW impedance VoiCe f~quencyoutpiJt 1'.1 satisfie~ appli6atlons 
interfacing with lossy triinsform&rs or hybrids, .The characteris-
tics of T1 output~: , "', 

a. Output Impedance: Essentially zero ohms y/hen loadep to 
grovnd with, greater', than, 400"olir'ns 
(resistiv~). This, ill a di,rectqutput from an 
oPerational amplifier'. 

b. Minimurrl Lqad: ';,; 400 \l,hrn$' (reSistive) as measured Qatween 
T1and s,ignal ground. 

PEAFPR"'~NCE.D~TA " • ,'" 
TheR24LLisa high pertOrmancesyi1cl1ronous 2400,bps;[)PSK 
mOdElrit,lt ~iliZesa,coh.erent(lel'liOdulation tecl1nique·to achieve 
reliable operatTon over the sWitchednelwOrk or unConditioned 
lines.' , 

Timing, Jitter"'" the maximum steady state timin!i' iitt~r 'of 
ReCeiVed Clock with respect to TFan$rnitClock is less than to% 
pop foranh,pUt)signal~to-noi,se' ratio of 12 dB. 

BH E,rrorflate-The fbll6\ving graph representstypicaiR24LL 
perfOrmance. ' 
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SIGNAL TO NOiSe RATIO (DB) 

1. 1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 
2.2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER' 

NO EQUALIZER 
3. 2400 BPS, V.26A OR B, 15'-150 HZ PHASE JITTER, NO 

SCRAMBLER, NO EQUALIZER 
4. 2400 BPS, V.26A OR B, 30''-120 HZ PHASE JITTER, NO 

SCRAMBLER, NO EQUALIZER 
5. 2400 BPS, V.26A OR B, 3002 UNCONDITIONED LINE, 

NO SCRAMBLER, EQUALIZER 

Typical Bit Error Rate Performance 

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 cap be implemented with discrete.cir­
cuitry or in software within a microcomputer. 

Eye Pattern-By using the modem's digital output signals 
RCYDS, 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. 

2400 BPS Modem 

DISPERSION 

'" DUE TO GAIN 
~;U ERRORS 

~ 
Oi==:>- DISPERSION DUE 

:: :;-- TO PHASE ERRORS 

~ DISPERSION AROUND 

CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 

PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 

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. 

RECOMMENDED MATING CONNECTORS 
The R;14LL 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
ommends the following in order of preference: 

1. Burndy GTBH Series 
2. Continental 6100-;100 Series 
3. Elco 00-6307 Series 

POWER REQUIREMENTS 

Maximum 
Voltage Ripple Current 

+5 VDC ± 5% 100 mV pop 102 mA 
+12 VDC ± 5% 50 mV pop 64 mA 
-12 VDC ± 5% 50 mV pop 142 mA 

ENVIRONMENTAL SPECIFICA nONS 

10-100 

Operating Temperature: O°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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Integral Modems 

R24 
2400 BPS INTEGRAL MODEM 

INTRODUCTION 
i ' " 

The Rockwell R24 is a high 'performance sYllChronous serial 
2400 bps DPSK modem. Utilizing extensive MOS/LSI 
technology, the R24 is implemented'in ttiree 'mOdular building' 
blocks. It is innovatively designed to enablej~ ~nomic. integra- . 
tion by system designers i,ll' a broad range-of communication; 
computer, and ,control equipment. ' , . 

Having 8811201 BIC and cCln V.26 compatibility,themodular 
R24 offers the user sufficientflexibility 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. 

MOQULE VERSATILlT~ 

The v$"satility of the R24 .. design is achi.eved by dividing the 
modem's functions into threEt.modules: 

/:, I 

Transmitter - Module T 
Receiver - Modules R1 and:.R2 

Eac.h module tan be plugged in.to standard 90nnect~rAqrcan 
be wave soldered on one or more printed circuit bo~rl;!s: The 
pin spaCing is on 100 mil centers. Modem modulesa.re func­
tionally·independent. 

MODEM OPERATION, MODES .'. 

In general, the mOdules can be configured to operate in the 
folrowing modes:' . 

Simplex -Transmifbnly: Only the transmitter module (T) is 
us~. 

Simplex ...:.. Receive only: 

Half Duplex (2-Wire)': 

Full OLiplex (4-Wlre): 

R1 and R2 moduies are ,used to 
implell\E!r\t . a coniplet~ ,receiver 
function. 

Requires both transmit and receive 
functions (although not simul­
taneously), therefore, all three 
modules are u~eq. 

Requires bOth transmit and receive 
functions simultaneou$ly, again all 
tl:Jree modules.are I.Ised. 

Document No_ 29200N01 

FEATURES: 

Ii LSI high density; low power: 
• 2400/1200 bps modes 
• Transmitter-Differential phase shift keying 
• Receiver-Coherent phase detection 
• Bell ,201 BIC, CCITT V.26 compatible 
• cCln AlB encoding options 
• Operating' modes: 

Half duplex (2 wire) 
Full duplex (4 wire) 
Simplell (Transmit or Receive only) 

• Outstanding performance over unconditioned lines 
• LSnLlCMOS compatible digital interface 
• Fixed compromise equalizer 
• V.Vcompatible scrambler/descrambler 
• Answer-back tone generation 
• Clear-to-send delay options 
• New sYQc option provides rapid resynchronization 
• Typical power consumption 2 wiltts 
• Total module area 25 sq. in. 
• R24 Modem Evaluation Board facilitates evaluation arid 

design-in tasks. 
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R24 2400 bps Integral Modem 

RECEIVER 

DATA 

I 
TRANSMITTER 

I.-__ ....,..,....-.J;r~ CONTROL 

R24 Functional Diagrilln 

TECHNICAL DESCRIPTION 

Transmitter carrier frequ~ncy - 1800 Hz ± 0;01 % 

Echo suppression and answer 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 ± 10Hz with less than 
a 0.5 dB degradation in bit error rate. 

Data signaling and modulation rate: 

1) Normal: Signaling Aate- 1200 baud ±0.01%. 
Data Rate - 2400 bps ±0.01%. 

2) Fallback: Signaling Rate ..... 1200 baud ±O.OI%. 
Data A;:ite -.1200 bps ±O:OI%. 

. . ' 

Transmitted Data Spectrum - The transmitted spectrum's 
bandwidth. extends from 800 Hz to 2.800 Hz. Phase distortion 
oharacteristics are within the lil)1its spedijiea in cOin Recom­
mendation V .. 26 his. The;c:ol!t.ofband signal power limitations 
meet those specified by Part ~'orT~riff,261 of the FCC's regula­
tions, and tYpically exceed. the requir.ements of international 
regl!laiory bodies as w!'llt.:· 

. . 

Data Enc;oding (DPSK) - At. 2.('00 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 relatiye to the phase of the prElceding signal element. 

The R24'implements the phase A and B reCommendations of 
cCln V.26.The modulation o.odingin Bell 201' modems is the 
same as V.26B. Definition 6f these ooding arrangements is 
shown in tl)e following table; 

10-102 

24011 BPS . 
DIBIT PHASE OHANGE 

V.26A v.2611/B811201 

00 0° +450 

01 +1l00 +135° 
11 +180° +2250 

10 +270° +315° 

ALTERNAi'IVE A ~ 0 
" ", 0 +900 +270; +1800 

~ 
ALTERNATIVE B +45". +135° +2250 +315° 

f\ d f\ A f\ l /\ ,hJ\ v V vvw VV 
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 cCln V.26 bis. 

12OO8P$ 

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 trimsmitter 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 (T1 06) Response Times - These response 
times are determined by the modem configuration selected and 
its associated turn on sequence. 

Turn On Ready lor Sending 

Sequence Response Configuration and 

Number Time Carrier Type 

1 6.67 msec Switched Carrier - 4~Wire 

(8eIl201) 

2 8.33 msec Switched Carrier - 4-Wire 

3 30 msec CCITT - 4-Wire 

4 30 msec CelTT - 4-Wire with Scrambler 

5 90 msec CCITT - 2-Wire 

6 90 msec CCITT - 2-Wire with Scrambler 

7 14B.3 msec Switched Carrier - 2-Wire 

8 148.3 msec Switched Carrier - 2-Wire with 
Scrambler 

9 220 msec CelTT - 2-Wire Echo Protection 

10 220 msec Switched 2-Wire Echo Protection 
with Scrambler 

11 800 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 scrambler/ 
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 
network) 

Set 2 (V.26 bis, switched 
network) 

Set 3 (V.26, leased line) 

Greater than -43 dBm = ON 
Less than -48 dBm = OFF 

Greater than -33 dBm = ON 
Less than -38 dBm = OFF 

Greater than -26 dBm = ON 
Less than -31 dBm = OFF 

Selectable T1D9 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 (Tl09) from one state to the 
other. 

Carrier Detect 
Transition Response Time 

OFF to ON 6±1 ms} 
(connection) 

4 1 Selectable 
1 ± ms 

ON to OFF 8±3ms} 
(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 
(TI14) having the following characteristics: Frequency -
2400 Hz ± 0.1 % (1200 Hz ± .01 % in fallback 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 
±1 dB. 

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-bittest 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 (Tl04) - 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. iI!J 

2) Carrier Detect (Tl 09) Clamp - This output may be clamped I 
OFF (squelched) in a 2-wire applications during the time when 
"Request to Send" (Tl05) is on. An additional option extends 
this clamp for 148 msec beyond Tl05 transitioning off, pro-
viding echo protection. 

3) Receive Clock (TI15) - 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. 
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SYSTEM DESIGN 

The R24 modem modules provide the user with sufficient flexibility 
to implement a wide range of modem functional configurations. 
This 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 (8e1l201 B), 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 (1) and the receiver modules (R1 ,R2). These 
diagrams are applicable for any operation mode of the modem­
simplex, half-duplex, or full-duplex. 

LEVEL CONTROL 

TIN 
-1dBm 
-3dBm 
-5dBrn 
-7d8m 
-9dBm 
-11dBm 
-13dBm 
- 15dBm 

TRANSMITTER (T) 

INTERCHANGE 

T103 
T105 
n06 
T111 
T113 
T114 

COMMON MODEM DIGITAL 
~ 

V26A 
I 

SSGA 
NSYNC 
CLAMP 

TRANSMITTER 
DIGITAL CONTAOLS 

CAUTO 
TONA 
TBC 

Z 
T2V!I14W 

X 
K 
Y 

TC06 
BOOMS 

E 

Figure 1. Transmitter Interfaces 

DIGITAL 

RECEIVER r ~~...J§QjjL==-~+-.j...-h_ r INTER~~:4NGE 
g~~~~~LS ~ I i~~~ 

R2W/4W COMMON MODEM 

~~~ DIGITAL CONTROLS 

CPQ4 V26A 
CP15 I 

FSYC SaGA 

Figure 2. Receiver Interconnection 

MODEM OPERATION -
HALF OR FULL-DUPLEX 

NSYNC 
CLAMP 

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 (OM) 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 
LINE OR 

TO SWITCHED )11 
NETWORK 
PROTECTIVE 
CIRCUITRY 

DIAGNOSTICS 

RECEIVER 
CONTROL 

TRANSMITTER 
CONTROL 

DATA (n03) 

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, loop back testing is often performed. A test 
word is transmitted and "looped" back to the originating OTE. 
Typical types of loopback tests are: 

@ LOCAL DIGITAL CD REMOTE ANALOG 

II> LOCAL ANALOG @ REMOTE DIGITAL 

.. 
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 digitalloopback, 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 MeSul.lntarf!sa 

Input Output Equivalent) Equivalent Description 
TI03 

T104 

TI05 

TI06 

TI09 

TIll 

TI13 

TI14 

TI15 

Term 

RECIN 

TI 

T2 

Term 

V26A 

SSGR 

NSYNC 

CLAMP 

Term 

CAUTO 
TONA 

TBC 

Z 

T2W/4W 
X 
K 
Y 

TC06 
800MS 

E 

BA T·9 Transmitted Data 

BB R2·5 Received Data 

CA T-8 Request to Send 

CB T-6 Ready for Sending 
(Clear to Send) 

CF RI-4 R2-22 Data Channel Received Line 
Signal Detector (Carrier Detect) 

CH T-12. Data Signalling Rate Selector 
R2-9 Selects 2400 bps or 1200 bps 

Mode 

DA T-7 External Transmit Clock 
(Transmitted Signal Element 
Timing) 

DB T-IO Transmit Clock (Transmitted 
Signal Element Timing) 

DO R2-6 Receive Clock (Receive Signal 
Element Timing) 

ANALOG LINE INTERFACES 

Module Interface 
input OutPut 
RI-12 

T-I 

T·2 

Description 
Analog Line Signal Input (Receive Filter 
Input) 

Low ImpedanceTransmitterOutput 

Standard Transmitter Output 600 ohms 
Impedance 

COMMON MODEM DIGITAL CONTROLS 

T-16 
R2-13 

{J2\52} 
{ T-17 
R2-14 

T-14 
R2-11 

R2-10 T-13 

Description 

SelectsV.26A orV.26B Dibit Encoding 

Controls for Scramble Operation 

Controls T109 to Force Rapid 
Resynchronization of the Receiver 
I mplements Squelch for Carrier Detect 
(TI09) 

TRANSMITTER DIGITAL CONTROLS 

¥wodUle Interface 
"put Output Description 

T-3 Initiat~s AnswerTone 
T-5 Indicates Completion of Transmission 

of Answer Tone 

T-4 Transmitter Baud Clock 

T-28 Input Forcing Transmit Clock (TI14) to 
Phase and Frequency Lock to External 
Transmit Clock (T113) 

T-II Inputs Affecting Ready lor Sending 
T-24 Response Times, AnswerTone Frequency 
T-25 and Carrier Detect (TI09) Squelch 
T-26 
T-27 
T-29 
T-30 

Term 

DACOUT 

2400 bps Integral Modem 

TRANSMITTER ANALOG CONTROLS 

Modu'8lnterface 
Input Output 

T-22 

Description 

TFIL T-23 

Output of Digital to Analog Converter 

Input to Low Pass Filter. DAC OUT is 
Normally Connected to TFI L Unless 
Additional Filtering oran Equalizer is to be 
Inserted. 

TIN T-31 These NineSignals Implement the 
-ldBm 
-3dBm 
-5dBm 
-7dBm 
-9dBm 
-lldBm 
-13dBm 
-15dBm 

Term 

RBCK 

RLSD 
THRH 

R2W/4W 
TH09 

TC09 

PBS 

CP04 

CP15 

FSYC 

Term 

SYC 
RCVDS 

DCP 
A 
PE 

Tarm 

RECOUT 

EO IN 
EO OUT 

RLSDIN 
AGCIN 

AGCOUT 

GAIN 
GI 
G2 

IANALOG 
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T-39 
T-38 
T-37 
T-36 
T-35 
T-34 
T-33 
T-32 

i~:~~~~~I';.' ~~:J'~~~~v~~ ~t\~~~%O[,j One of 
Strapped to TIN to Set the Desired Output 
Level. 

RECEIVER DIGITAL CONTROLS 

Modulelntarface 
Inpui Output Description 

RI-I 

R2-24 
RI-3 
R2-8 
R2-18 

R2-15 

R2-16 

R2-17 

R2-19 

R2-20 

R2-25 Receiver Baud Clock 

RI-2 } Control Signals to Geoerate Carrier Detect 
R2-23 (TI09) and Implemenl TI09 Threshold Set 

Select Function 

Determines Carrier Detect (TI09) Off-to-On 
Response 

Determines Carrier Detect (TI09) On-to-Off 
Response 

Clamps Received Data (TI04) to a mark 
or space when Carrier Detect (T109) is Off 

Optional Clamping of Received Clock (T115) 

Fast Sync Optional Fast Resynchronization 
Procedure 

RECEIVER DIGITAL DIAGNOSTICS 

R2-1 Digital Outputs which EnableUserto 
R2-2 Generate Eye Pattern and Phase Error 
R2-4 Information 
R2-3 
R2-7 

RECEIVER ANALOG CONTROLS 

RI-7 Receive FilterOuput 

RI-8 
RI-6 

RI-5 
R2-21 

RI-II 
RI-9 

R2-27 

Equalizer Input 
Equalizer Output 

Carrier Detect Circuitry Input . 
Automatic Gain Control Circuitry Input 

R2-26 Automatic Gain Control Circuitry Output 

R1-10} Optional Carrier Detect (T109) Threshold 
Selection Controls 

Sample and Hold Circuitry Input 
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MODEM PERFORI\IIANCE 

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 1 0% 
pop for an input signal-to-noise ratio of 12 dB. 

Bit Error Rate - The following graph represents typical R24 
performance: 

SIGNAL TO NOISE RATIO ~DB) 

1 1200 BPS, BACK.TO.8ACK, SCRAMBLER. NO EOUAlIZER 
2 2400 6PS, V.~A OR B. BACK·TO-BAcK. SCRAMBLER. NO EQUALIZER 
3 2400 BPS, V.26A OF! B, 1&0·150 HZ PHASe: JITtER, NO SCRAMeLER, NO EaUALIZER 
4 2400 BPS, V.26A OR B, 30°·120 HZ Pl-IASE' JITTER, NO SCRAMBLER, NO EQUALIZER 
5 2400 PBS, V.2tlA OR e, 3002 UNCONDITIONED LINE, NO SCRAMBLER, EOUALIZER 

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 modem:> 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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CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 

2400 bps Integral Modem 

DISPERSION 
DUE TO GAIN 
ERRORS 

DISPERSION DUE 
TO PHASE ERRORS 

DISPERSION AROUND 
PROPER POSITION DUE 
TO CQMBJNA TlON OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 

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 38mA 
+12 Vdc±5% 50 mV p~p 16mA 

·12 Vdc ±5% 50 mV p.p 48mA 

Rl +12 Vdc ±5% 50 mV p.p 23 mA 
-12 Vdc±5% 50 mV p.p 16mA 

R2 +5 Vdc±5% 100 mV p.p 64mA 
+12 Vdc ±5% 50 mV p~p 25mA 
~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 jJ.A 
High +4.0V to +5.0V Sourcing <10 jJ.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 O.OV to + 0.4V Sinking 0.36 mA 
High + 4.0V to + 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 eVi;l.luation board are 
required for this connection. 

The receiver and transmitter' line intertaqes are single-ended 
(non-transformer cOllpled)signalsc;with the following 
characteristics: . 

Transmitter Output (Normal) 

Output Impedance: 600 ohms ± 2% 
Maximum outP.ot 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. I . 2.400 "I .344 ± .0051 
(COLE.TS)!: ___ - - - -- ---l!-

o!i; . . I I ~II~=-r 
~I P100 .062 .080 ± -.007 

1----- 2.75 ± .03 MAX. 

(LEAO PROTECTION) 

NOTE: This cross-section is common to all modules. 
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c 
fI 

(17) SeGR -'2V/181 
.325 

(l6)V26A +12V(19) 
(18)1 . .. COM (201 

(8.26) (14) NSYNC "5V (21) (8.26) 
(13) CLAMP !;JAC ~Mr!~~l (12)T111 
(lHT2W/4W X (24) 
(10jT114 K f2f!1 
( 9}Tl03 Y (26) 
I 8) n05 . TCDS (27) 
( 7.)T113 . Z ,Z8j 
( 6) nos BOOMS/291 
(, SITONA E (3D) 

L_ ( 4)TBC TIN (31) 
( 31CAUTO -lSdBm (32) 

i I 2}T2 -13dBm (33) ,- -,\T1 -11dSm(34) 
-9dBm (361 

.100 ·7dBm (36) 

(2.54) .~-5dBm (37) 
-3dBm (38) 

TYP. ·1dBm'la91 

\025 (.64) SQ. PIN 
39 PLACES 

Transmitter Module Package 

--'--r-I~----------'-~---------'~ .325 

I G2( 9) .~2~) 
1.025 GAIN (10) 
(26.04) .. G1 (11) I REC IN (12) 

~ (8)EQIN 
(7)REC OUT 
t61 EQOUT 
(5) RLSO IN 

L_ !~:+~~ 

~ \m~~~ .100 
(2.54) 
TYP. 

11 

·J2V(13) 
+-12V(14) 
COM (15) 

. \025 (.64) SQ. PIN 
15 PLACES 

Recelver-"- A1 Module Package 

1.900 

I 
, 

.325 
(8.26) 

.soo 
120.32) 

L_ 
(20) FSYC Af~~ iIi! '1· 
(19) CP15 AGC OUT (26) 
j 181 TH09 IANALOG (27) 
(17jCP04 
116) PBS 
(15) TC09 
(14) SaGR 
(13) V26A 2.500 

t"\")sYC .100 
(2,64) 
TYP. 

\025 (.64) SO. PIN 
31 PLACES 

'5V (28) 
COM (29) 
. 12v(30) 
·12V (31) 

Receiver - R2 Module Package 

NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 
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PRINTED CIRCUIT BOARD MOUNTING 
OPTIONS FOR THE R24 MODULES 

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

Mounting Type of Connection Basic 
Method or Connector Used Advantage 

Standard Flush Wave Soldered Into Standard Lowest Height 
PCB Component PCB Eyelets Profile 
Mount 

Above Board Connectors (SAE Series Plug-in Capa-
Low Profile' 3000 or Methode Series 1000) bilityat Low 

Socket These Sockets are Wave Cost 
Soldered Into Standard 
PCB Eyelets 

PCB Plug-in' Connectors '(AMP Miniature Lowest Pro-
Sockets (Bullets) Spring Sockets.) file for Plug-in 

Pin Sockets are Individually Capability 
Soldered Ihto PCB Eyelets 

ENVIRONMENTAL SPECIFICATIONS: 

Operating temperature: O°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 1'124 Modem Evaluation 
Board (R24MEB) is available. The R24MEB can be easily com­
bined with terminal systems for real-time performance 
evaluation. 

RECEIVER 

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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R24MEB 
MODEM EVALUATION BOARD 

. INTRODUCTION 

To aid the llser In the design phase of leased line modems, 
Rockwell has made available ·the R24 Modem Evaluation Board 
(MEB). The R24MEB is a convenient cost effective means for 
evaluation and design-in of the R24 2400 bps Integral Modem. 

The Modem Evaluation Board is equipped with pin receptacles 
for mounting and interfacing the three R24 receiver and transmit­
ter modules (R1, R2 and T). In addition to all interconnections 
being etched on the back of the board, the R24MEB also pro­
vides telephone coupling transformers, transient protection cir­
cuits, DIP switches (for option selection and gain control) and 
a DIP socket for jumper selection of the transmitter output level. . 
A 31-pin edge connector (with Industry standard 0.125 inch con­
tact centers) provides pin-infpin-out, as well as power connections 
for analog and digital interface signals. 

These features allow full control of the modem interface circuitry. 
Also, the complete R24 modem 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 documen­
tation is supplied with each initial R24MEB. 

FEATURES 

• Convenient evaluation method of R24 Integral Modem 
modules 

• Exercises all R?4 Integral Modem features 
• Easily integrated into a prorotype system 
• Cost effective for low-volume applications 
• Will serve as. incoming test vehicle 
• Standard board edge connector 
• Pin receptacles for easy mountingfinterfacing R24 modules 

(R, R2, T) 
• Complete option select switches 
• Transmitter output level strap selectable 
• Backed by complete customer support documentation package 

R24MEB Modem Evaluati~n Board 

Document No. 29220N14 10-109 Product Summary No. 614 
Rev. 1, August 1983 
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INPUT 
POWER 

ANALOG 
RECEIVER 
INPUT 

ORDERING INFORMATION 

When ordering, specify products as follows: 

R24MEB - Modem Evaluation Board 
R24 - Set of 3 modules (T, Rl, R2) 

INPUTIOUTPUT CONNECTOR (PI) 

DIGITAL 
INTERFACE 

R24MEB Functional Diagram 
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Modem Evaluation Board 

TRANSMIT 
LEVEL 

CONTROL 
NETWORK 

IMpEDANCE 
R2 COUPLING 

RESISTOR 

~ 
ANALOG 
TRANSililiTTER 
OUTPUT 

BOARD DIMENSIONS 

Width: 5.875 in. (14.923 em) 
Depth: 6.813 in. (17.305 cm) 
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Integral Modems 

RDAA 
ROCK\rVELL DATA ACCESS 
ARRANGEMENT MODULE 

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 
• 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 
• Small size (approximately 3.95" by 3.94") (100 mm. by 

100 mm.) 

RDAA Module 

Document No. 29220N49 10-111 Product Description Order No. 649 
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RDAA Rockwell Data Access Arrangement Module ----------------------------------------------
The RDAA is easily incorporated into the users end product by 
either using the provided mounting holes, andlor 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 Wl locations for the desired mode. 
Wl jumper in, W2 jumper out for the permissive mode. W2 
jumper in, Wl jumper out for the programmable mode. 
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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 RJ41 S) at the customer location. The resistor 
interacts with the RDAA throug h the leads PR and PC to pro­
gram the maximum output level in one dB steps between -12 
dBm and 0 dBm. Sel.ection 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. 
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When the Permissive connection arrangement is employed, the 
maximum signal output level across T and R is fixed at -9 dBm. 
The Permissive jacks (RJ11 C) used for ·Iine 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. 
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Figure 2. RDAA Module Dimensions 
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SECTION 2 - INTERFACE DESCRIPTION 

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

PR>------------------------------------------------------, 
PC>-------~----------------------------------------_, 

+12V>--­

-12V)-­

+5V}---

TXA 

t-+----....;....-------+- RXA 

t-------------------------~----_+------------~r_<OH 

L---------------------~t_~--~--------------~RDI 

~~::~----------_<R~ 
L-==::.J--------------- CCTI 

MI>---------~~_1:>-----~------------------------------------+ SH 

MIC )>----------""' ... "' ...... -, ... 

Figure 3. RDAA Functional Block Diagram 

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. 
RDI X Ringing signlj.l present indication. 

RCCT X To request data transmiSsion palh cut through. 
OH X To control Off-Hook relay. 
SH X Status of telephone set switch hook. 

CCTI X Transmission palh cut through indication. 
TXA X Lead to modem putput. 
RXA X Lead to modem input. 
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SG 
The SG (Signal Ground) is the common reference for all modem 
interface signals. 

RDI 

RDI (Ring Detect) indicates to the user by an ON (Low) condi­
tion that a ringing signal is present. The RDI 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 H;Z appearing across Tip 
and Ring with respect to ground. RDI is also used to disable 
the transmission path. The electrical characteristics of the RDI 
signal are shown in Table 2-2. 

Output 

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

Logic State 
Output Levels 

LOW 0.0 to 0.4V while sinking < 1.6 rna 
HIGH 2,4 to 5.0V while sourcing < 40 p.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 OFi= (Low), the cut-through 
buffers are disabled and CeT 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 
Input Levels 

Logic State 

OFF or LOW 0.0 to O.BV, load current'" 0.36 rna 
ON or HIGH RCCT = 2.0 to 5.0V, load current '" 20 p'a 

OH = 2.0V, load current'" 100 p'a 
5.0V, load current'" 250 p.a 

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

CCTI 

CCTI is the Coupler Cut Through. An ON (Low) signal to the 
CCT/iead 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 CCTI signal are shown in Table 2-2. 

TXA 
TXA (fransmit Arialog) is t~e 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. + 12 VDC ± 5% @ 15 rna with a maximum ripple of 50 mv 
peak-to-peak 

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

C. -12 VDC ± 5% @'15 rna 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 D",tector detects the presence of a ringing signal 
ranging from 15.3 to 68 Hz with voltage levels of,4O to 150 VRMS 
across, Tip and Ring (T and R) leads, after a delay 01,,125 ms 
10500 ms, it will send an RDI (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. Thetimer 
is used to provl'de 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 CCTI 
interface lead goes ON (Low) and data transmission maybegin. 

RDI 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 sigl)al amplitude becomes greater than + 7 dBm for 
a period of 1.:310 3 seconds;'the transmission path is discon­
nected via the transmit and receive buffers, and the output signal 
CCTI will go OFF (High). 

NOTE 

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

RedUCing the input signal amplitude to less than + 7 dBm will 
reset the ,1i.mHer in tess than 4 rnilliseconds, restore the c;lata' 

, transmission path, and cause the signalCCT to go ON (tow,: 

In order not to activate ihe 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 modemoutpLit to +5 dBm (± 1 dB), so that the maximum 
signal amplitude Into TXA is 6 dBm. ' 
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The output control cirCljitry cOl)tains a variable gain buffer which 
reduces the RDAA output 'to the maximum allowed level across 
T and R. When theRDAA isjumperedto operate in the Pro­
grammable mode, the resistor in the telephone company wall 
jac\< sets the output level to one of thirte!'ln possible values. If 
the RDAA is jumpered to operl!le in the, Permissive mode', tl)en 
an internal resistor will set the output to a fixed value. The rela~ 
tionship between the RDAA input amplitud",' (in dBm) across 
TXA and GND and the nom,inal ROM 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: 

On-HookAC: 

Off-Hook DC: 

Off-Hook AC: 

TXA and GND: 

RXA and GND: 

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

The on-hook AC impedance 
measured between T and R is less 
than 40K ohms (15.3 Hz minimum). 

Less than 100 ohms. 

600 ohms nominal when measured 
between T and R. 

2 ~gohmS typical (operational 
amplifier voltage follower input .' 
impedance). 

75 ohms typical (operatIOnal amplifier 
voltage follower oUtput impedance). 

IN,SERTION LOSS 
There is no insertion 'loss for the RDAA, The' RQAJ1.<;ontains a 
receive buffer which compensates for transformer insertion loss. 
For this reason, additional receive !:lolfering is not necessary. 
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SECTIO~ 3."""" INSTALLATION/CHECKOUT 

RDAA CON,NECTION TO TELEPHONE LINE 
Connection of the telephone line interface pins of the RDAA to 
theneiwork shall be made via . .standard jacks and plugs as 
shown in Figure 4: Cable color codes are also shown in Rgure 
4. 'A number ofteil'lphoneline 66rdl'l1ariufactuiers produce the 
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir-
ginia Plastics, Roanoke, VA, etc.) , 
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TELEPHONE SET AND JACK' 
ORDERING,INFORMATION . " " ,. . 

If it is desirable to have manual call origination. or alternate voice 
capability, an exclusion key telephone set rTJay be ordered from 
a loealtelephone 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
trol$. Line. This operation is for manual origination or alternate 
voice transfer (refer to paragfaph 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. 
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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: 

A. A1 - Telephone set controls line 

B. A2 - Data set controls line 

C. B3 - Aural monitoring not provided 

D. B4 - Aural monitoring provided (See. Note 1) 

E. C5 - Touch tone dial 

F. C6 - Rotary dial 

G. 07 - Switch hook indication 

H. DB - Voice mode indication only (See Note 2) 

NOTES 

1. The aural monitoring feature allows the telephone 
handset to be used for listening to line signalswithout 
interfering with data transmission. 

. 2. In this 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 MI and MIC of 
the data jack. Therefore, the SH signal of the ROM 
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 - A,ural monitoring not provided 
or 
B4 - Aural monitoring provided 

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

D. DB - 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 Ord~rlng Information 

Output 
Configuration 

Programmable 

Permissive 

Notes: 

Optional 
Telephone Sat 

With 
Telephone Set 

Without 
Telephone Set 

With 
Telephone Set 

Without 
TeleptiorieSet 

FCC 
Reg. No. 

AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 

Ringer Telephone Jack Telephone Set 
Equivalent ' USOCNo. USOCNo. 

.8B 'RJ36X and RTC or 502 
2.3RJ45S with excl.usion key 

.8B 2.3RJ45S N.A. 

.8B 'RJ36X and RJ16X RTC or 502 
'or with eXclusion key 

4RJA2X and RJ11C 
.8B RJ11C N.A, ~ 

1. ,RJ36X iSJ;IF] 8 position miniature jack,into which,the telephone plugs. Rathe( t~!Ion using an RJ36X jack, the tEllephone company may use a 
I ' connecting block to connect the telephone set and data jack to the telephone line. " ' , 

'2. RJ41 S 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.' iII 
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 is the adapter shown in Figure 3-1. The use of the RJ36X and RJ16X jacks is recommended. • 
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FigureS. Transmit and Receive (Half Duplex) and (Full Duplex) 

MOD,EM 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~duplexconfigurations, 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. " 
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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 A-wire full-dup/exconfiguration, 2 RDAAmodules .arid 2 
.telephone lines are" required. The connection circuitry cons,ists 
of one 2-wire receive"only conneCtion, and one 2-wire transmit~ 
only connection. " 
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MODULE MOUNTING AND SECURING 
The RDM 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 RDM 
module to a rigid structure. The RDM 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 RDM 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. 

Type 
Interface 
Circuli 

DTE 
Interface 
Connections 

Telephone 
Line 
Interface 
Connections 

Table 3-2. RDAA Telephone and 
Modem Interface 

RDAA 
Connectors/ Interface 

Pin No. Circuli/Signal 

P2-1 CCTI 
P2-2 RXA 
P2-3 TXA 
P2-4 OH 
P2-5 RCCT 
P2-6 RDI 
P2-7 -12V 
P2-8 SH 
P2-9 GND 
P2-10 TP2 EXCESSIVE 

POWER DETECT 
P2-11 +12V 
P2-12 +5V 
P2-13 N/U 
P2-14 TPI BILLING 

DELAY TIME 

PI-4 PC 
PI-3 PR 
PH MIC 
PI-2 MI 

Pl-(5-8) & (11-12) (Not Used) 
PI-9,10 R 
PH3,14 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 RDM, 
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 
RDM PI 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 (np 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 RJ41 S jack is used for the Program­
mable mode, ensure that the jumper W2 is installed and WI 
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. 
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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 suppliE.: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 voiGe 
communication is desired. The automatic dialer is required only 
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 modem 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 I 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 CCTI 
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. 

B. It is prohibited to connect the RDAA to pay telephones or 
party lines. 

C. 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,) 

D. 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. 

E. The RDM 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. 

F. 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. 

G. 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 shou Id be such that all the required 
information is legible without magnification. 
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SECTION 4 - OPERATING INSTRUCTIONS 

AUTOMATIC ANSWER 
Thecoimection of the data transmission path for automatic 
a.,swer is as described in paragraph 2.4 .. To disconnect the datE! 
transmission path, just turn off OH and/or DA, as shown in 
Figure 6. 

IDLE 

r-- + r--
ROlON 

I 
'DH " RCCT • ON 

I 
2-SECOND MINIMUM DELAY' 

I 
R ceT/· ON 

0 

D· I T 
A!II$WER TONE 

A 
I E 

A DATA TRANSMISSION 

I 
'OH" RCCT· OFF 

I 
CCT/· OFF 

---- t ~ 

IDLE 

-DA MAY BE ON P~R"~ANENTLY 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 ione (or time for 3 seconds to ensure dial tone 
pre!!!!nt), then turn OFF the DA lead and generate the dial 
pulses corresponding to the called number (Figur~·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 i~terCept). 

Requirements for proper call establishment exist on the p\:llse 
repetition rate (8 to 11 pulses per second), oft. duty cycle 
(Ell! percen! nominal),. Interdigital delay1iming. (600 rns to 
2 seconds) and chatter and spurious rnakes. and breaks. The 
RDM oft-hook felay /s a Reed relay designed to loriglife. Bell 
System requirements for pulse and touch-tone dialing are 
described in their Commimications reference "Electrical 
Characteristics'of Bell System Network Facilities at the Inter-
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-- OH" RCCT· ON 

I I 
.,' ceT/· ON 

I .. 
DETECT DIAL TONE 1 

I 
RCCT·OFflI 

I 
CCT/· OFF3 

R 
I 

OH PULSE$ FOR NO. 

0 I 
RCCT .ON· 

A 
I 

A CCT/. ON3 

I 
!!ETECT ANI!WER TO!!!§4 

I 
OATA TRANSMISSION 

I 
OM II· RCCT ·.-OFF 

I 
CCT/· OFF 

, 

- + IDLE 

NOTES: 
1. DIAL TONE DETECTION IS NOT PROVIDED WITMINTHE RDAA. 

ALTERNATIVELY, DTE MAY START FROU..IDLE, TURN ON OH, 
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT 
AND PULSE OM FOR NUMBER. 

2. DA MUST BE OFF DURING DIAL PULSI.NG. DA MAY BE ON AT 
ALL OTHER TIMES. 

3. THE DA TO CCT RESPONSE nME IS· LESS THAN 1 MS. 
4. ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 

WITHIN THE RDAA. 

......--

0 

T 

E 

-----

Figure 7. Dial Pulse Origination Sequenc~ 

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

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

+SVIMAKE 

..... -~ 
INTERDIGITAl,. I 1DOIM--l-100rM INTERVAL ~ iOOmlT02SEC 

OV/BREAK 
ON.HOOK OFF-HOOK 
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The OH lead can be pulSEid directly via microProoessor port, Or 
a commerCially available "binary to dial pulse" LSI device'such 
as the Rockwen CRC 8000, the, ,General Instrument AY-5-9151 
series, or the Motorola MC ,14~8. These devices can accept 
4-bit, binary digital inputs, buffer these digits, and output- the OH 
dial pulses \lpon command. ',·Also available from numerous 
semiconductor manufacturers '(National, Mostek, General 
Instrument, Motorola, etc.) are LSI, devices ca~ble of intef­
facing directly to a key board and producing suitable dial pulses. 

TOUCH~TONE ORIGINATION 
, The user's tenninal must provide the logic to turn ON the OH 
and RCCT signals, detect the dial tone (or time for 3 seconds 
to ensure diaJ loile present) and trarismitthe tone~address 
signals via the TXA lead (FiguEes). The 2-second delay period 
between,OWand RCCTgoing ON aricfCCTI going ON is not 
invoked'in the origination mode,. The DTE shouldmdnitor for 
call progress indications (dianohe, DUSY tone, answer tone, and 
call interqept). 

It should be noted that tone adc;tress signaling method is sig­
nificantly more complicated in terms of hardware requirements 

" ,han simple pulse dialing.:The necessarY tone pair generators 
must be added by the user. A number ofsemiconduct-or man­
ufacturers produce monolithic· LSI tone generators .(AMI, Mostek; 
Motorola, 'Natiomll, General' Instrument; Intersil, etd.). These 
tone pair generators are deSigned t6 interface witli 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 

,..-- t 
·OH.DA.ON 

I 
CCT·DN 

I 
.... DETE.CT DIAL TONE 

I 
TRANSMIT TONE 

R ADDResS SIGNALS 

0 ·"DETECT ANSWER TONE 

DATA TRANSMISSION 
A 

I A 

I , 
·OH Be DA-OFF 

I 
CCl"·05-F 

"'"-- + 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. 

,..--

0 

T 

E 

"--

Figure 8_ Touch-Tone Origination Sequence 
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Ben System requir~ments exist on minimum and maximum tone 
pair transmit power for proper carr address signaling. When the 
RDAA is in the programmable mode, the gain of the RDAA 
transmit leg is set by a programming resistor i,n the telephone 
jack (over thirteen possible values). This makes establishment 
01 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 .Ievel is well above the RDAA automatic 
limiter threshold. But the RDAAlimiter activates (cuts off trans­
mission. path) . only if threshold power level is continuously 
exceeded for about one secorid minimum, and quickly resets 
itself if the power leVEl!. drops below threshQld"I.fthe)one 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 no! be activated. These requirements 
are easily met if the tone pair generation is under logic contro\. 
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 inter.val 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 capapilitymay also be added toa 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 inCCITT 
Recommendation V.25 and also in EIA Standard RS-366. 
"lnterfC!ce Between Data Terminal Equipment and AutomatiC 
Calling Equipment for Data Communication." It should be re­
emphasized that a separate ACUil3 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 telephcirie set with an e~clusion key 
must be ordered from the local telephone company (refer to 
TapIe3-1). After Ii,ting both the handset and the exclusion key, 
a call may be originated or anSWered in the same manner as 
normaltelephone .service. When the handset and the exclusion 
key are lifted (MI is shorted to MIC), the signal SH is turned ON. 
If the user's data terminal !sready, it may respond with OH and 
RCCT. The RDAA wili then turn ON the GCTI signal. When 
answer tone is.heard, the operatpr 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 
Under the FCC Rules, no customer is authorized to repair an 
ROM module. In the event of an ROM malfunction, return the 
faulty ROM to Rockwell International. It is recommended that 
the following fauH isolation instructions provided in this section 
be performed prior to returning a suspected ROM module. A 
periodic check of the DC power supplies is also recommended. 

FAULT ISOLATION 
The fauH isolation flow chart (Figure 9) has been prepared spe­
cifically as an aid to the user for locating possible network and! 
or ROM module malfunctions. 

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 digitiZe(! channels meet AT&T and 
CCITT standards. ' . 

This means it is now possible to design T·lICEPT 
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~ 

Transmjssiqn 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 eitl1er time or space division 
switching as well as elastic storage applications when 
transmission and write speeds differ. 

Rockwell LSI Devices Provlde-
• Parts Count Redu.ctlon 
• Cabling Reduction 
• Cost Reduction 
• Increased Reliability 
• Increased Performance 

11·2 
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R8D40 
T-1 TRI-PORT MEMORY 

OVERVIEW 

The Tri-Port Memory circuit is designed to function as an 
assemblY point and temporary storage area for a-bit T-1 data. 
I! provides 64 8-bit locations of on-chip random access memory 
whichcari Cbe accessed via external addresses pr internal 
sequential addressing. 

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 R01 through 
R32 or by the device's Sequential Address Counter. Write Select 
signal WSEl determ.ines the source of tile address; in the logic 
O.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 whenWE goes low (to a logic 
o state) and the address inputs have stabilized. 

The ,on-chip, six-bit Sequential Address Cou(lter is a binary 
counter that increments on each pos.itive transition of Sequen­
tial Clock (SCll<). When the Counter attain~ binary 111111, ~he 
nextposifive 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 positilie transition of SClK 
occurs. 

The Sequential Read Enable signai, SRE, enables sequentially­
. addressed read operations. If SRE is logic 0, the sequential 
El,ccessed .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 d.ata outputs will become valid BO ns 
after the negative transition of SRE. The sequential read data 
will cease.to be valid lOOns after the negativ.e 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, tna 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 

FEATURES 

• 64 x B·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 (12KO pullup, to drive CMOS) 

APPLICATIONS 

Time-division Multiplex (TOM) digital switching data and control 
stores 
• TOM sequential machines 
• Elastic stores 
• Hardware/Software control interfaces 
• 110 Buffers 

11·3 

R04 1'102 
ROB 1'101 
1'116 RST 
R32 SCLK 

N.C, 
WE voo 
RH N.C,' 
RG' . SH 
aND sa 
RF SF 
RE SE 
RO' so 
RC se 
RB SB 
RA SA 
RRE SRE 
A B 

e 0 

F 
a H 

"NOTE: PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY 
TO 'ROCKWEL:L TESTING, MAKE NO CONNECTION TO THIS 
PIN. 

Pin Configuration 
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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 paSitive transition of RRE or 29 ns after the;random address, 
input lines change, I:!ecoming vali9, wittl,. the contents of the 
newly-addressed location within 380 ~'after ttle random address 
inputs have stabilized. 

:' '~." ~..:. ",i{': 
In the case of a same location read~e cycle, thiii'~eq 
andlor ralldomdata outputs will cease,;ti;!~ valid after a , . 
transition of WE, and will become valid wit\il theQ'ewly-V/ri 
c.ontent!;, within 34d ns of that transition. Conttcl! Qf \h,is "ara,meter 
minimizes external circuitry required ~dl-'resolu1i,ol! of read"write 
contention."" 

RECOMMENDED OPERATING CONDITIONS 
Minimum Setup/Hold Times 

Setup H"",,· 

Signel Meau,eto " ns '" Meas",eto , 

SCLK .f'· " 

,. 
Wfl 300 wq 

WSEL WEl 280 WEt 

R01·R32 We, 250 WE t ""\ 

A,·H wef 150 wet 

'JiiST .. ';SCLK l 180 SCLK t 

, Minimum pulse.widi.ltI 
" 

, Signal 
; , !: Minimum Pulse, W,idt" ., 

WE (=01 170 n. 

SCLK .. " 
220n. 

SEQUENTIAL COUNTER RESET SETUP AND HOLD TIMING 

~RE;~T - - -:- -'1Xl ,XX)(-~,:- --
I-- SETUP> 180NS---1 ~~,HOLD > 0 

f1~~rTIAL ,,'" ~'-________ '_..Jl I , ' 

READ OUTPUTS AT SAME LOCATiON AS WRITE 
(ALL OTHER INPUTS STABLE) 

OATA 
OUTPUTS 

NOTE, 

L" / 
~ (TSLI~ 340 NS MAX -I' 
'IXI\-- ---~ ---- --XX)!( 

RANDOM WRITE ALWAYS, AFFECTS, RANDOM READ OUTPUTS; 
SEQUENTIAL WRITE ALWAYS AFFECTSSEQUI;NTlAL READ .oUTPUTS. 
EITHER WRITE lOO.Y: AFFECT THE O~POSITE READ OUTPUT. IF, AND ONLY 
IF, THE RANDOM A,ODRESS AND,SEQUENTIAL A'DDRESS ARE EQUAL. 
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WRITE SETUP AND HOLD TIMING 

SCLK 
IiFWSEL=1) 4: .,"'" ,="'~.'"'" ''''"'-xmzzmmz. 

SETUP> 300 NS --I --ll-- HOLD> 0' , 

WRITE 
SELECT 
(WSEL) 

-:-)(XX I i)O(X------:-.~----
I.. SETUP > 280 NS -I --i I--HOLD> 0 

~~l~S~~=OI ______ ~)<)()(~~~IL-----------~------------------------~~~I~~-~--------------------_' _-__ -___ -
f------- SETUP > 250 NS-----I --11-- HOLD> 0 

WRITE DATA 
(A.H) -------xxx I xxx-

HOLD I 
>100 NS f---I f-- ~l~~PNS ~ 

----~WIDTH _{r-----
~ > 170NS---l 

RANDOM READ (RRE = 0, WE = 1) 

RANDOM X X 
ADDRESS . 
(R01·R32) _____ ~I~ __________________ ~--------------------------------------~I~---------

I· (TRA) 380 NS MAX. -~-----""'I ~~~.SHOLD ---j r 
>8<*-------- -XXX xxx--RANDOM 

OUTPUT DATA 
(RA·RH) 

SEQUENTIAL READ (SRE = a,WE = 1) 

~~~~rTlAL ~.' .,' . '. \\\ ______ \\ ~ 
-- ~f-"'.-------- ITSAl430 NS 'Y'AX. ' '. ,.~. 

, SEOUENTIAL 
OUTPUT DATA 
(SA.SHI 

READ PORT ENABLE/DISABLE (ADDRESS STABLE, WE ~1) 

READ ENABLE 
(RRE OR SREI 

11·5 
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Parameter 

Random Read Access T~me ' 
~ 

Sequential Read Access Time 

Read Port Disable Ito HI-Z) 

Read Port Enable 

Same-Location' Read After Write 

A -WRITE DATA· 
B 
e 
o 
• 
G 

R32 RANOOM ADDRESS INPUTS 
R16 
R08 
R04 
R02 
ROI 

mEL 

"0"'" RANDOM 

SEQUENTIAL 
ADDRESS COUNTER 

S32 
S16 

WRITE 
ADDRESS 
SELECTOR 

Propagation Delays 

Symbol 

tRA 

tSA 

tpD 

tPE 

tSL 

1 OF 64 
READ 
RANDOM 
ADDRESS 
DECODER 

WRITE 
ADDRESS 
DECODER 

Min 

0 

0 

0 

0 

0 

M8~::~:t4=~::::::~ 5041-
selK t )-=:::... ____ ---J[) elK 

1 OF 64 
READ 
SeQUENTIAL r---~ 
ADDRESS 
DECODER M2r_------~r_------i 

R Ml 

~+5 
...L) GNO 0 

":' S"RE 

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

Max 

380 

430 
100 

80 

340 

Units 

ns 

ns 

ns 

ns 

ns 

RANDOM 
READ PORT 

SEQUENTIAL 
R'EAO PORT 



MAXIMUM RATINGS· 

. Parameter Symbol VaIn 

Supply Voltage Voo +4.7510 +5.25 

Operating Tetnperatura Top o to +70 

Storage "temperatufl' TSTG -5510 +150 

ELECTFlICAL CHARACTERISTICS 
(Voo = +5V ±5%. Vss = ov. TA = 25°C) 

UnIt 

V 

'C 

'C 

Parameter Symbol· 

Input logic "1" Voltage VIH 

Input Logic "0" Voltage Vil 

Input Logic "1" Voltage VOL 

Output Logic "0" Voltage VOL 

Output Source Current 10H 

Output Sirik Current IOl 

Input Capacitance CI 

Output· Capacitance Co 
Power Dissipation '(at 25'C) Poss 

T -1 Tri-Port Memory. 

·NOTE:Str~_ ~bove 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 ill other sections of this document is not Implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Min Max UnIt 

2.0 V 

0.8 V 

2.4. V 

0.4 V 

-100 "A 
400 "A 

5 PF 
25 pF 

300 rriw 

.11-7 
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PACKAGE DIMENSIONS 

f 
.550 
":53ii 

~~~~~~~~~ 
.160 I 2.02 MAXI --:140 

151.3 MMI • -1 

J~cll==1 085 06!> I .060 . 

M' ;=F'''~' "'~: ~ li:: ToO 

NOTE:· Pin No.1-is in lower left corner when 
svmbolizatio~ is in nOrmal"orientation 
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A8050 
T·1 SEAIALTAANSMITTER 

DESCRIPTION 

The Rockwell T-l Serial Transmitter formats data to be 
serially transmitted according to T-l 92 or T-l 03specifi­
cations, inserting framing and signalling bits along with 24 
channels of 8-bit. channel data. The T-l Serial 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 1 is a functional block diagram olthe T-ol ,',Serial Trans­
mitter. The Mod 193 counter is driven by the clock at 1.S44 
MHz and is either synchronized to the driving system by input 
signal SYNCIN or provides synchronization via output signal 
SYl\iOUT. Input Signal FRSYNGappliessynchronization to 
a Mod,12 counter, which identifies the frame of thEl 12-frame 
multiframe ,being procesi;ed. '. 

" , 

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

The zero channel monitor function t~uses Bit 8 or Bit 7 to 
be transmitted' as a "one" if the channel data, sample is all 
"zeros." Inputll'lHprovides a means to inhibit the zero 
chaHnel mon(torfunclion. Input B70PTN controls the partic­
ularS, 'Of the insertion method. 

Two type'S 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
imallogic. 

FRSVNC 

B70PTN INH 

TEST BI13 

FASYNC (lHCLK 

S81T 

eCis 
SSTB BIT5 

WlPLAA BIT1 

UNPLAB B!T~ 

OND, BIT7 

,BINOUT Voo 
SYNOUT CLOCK 

lOOP ALARM 

SYNCIN BIT8 

BCH ACH 

Pin Configuration 

FEATURES 

• Single SV supply, low power Schottky TTL compatible. 

• Accepts 8 bits of parallel data as input. 

• Generates output as 193 bit serial data stream iii T-1, 02, 
03 or 04 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. 

T·1 TRANSa/lITTEF-lINPUiS 

Any input"" O.SV = logic 0, low. Any input;;. i.ov = logic 
1 , high. The transition from a low level to. a high level is cal,led 
a rising edge, while the converse is defined as a falling edge. 

r----~----'!__----!__-7L ,CHC~~F 

,svtlCIN >--i~--'~;':;-::::;;;;' 

CLOCK >---i---t.::::'::=J 

Bill 
lIlT 2 
BIT 3 , 

, BIT. 
BITS 

, BIT. 
BIT 1 
0IT8 

AlARM 
ACH 
OCH 

r-'-+-+-I-"--+lf+1----+-~SYNOUT 

!-----!--~ SSTO 

r--""""L~ 81NOOt 
UNPLRA 
UNPl.R8 

eels >-=:::::::;:=~ 

~~~~.~OITr~~ ____ ~ __ ~~~aI 
Flgllre 1. T-1 Serial Transmitter 
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R8050 

FRSYNC: Frame Synchronization 

Frame sync allows external synchronization of the trans­
mitter's internal frame counter. When FRSYNC becomes 
high, the frame counter is directly set to frame 1, the first of 
the twelve frames. If FRSYNC is held high and does not 
return to zero before a rising edge of CLOCK, the subse­
quent 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 

SYNC IN 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 cor­
responding to the output of the framing (FT or Fs) bit. The 
first bit of channel one will be output on BINOUT (and 
UNPLRA or UNPLRB) as a result of the first rising edge of 
CLOCK following the return of SYNC IN to logic O. See Fig­
ures 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 B70PTN will 
be transmitted as a "one" if the channel input data is "zero" 
and INH is low. 

BITS 1-8: Parallel Channel Data Inputs 

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

ACH: "A" Channel Highway Signalling 

ACH allows the user to transmit one bit of signalling per 
channel 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. 
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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 fal~ngedge 
of CHCLKF. Refer to Table 1 and Figure 4. 

5-BIT: Multlframe Signalling Bit 

SBIT, in conjunction with CCIS, provides an alternate way 
to control the multilrame signalling bit (Fs) transmission. The 
S-Bit input is transmitted as the multiframe signalling bit (Fs) 
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 com­
monly 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 
alternating 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 Fs pat­
tern with a 4-kilobit common channel signalling path. When 
CCIS is high, the SBIT input replaces the Fs pattern and the 
insertion 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, VOD: Ground and Power 

Voo = +5 ±O.25 Vdc 
Vss = Ground, 0 Vdc 

T-1 Transmitter Outputs 

Low power TIL Schottky compatible. "1" '" 2.4 Vdc, "0" ,,; 
0.4 Vdc, CM05-12Kfl pullup to Voo required. 

SSTB: 4 kHz Signalling Channel Strobe 

SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTS will go high as each 
framing bit (FT) is serially transmitted, and will return low as 
each multiframe alignment signal (Fs) is transmitted. Refer 
to Figure 2. 
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SYNOUT: Channel Sync Output 

SYNOUT provides a means to synchronj~ to the internal bit 
counter (Mod 193). SYNOUT is high for one bit tiine,begin, 
ning just prior to the first data bit of a frame being seriillly 
transmitted. Refer to Figure 8. SYNOUT is the only output 
determined by the falling edge of CLOCK. 

CHCLKF: Channel Clock False 

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

BINOUT: Serial Data Output, Binary Fonnatted 

BINOUT is the binary formatted serial conversion of the par, 
allel input data. The programmed format of BINOUT follows 
Tables 1 and 2. 

T·1 Serial Transmitter 

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 
format. The unipolar output register toggles for each "one" 
bit to be serially transmitted. UNPLRA and UNPLRB are 
transmitted as complements for "One" data b~s 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. 11 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 Blnout 

Current 
Serial Output 

::t z Frame Channel t,lotes .... 
II: IL ~ '" '" .. In '" .... CD ;t; :r Number Bit Position c( :r 0 .... .... t:: .... I: .... ~ Iii .J .... 0 0 
c( ~ II) iii iii II) iii III iii c( III 1 2 3 4 5 6 7 8 

1 X X X X X X X X X X X X X X' 0 X X X X X X 1 

X X X X 0 X X X X X X X X X X 0 X X X X X X 1 

0 X X P Q R S T U V X A X 6 P Q A S T U V A f 
0 X X P Q R S T U V X X 8 12 P Q R 'S T U V B 2 

0 X X P Q R S T U V W X X Y P Q R S T U V W 2.3 

0 1 X 0 0 0 0 0 0 0 X A X 6 0 0 0 0 0 0 0 A 

0 1 X 0 0 0 0 0 0 0 X X B 12 0 0 0 0 0 0 0 B 

0 1 X 0 0 0 0 0 0 0 W X X Y 0 0 0 0 0 0 0 W 3 

0 0 X 0 0 0 0 0 0 0 X 0 X 6, 0 0 0 0 0 0 1 0 

0 0 X 0 0 0 0 0 0 0 X X 0 12 0 0 0 0 0 0 1 0 

0 0 1 0 0 0 0 0 0 0 0 X X Y 0 0 0 0 0 0 1 0 3 

0 0 0 0 0 0 0 0 0 0 0 X X Y 0 0 0 0 0 0 0 1 3 

NOTES: (1) ALARM = 1 has the same effect as BIT 2 = 0 
(2) P, Q. R, S, T, U and V may m"t simultaneously be zero, unles A, B or W is 1 
(3) Y is any frame f 6 and 112 with eels = 0, or alilrames with eels = 1 

, 1,11 
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Table 2. Framing Bit (FT & Fsl Output Data 

Frame Processed , 
Number Bit eels ~ 0 

1 FT 1 

2 Fs 0 

3 FT . 0 

4 Fs 0 

5 FT 1 

6 Fs 1 

7 FT 0 

8 Fs 1 

9 FT 1 

10 Fs 1 

11 FT 0 

12 Fs a (NOTE 1) 

Notes: (1) Alternate remote alarm reporting may be accomplished by holding 
to initiation of Frame 12. 

(2) Fr bit insertion· is automatic and no optional control is provided. 

CLOCK 
(1.544 MHz) 

. 

Bino!.', 

eels = 1 

1 

SBIT 

0 

SBIT 

1 

SBIT 

0 

SBIT 

1 

SBIT 

0 

SBIT 

SBIT and eels both high just prior 

r 
BINOUT= ~--~~F~~~~~~~~~~~~~~~~~~"~"~\,r~V-~",~",~~~X 

BIT NO. 8 _ 

CHCLKF ~SAMPLE CH. 1 n---------,,'Yr:SAMPLE CH. 2 lr7j--------------"'>::L 
FT 

... CH. 24 -l OR f-I .. -------- CHANNEL 1 • I of CHANNEL 2 ..j 
~ J 

(horizontal scale change) 

FRAME NUMBER 

FT = 1 
See Fig. 7 

SSTB 

SYNOUT 

FRSYNC' ~ _____________________________ ~~ _____ _ 

SYNCIW 

'POSSIBLE POSITIONS TO RE·INFORCE INTERNAL SYNCHRONIZATION. 

Figure 2. Transmitter Input-Output Signal Relationships 
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CLOCK 

LOOP 

BINOUT 

UNPLRA 

UNPLRB 

Figure 3. Transmitter Binary, Unipolar Outputs 

\'----1 \ 1 \ ~ 
;~;~~ c __________ , __________ ~ ~_ '" _ _ _ __ _ 

ALARM I I 

CLOCK 

::~~~: X 6th X 7th X 8th x For1st x 
~7~PTN _ xt t,. ---1-1t& t: _________________ _ 

Figure 4 (a). Channel Input Timing 

CLOCK 

~ 
\ 

LOOP ZXX ~ XXZ 
Figure 4 (b). LOOP Input Timing 

CLOCK .-l \ \~----,{ ~ / 
SSTB 

SBIT 

-1\\\\\\\\ 

-- -- c -- - - , --xf= '. fit----------- c --- --

BINOUT X CH 24, BIT 7 X CH 24, BIT 8 X Fs x CH 1, BIT 1 x 
CCIS /'-+*~--------"'1-h\(SEE NOTE) 

THE REMOTE ALARM. . 

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

'-------------' 
Figure 4 (e). Control Input Timing 
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CLOCK ,.Jrr; 
SYNCIN 0 

\~~/ 

BINOUT X ANY BIT X CH 1, BIT 1 x CH 1, BIT 2 x 
Figure 5, SYNCIN Timing Relationship 

CLOCK ~ \ j \ / \ I 
;;F= ·"~t-·" FRSYNC 

SSTB III 
BINOUT XXX III \s:s: XXX 
UNPLRA XXX IZI \\\ III 
UNPLRB XXX s:s:~ III XXX 

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

CLOCK 

FRSYNC (1 PULSE PER 2316 CLOCKS) 
(Return to zero) 

SYNCIN __ ---..un (1 PULSE PER 193 CLOCKS, MAX) 

DATA 
IN 

.. 
BINOUT 

SSTB 

CHCLKF 

SYNOUT 

~~~~N~!:T~ 111111--------------------..... may change 

CH 23 
FRAME 12 

I CHANNEL 1 FRAME 1 

78a8FH1828384Hs86 

l1li/ 

'*'\\ 
!///III 

!I/// 

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

Min Max Unit 

t,s Buffered Data Setup Time 450 ns 
t'H Buffered Data Hold Time a ns 
t" Control Input Setup Time 400 ns 
t'H Control Input Hold Time 20 ns 
t,s Asynchronous Control Input Setup Time 350 ns 
t'H Asynchronous Control Input Hold Time 20 ns 
t" SYNCIN Setup Time 200 ns 
t'H SYNC IN Hold Time 20 ns 

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

SSTB 
SYNOUT 

Ref from Falling 
Edge of Clock 

CHCLKF 
BINOUT 
UNPLRA 
UNPLRB 

MAXIMUM RATINGS· 

Parameter Symbol Value Unit 

Supply Voltage Voo +4.75 to +5.25 Vdc 

Operating Temperature Top o to 70 

Storage Temperature TSTG -55 to + 150 

ELECTRICAL CHARACTERISTICS 
(Voo = 5.0 ±5%) 

Parameter 

Logical "1" Input Voltage 

Logicical "0" Input Voltage 

Logicical "1" Output Voltage 

Logic "0" Output Voltage 

Output Source Current 

Output Sink Current 

Capacitance Load (any output) 

Input Capacitance (any input) 

Clock Frequency 

Power Dissipation 

·C 

·C 

Symbol 

VOH 

Vil 

VOH 

VOL 

10H 

IOl 

C 

CIN 

Po 

Max Delay Unit 

500 ns 
500 ns 

500 ns 
500 ns 
500 ns 
500 ns 

• NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func­
tional 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. 

Min Max Unit 

2.0 Voo + 0.3 V 

-0.3 0.8 V 

2.4 - V 

- 0.4 V 

-100 - ~ 

400 - ~ 

- 25 pF 

- 5 pF 

- 1.6 MHz 

- 250 mW 

11-15 
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PACKAGE DIMENSIONS 

I 
ill!!) 
(.530) 

T-1 Serial Transmitter 

~"T'TTTT'T"M"T"T'"I"'TTT'T'T'TT'T"I'Trr'~ 
(J!Q) 

----1"I"i, ITJ-
~~~t~ 
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R8060-R8060A 
T-1 PCM Devices 

'1' Rockwell 
R8060and R8060A 

T-1 SERIAL RECEIVER 

DESCRIPTION 

The Rockwell T-1 Receiver processes serial unipolar data of a 
T-1,D2 or T-1,D3 line from which data and a 1.544 MHz clock 
have been extracted. 

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

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

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

Remote alarm reporting is detected by monitoring the second 
received bit of every channel sample of every frame. 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 
the extraction of new output channel data. 

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

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

Timing relationships are given in figures 3 through 5. 

FEATURES 

o Synchronizes serial T·1,D2 orT·1,D3signals in less than 5 ms. 

o Extracts 8·bit parallel channel data 

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

o Monitors and detects 

- Errors in signaling bit pattern 
- loss of frame sync 
- loss of carrier 
- Remote alarm reporting 

• Single 5V supply 

• lSTTL Schottky compatible 

Document No. R8060D 

TCLK SIGFR 

VOO (+5) SBCLK 

WIHBT TOATA 

B2ALRM COB8 

TESTI COB7 

FRALRM COB6 

CHCLK COB5 } ""'""" MAxCN"T CDe4 
DATA 
BITS 

C"HSYN"C COB3 

SYNCEN CDB2 

MR COBI 

GND CDINH 

CALRM SBIT 

SBALRM TESTa 

Pin Configuration 

ORDERING INFORMATION 
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The T·1 Serial Receiver is available in two versions. With the 
standard commercial version, R8060, data will be stable within 
900 ns after the bit clock. With the selected version, R8060A, 
data will be available within 600 ns after the bit clock. 

VOO >--C:> +511 P2 

\ISS >---e::>- (OND) P12 ~p:; : l) CHANNH 

4 16 ~~~A 
, 32 
, 64 
1 ± 

CDINH )-..!pl:" ______ -1...L..J~~lt-''_, 

m. SYNCEN~~P1t· ===~f=%~~~~~~_"' 

TeSTO 

CALRM 

CHell( 
WIHBT 
CHSYNC 
MA)(CNT 

TESTl~ 
(LEAVe OPEN) 

c::;::====~! ... SBClK 

S'"T ;rcrn; 
S8ALRM 

L----=======-B---1'ALRM ~ 
Figure 1. R8060 Blo~k Diagram II.1II 

Data Sheet Order No. 308 
Rev. 3, August 1983 



R8060 • R8060A 

T-1 RECEIVER INPUTS 

Any input ::s;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-l Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 
TDA TA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK. 

TCLK: T-1 CLOCK 

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

SYNCEN: FRAME SYNCHRONIZATION ENABLE 

Provides a means to disable the automatic resync search 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-l 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-l 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 = + 5.0 ± 0.25 VDC 
VSS = Ground, 0 VDC 

T-1 RECEIVER OUTPUTS 

Low Power TTL Schottky - compatible 
"1" ;;,: 2.4 Vdc; "0" ::s; 0.4 Vdc 
CMOS - 12 K Opullup to VDD required. 
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COB (1-8): CHANNEL DATA BIT 1 THROUGH 8 

Bit 1 is the sign bit, Bit 2 is the most significant bit and Em 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 tailing edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK period after the next riSing edge ofCHCLK. 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 monitors the previous S-Bit received which 
occurred two frames before the receipt of the current S-Bit. An 
S-Bit output transition occurs one TCLK period after the rising 
edge of SBCLK. 
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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 sequenpe (If five 
consecutive received 5-Bits is eitherOll1X or lXOOI (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 channell 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 fail­
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 sample~ 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, 

T"1 SetialReceiver 

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 af,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-Bil 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 CHSVNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
period CHCLK, CHSVNC, and WIHBT are held high until frame 
sync has been located, as indicatEld.by the falling edge of 
FRALRM. With typical data patterns, frame synchronization 
takes less than five milliseconds. See Figure 2. 

/FRAMESVNC 

FRALRM-----Jr------~------------~----------~--------T~I ______________ _ 

II-....... ---2 FRAME PERIOD------i-.-tl 

CHSVNC~r_"._j,...i --.-{flf--------,L-.Jr-----

CHCLK~~ 

WIHBT 

Figure 2. Signat Retationship During Frame Alarm and Search for Resynchronization 
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..04--- F BIT FRAME I S BIT FRAME' ----.... 

CH24 CH1 
~ ___ .J'~ __ ---.., I A~ ___ -.. 

'NP,~~~::~ I ' I t H 32 H • I 4 12 I' I B~T I ± I .. 132 1 f·1 • I 4 I 2 I' I t H 32 

CLOCKED DATA I' I t I" 132 1'.1 • I 4 I 2 I, I B~T I ± 1"1 32 1'.1 • I 4 I 2 I' I t 1"1 

TCLK (1.54 MHZ) 

CHClK '------'I 
WIHBT 

SBCLK 

SBIT ________________ ~x~~---------------

CHANNEL DATA~ X v-::::;-
PARALLEL OUT ~L---,-C_H_2l_D:...U_T_PU_T_D_A_T_A_--.J ... ___ CH_2_4_0_UT_P_U_T_D_AT_A __ --'~ 

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

_____ S BIT FRAME FBITFRAME~ 

CH24 CH' 
,,-------''''-----.. 

INPg~~::~ I' I t 1 .. 132 1 f.l· 14 I 2 1'IB~TI ++, H • I 4 I 2 r, I t 1 .. 132 

CLOCKED DATA I' I ± 1 .. 132 1,.1 • I 4 12 I' IB~TI ± 16413.1'.1 • I 4 I 2 I, I ± 164 1 

CHCLK 

WIHBT 

'-------'I 

SBIT NO CHANGE 

u 
~~~:~~iLD;J:~'_ __ C_H_23_0_U_T_PU_T_D_A_T_A _ __.JX'__ __ C_H_2_4_0_UT_P_U_T_D_AT_A ___ ~ 

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

SBCLK 

T -1 Serial Receiver 

SIGNALING SYNCHRONIZATION 
BIT (SBIT)'PATTERN 

mIT~~ ____________________ --J 

(OUTPUT) 

SIGFR-----------,L.j 

MAXCNT ---..,Ur-----,Ur----,u u 
FRAME = 24 TIME SLOTS = 193 BITS = 125ILS 

TIME SLOT = 5.181LS ONE BIT = 648 NS 

MULTIFRAME = 12 FRAMES = 1.5 MS. 

u 

F BIT (FT) FRAME ALIGNMENT SIGNAL 

(ODD·NUMBERED FRAMES) 
S BIT (FS) MULTI FRAME AI,.IGNMENT SIGNAL 

(EVEI,II·NUMBERED FRAMES) 

FRAME 

1 
3 
5 
7 
9 

11 

FIRST BIT 

1 
o 
1 
o 
1 
o 

FRAME 

2 
4 
6 
8 

10 
12 

FIRST BIT 

o 
o 
1 
1 
1 
o 

Figure 5. Multiframe Signal RelationShips 

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

OUTPUT MAX DELAY (NS) 

CHCLK 300 
CHSYNC 300 
WIHBT 300 
MAXCNT 300 
SBCLK 300 
SBIT 400 
SIGFR 475 
SBALRM 475 
B2ALRM 450 
CALRM 300 
FRALRM 900 (RS060) 

600 (RS060A) 
COB (1-8) 400 

I 
1.550) 

1.5301 

LM-n-rTTnTT'rTTTTTTTT'TTTTTTTT"'c..l 

Packaging Diagram 
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R8060' • R8060A 

MAXIMUM RATINGS· 

Parameter Symbol Value 

Supply Voltage Voo +4.75 to +5.25 

Operating Temperature Ra,rige Top o to +70 

Storage Temperature Range TSTG -55 to + 150 

ELECTRICAL CHARACTERISTICS 
(Voo = +5V ±5%, T ... = 25°C) 

Paramater Symbol 

Input Logic "'1" Voltage VJH 

Input Logic "0" Voltage VJL 

Output Logic '''1'' Voltage VOH ' 

Output Logic "0" Voltage VOL 

Output Source Current lOti 

Output Sink Current 10L 

" Clock Frequency TCLK 

Input Capacitance " CJ 

Output Capacitance Co 

Power Dissipation PDS~ 

Unit 

V 

·C 

·C 

T-1 Serial Receiver 

"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. 

Min Max Unit 

2.0 Voo +0.3 V 

-0.3 0.8 V 

2.4 V 

0.4 V 

-100 ,.A 

400 ,.A 

1.85 MHz 

5 pf 

25 pF 

550 mW 
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R8070 
T·1ICEPT PCM Devices 

R8070 
T-1/CEPT PCM TRANSCEIVER 

PRELIMINARY 

INTRODUCTION 
The R8070 T·l/CEPT Transceiver is a new generation PCM 
(Pulse Code Modulation) protocol device designed and manufac­
tured by AQCkwelllnternational. The new device utilizes CMOS 
technology providing a higher level of component integration 
than its predecessors; low power dissipation and many features 
and capabilities. The device is designed to meet AT&T and 
CCITT specifications, including EXTENDED FRAME and CLEAR 
CHANNEL and/or CEPT applications using T·l, T·1C or CEPT 
specifications. 

Product availability of R8070 T-lICEPT PCM Transceiver is 
Winter, 1984. 

R8070 T·1/CEPT PCM Transceiver 

FEATURES 
• PCM format transceiver (transmitter and receiver in one Chip) 
• CMOS technology design 

• 5-volt single supply voltage 
• 54-pin QUIP package 

• Meets CCITT G.732, G.733 and G.703 (applicable parts) 
specifications; and AT&T advisories 

Document No. 29300N11 
11-23 

• Operates with EXTENDED FRAMING, CLEAR CHANNEL 
andlor CEPT formats 

• Uses a clock of 1.544 (T-l), 1.576 (112 T-tC), or 2.048 (CEPT) 
MHz depending on operation mode 

• Supports multiplex/demultiplex T-1C, mode 1 (synchronous) 
operation 

• Formats data to be serially transmitted/received according to 
CCITT and AT&T specifications 

• Mode Selectabie - provides 17 different data format and zero 
suppression mode combinations 

• Selectable serial or parallel digital data interface 

• Provides status and alarm information to peripheral equip­
ments for control and status reporting 

• Allows external synchronization of the transmitter's internal 
circuitry 

• Generates signals for external processing of data 
• Interfaces between multiplexed· digital signals and the PCM 

highway 

APPLICATIONS 
• Channel Banks - add signalling and framing information to 

the multiplexed 24-volce channels 

• CPI and .DMI - provides bidirectional data communication 
between systems 

• PBX - interfaces between transmission medium and trunk 
side of PBX 

• Time and Space Division Switching - provides interface 
between PCM highway and dedicated time slot interchange 
circuitry 

• Can be used in virtually any vOice/data system designed to 
AT&T or CCITT specifjcations for primary rate interface 

CUSTOMER BENEFITS 
Use of the R8070 will: 

• Reduce board layout area 
• Save power - CMOS low power dissipation 
• Provide higher design reliability - replaces 100 MSI with one 

chip 

•. Provide cost reduction 

• Meet AT&T and CCITT specifications in a single device 

• Provide ease of signal processing on a digital data 

Product Summary Order No. 311 
March, 1984 



R8070 T-1/CEPT PCM Transceiver 

SELECTABLE R8070 MODES 
'" 

MNEMONIC DESCRIPTION 

T·1 
, 

193N 193 bitslfraine, no,signalling 
4 frames per super frame 

Zero suppression - BSZS, B7 stuffing, or transllarent 

1935 193 bits/frame, with signalling 
12 frames per super frame 

Zero suppression - BeZS, B7 stuffing, or transparent 

193E 193 bits/frame, extended frame, with signalling 
24 frames per super frame 

Zero suppression - BeZS, B7 stuffing, or transparent 

193F 193 bitslframe, extended frame, no signalling 
24 frames per super frame 
Zero suppression .:... eeZS or transparent 

197N 197 bitslframe, 'II! synchronous T·1C, no signalling 
4 frames per super frante 

Zero suppression, (None) transparent 

1975 197 bits/frame, 'I. syt1chronous n·c, with !!ignalling 
12 frames per super frame 

Zero suppressio,"" (None) transparent 

CEPT 

256N 256 bits/frame, with signalling 
2 frames per super frame 

Zero suppression - HDB3 or trimsparent 

256S 256 bits/frame, with signalling 
16 frames per super frame 

Zero suppression - HDB3 or transparent 

Legend: Zero Suppression Key 
BeZS = Bipolar e Zero Substitution 
B7 = Bit 7 
HDB3 = High Density Bipolar 3 Zero Max 
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