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NOTICE 

This Technical Reference is published by American Telephone and Telegraph 
Company as a guide for the designers, manufacturers, consultants and sup­
pliers of customer-provided systems and equipment which connect with Bell 
System Communications systems or equipment. American Telephone and Tele­
graph Company reserves the right to revise this Technical Reference for 
any reason, including, but not limited to, conformity with standards pro­
mulgated by ANSI, EIA, CCITT, or similar agencies, utilization of new 
advances in the state of the technical arts, or to reflect changes in the 
design of equipment or services described herein. The limits of responsi­
bility and liability of the Bell System with respect to the use of customer­
provided systems or equipment are set forth in the appropriate tariff 
regulations. 

If further information is required, please contact: 

Engineering Manager - Data Systems 
American Telephone and Telegraph Company 
19 5 Broadway 
New York, New York 10007 
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O. TECHNICAL_SPECIFICATICN_SUMMARY 

Data Rates: 9600 bps frorr a single ~ata source 
or one of several multiplexing arrangements: 
One 7200 bps and one 2400 bps data channel 
Two 4800 bps data channels 
One 4800 bps and two 2400 bps data channels 
Four 2400 bps data channels 

Operation: Synchronous, binary, serial 

Operating ~odes: Half-duplex or duplex according to data 
terrrina1 oreration 

Cha~nel Requirement: 3002-type 4-wire private line channel 
with High Performance Data Conditioning 
(Dl-type) and no c-type conditioning 

Interface Voltages: Per EIA Standard RS-232-C 

Interface control Functions (applies to all connectors): 

Request to send - Clear to Send delay: 

continuous carrier operation with switched Request-to-Send: 
8 i 1 milliseconds on any of the connectors that are used 

Continuous carrier with continuous Request-to-Send: 
no delay, i.e., Clear-to-send is ON all the tirre on 
any of the connectors that are used 

Switched carrier operation: 
147 ~ 1 milliseconds en connector No. 1 when 
multiplexing is not used. When multiplexing is 
used it will vary between 8 and 200 milliseconds 
on any of the connectors that are used 

Received Line Signal Det~ctor Operation: 

Turn ON: 127 ! 2 rr.illiseconds after Signal Quality 
Detector turns CN 

Turn OFF: less than 1 millisecond after Signal 
Quality Detector turns OFF when working with a 
remote data set optioned for switched carrier, or 
approximately one seccnd when working with a data 
set optioned for continuous carrier 

Signal Quality Detector Operation: 

Turn ON: approximately 20 milliseconds after data 
signal is present on line 

Turn OFF: approximately 20 milliseconds after data 
signal is absent on line 
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Interface Connector(s) and Cable(s): 

Direct Data Terminal connection: 

Data Terminal connecting cord must frovide a 25-pin 
Cinch or Cannon Type DB-19604-432 (male) plug with Cinch 
Type DE-51226-1 Hood (or equivalents) for each connector 
which is used. Interface cable provided by customer 
is recommended to be no more than 50 feet long (or no 
greater than 2500 picofarads shunt capacitance) in 
conformance with EIA standard RS-232-C. 

connection to Data Set for Extension service: 

With many point or one-to-many multiplexing arrangements 
(SEE Section 1.2), interconnection of the 209A with a 
lower speed Telephone comfany provided synchronous data 
set will be co~nected using a special interface cord 
provided ty the Telephone company. In addition, the 
remote data terminal will interface with the remote 
lower speed data set at the far end of the extension 
channel through another Sfecial Telefhone company 
provided interface cord terminated in a 25-pin (female) 
connector sirr.ilar to that on the data set (see Table 
2). Interconnection of a customer provided data set 
to the 209A will require that the customer provide the 
functionally equivalent Sfecial cords or circuitry. 

AC Power Required: 

117 volt~ 10 percent ac, 60 Hz± 5 percent. Data set 
consumes about 95 watts. Power cord is furnished with 
data set. Power outlet should be a conventional 3-wire 
tyfe not under switch central. 

Environmental Requirements: 

Ambient temperature range: 40° - 120°F 
Relative Humidity: from 20 to 95 percent up to 75°F 

from 20 to 40 percent at 120°F 

Dimensions: 20-1/2 inches wide, 5-1/8 inches high, and 13-1/2 
inches deep 

Weight: Approximately 42 pounds 
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1.1 Data_Set 209A_IYQe 

Data Set 209A is designed for transrrission and reception 
of synchronous 9600 bps serial, binary data on 3002-type 
4-wire private line channels ordered with High Performance 
Data conditioning (D1-type) but no c-type conditioning. 
The data set also provides time division multiplexing 
options for a) one 7200 bps and one 2400 bps serial bit 
streams, b) two 4800 bps serial bit streams, c) one 4800 
bps and two 2400 bps serial tit streams, or d) four 2400 
bps serial bit streams.* The selection of the multiplexing 
option is under customer control via a selector switch 
shown in Figure 1. The selected multiplexing option is 
indicated by illumination of a combination of four LED 
lamps on tbe front of the data set. The data set features 
an 8 rrillisecond startup delay with continuous carrier and 
switched Request-to-send operation, which is recommended 
for each tasic system configuration, or no delay if used 
with the continuous carrier and continuous Request-to-send 
options. Should the data terminal require switched carrier 
operation the startup delay is approxiroately 150 
milliseconds, but in multiplexing applications can be 
between 8 and 200 milliseconds depending on when the data 
terminals use their Request-to-send circuits. The data 
set uses automatic adaptive equalization and places no 
restriction on the coding of customer data as the 
transmitter contains a scrarocler circuit to randomize the 
signal applied to the channel. The data set incorporates 
an automatic retraining feature which is described in 
Section 1.8. The data set provides seven LED status lamps 
which monitor four interface circuits, the automatic 
equalizer, test mode status, and the power supply. These 
status lamps and the four push-button test switches on the 
front of the data set permit fault isolation of problems 
to the data set, the channel, or the data terminal. System 
testing procedures are given in Section 5. 

Data Set 209A can be interfaced with either data terminal 
equipment or other lower speed synchronous data sets 
operating at 7200, 4800, or 2400 bps for extension of the 
data streams from the multiplexing location to a remotely 
located data terrrinal. Lower speed Telephone Company 
provided data sets are available for 4800 and 2400 bps 
extension service (they must te ordered separately). 

;-Forconvenience these multiplexing options will be 
abbreviated throughout the remainder of this document 
as 96, 72/24, 48/48, 48/24/24, and 4-24. 
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Data Set 209A is line signal compatible only with another 
209A. It provides 9600 bps duplex service which, depending 
upon the requirements of the data terrrinal(s) connected, 
can be operated to yield one-way, two-way nonsimultaneous 
(half-duplex) or two-way simultaneous (duplex) transmission 
for point-to-point private line applications. A discussion 
of basic system configurations is given in section 1.2 
with further details in Section 4.1. A description of 
optional customer specified features provided by the data 
set is presented in section 2. 

1.2 Easic_system_configurations 

There are four basic system configurations for Data Set 
209A. These are not meant to represent all possible 
configurations, but to show the basic set of permissible 
configurations in which the 209A can be used. Each 
configuration is described in detail in Sections 4. 1. 1 to 
4.1.4, following the sections describing the optional data 
set features (Section 2) and the operation of the interface 
circuits (Section 3). These latter two sections describe 
how the interfaces of the data set function. The customer 
must specify the system configuration in which the 209A 
will be used in order for the Telephone company to 
appropriately engineer each data set in the system. There 
are seven optional features en the 209A which must be 
specified ty the customer according to data terminal 
operation and system layout. options must also be specified 
for other Bell system data sets used. Data set 209A options 
are described in Section 2 and are listed in Figure 3. 
Figures 4(a) to 4(d) show the required options in each 
Bell System data set in the four basic system 
configurations. options that are not denoted as required 
are only recommended. They need not be used if data 
terminal incompatibility results. The four basic 
configurations are described below. 

1. Point-to-Point_9600_Service (Figure 4(a), Section 
4.1.1) 

Cata is exchanged between two locations, each with 
a data terminal which is capable of 9600 bps data 
transfer rates located within 50 feet of the data 
set. 
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2. Point-to-Point Multi£l~xing_Service (Figure 4(b), 
Section 4. 1. 2) 

The data set provides time division multiplexing 
options for a) one 7200 bps and one 2400 bps data 
channel, orb) two 4800 bps data channels, or c) 
one 4800 bps and two 2400 bps data channels, or d) 
four 2400 bps data channels. For this configuration 
all data terminal equipment must be within 50 feet 
of the 209A data sets at each end of the private 
line channel. 

3. Many_Point MultiJ2lexing service (Figure 4(c), 
Section 4. 1. 3) 

With any of the multiflexing options if a~y data 
terminal is farther than 50 feet from the 209A 
either in another location o_r within the same 
building, it may be connected to the 209A via an 
extension channel provided by a separate lower speed 
synchronous data set with a data rate compatible 
with the multiflexed data channel rate of the 209A 
(i.e., 7200, 4800, or 2400 bps)·* Up to four such 

extension channels may be provided from either one 
or both 209As depending on the multiplex option 
selected and the system layout. In this way the 
lower rate data channel can be extended via other 
private line facilities to remotely located data 
terminals. The extension channels may be point-to­
~oint or multipoint depending on the application. 
~here are restrictions on how multipoint extension 
channels may be configured. These are discussed 
in section 4.1.3. The extension data sets and 
extension private line channel(s) must be ordered 
separately. 

4. One-to-Man~_Multi2lexing_service (Figure 4(d), 
Section 4. 1. 4) 

A one-to-many multiplexing arrangement differs from 
the previous two rrultiplexing arrangements simply 
l::y the fact that cne "central" data terminal does 

----------* Only 4800 bps and 2400 bps extension service is available 
with Bell System data sets 208A and 201C, respectively. A 
Bell System 7200 bps extension service offering is not available. 
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the multiplexing of the 9600 bps data stream in 
place of the 209A at that location. This will save 
forts on the central data terminal. At the far-end 
209A, the customer selects one of the four 
multiplexing options to provide two or more lower 
speed data streams for use by separate data terminals 
which may be collocated or accessed over extension 
channel(s) (ordered separately). The only advantage 
of using this arrangement is when the customer wants 
to use only one co~munications port on his data 
terminal at the central site. If this is 
advantageous compared to using the 209A for 
multiplexing as described for the point-to-point 
or many point multiplexing arrangements, then one­
to-many multiplexing should be used. To perform 
the proper multiplexing of the 9600 bps data stream, 
the central data terrrinal must provide multiplexing 
software or hardware equivalent to that in the 209A. 
synchronizing signals are supplied by the central 
209A data set to allow identification of the time 
division multiplexed 9600 bps data sent to and 
received from the far-end. sections 3.3.12 and 
3.3.14 describe these synchronizing signals. 

It should be noted that the rrultiplexing bit sequence 
of the 9600 bps data stream at the central 209A is 
rather complex when either the 72/24 or the 48/24/24 
option is selected in the far-end 209A. Therefore, 
these two multiplexing options are not recommended 
for customer terrrinal multiplexing, but may be used 
if desired. See section 4. 1.4 for more information. 

1.3 Physical_Descri2tion 

The housing of Data Set 209A, shown in Figures 1 and 2, 
measures 20-1/2 inches wide, 5-1/8 inches high, and 13-1/2 
inches deep. The data set will operate normally over a 
temperature range from 40° tc 120°F and with a relative 
humidity from 20 to 95 percent up to 75°F and from 20 to 
40 percent at 120°F. The data set contains a small exhaust 
fan to aid in heat dissipation within the housing. The 
data set weighs approximately 42 pounds. Mounting 
arrangements are discussed in Section 1.9. 

1.4 Fower Reg_girements 

Power is supplied through a 3-wire power cord attached via 
a twist lock connector on the back of the data set. The 
cord should be connected to a conventional 3-wire, 117 
volt !10 percent, 60 Hz !5 percent, nonswitched ac outlet. 
The data set consumes approximately 95 watts of ac power 
typically and up to 100 watts maximum. Data set circuitry 
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is protected from over voltages from the power supply by 
a circuit breaker built into the power supply. Should 
this circuit breaker trip, the ON lamp (see Section 1.7) 
will go out and the data set will become inoperable. The 
Telephone Company should be notified if this occurs. 

1.5 Interface_Com2atibility 

The interface signals exchanged between Data Set 209A and 
any data terminal equipment on any of tbe four interface 
connectors of the data set ccnform electrically to the 
Electronics Industries Association (EIA) Standard RS-232-
c. Most of the interface circuits on the four connectors 
of the 209A, listed in Figure 5, also conform functionally 
to those defined by RS-232-C with the exception of four 
interface circuits on connector No. 1 which are not defined 
by that standard (QM, DCT, DCR, and Circuit 25). These 
additional circuits are denoted by "ncn-EIA" in Figure 5 
and in the circuit descriptions in Section 3.3. Section 
3 provides details of the function and operation of all 
the interface circuits. 

Data Set 209A has four push-button test switches accessible 
on the right side of the front cover. The test switches 
permit local and remote testing of the 209A data sets with 
the private line channel and with data sets on extension 
channels. section 1.6.1 discusses the various test modes, 
referred to in this document as TES1 1 to ~EST 6. These 
tests are intended for testing the 209A link alone. Test 
procedures are covered in section 5. 1. Testing of entire 
system configurations when they involve extension Channels 
are discussed in Section 5.2. System testing of all data 
sets in a many point or one-to-many multiplexing 
configuration with extension channels will involve the use 
of test features in other Bell system data sets as well 
as those in the 209A. Test procedures are covered in 
section 5.2. 

It should be noted that the use of any of the test switches 
on the 209A (except LP) will affect all data set interfaces 
and will interrupt normal operation of the data set. 
Individual interfaces cannot be tested separately using 
the self-test circuitry or the AL and .DL switches described 
below. 

All of Cata Set 209A 1 s test switches, shown in Figure 1, 
are a push-to-operate and push-to-release type with the 
exception of the LP switch which is nonlocking. The four 
switches are identified as follows with their respective 
functions: 
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1) LP_JLam2_Testl: This is a nonlocking switch which 
when held depressed will light all of the data set 
mode and multiplex status lamps (see Section 1.7) 
except the ON lamp (which is lit whenever the data 
set is powered) to check that they are working. 
Depressing this switch does not affect data set 
operation in either the data or the test mode (i.e., 
when the AL, ST, or DL switches are depressed). 

2) AL_JAnalog_Looeback1: This switch is used to connect 
the transmitter output to the receiver input through 
an internal attenuator network. This permits the 
testing of the local data set with either self­
contained test circuitry activated by the ST switch 
or with external test equipment or the data terminal 
equipment through any of the data set interface 
connectors when the connector is activated. 
Depressing the AL switch will light the TM lamp, 
will disable the slaved transmitter timing option 
(see section 2.6), will turn out the MR lamp and 

turn all Data Set Ready (CC) circuits OFF. If the 
Data Set Ready in AL rrode ON option is installed 
(see section 2.5) and the ST switch is not depressed, 

the MR lamp will be lit and the Data Set Ready (CC) 
circuit(s) will stay ON so that a data terminal on 
any connector can operate with the data set during 
an analog loopback test of the local data set (see 
TEST 4 in Section 1.6.1). 

3) ST_Jself_Testt: This switch is used to condition 
the data set to operate with a built-in test word 
generator and word comparator to check for errors. 
Internally it turns all Request-to-send signals ON 
and causes the separate internal Received Data 
circuits to be rronitored for errors. When the ST 
and AL switches are depressed to perform a self 
test of the local data set (see ~EST 1 in Section 
1.6.1), the ER lamp will bliuk if a bit error occurs 
in this test mode. Depressing the ST switch alone 
will light the TM lamp~ will disable the slaved 
transmitter timing Oftion (see Section 2.6), will 
disable the the external transmitter timing option 
(see section 2.2), and will turn out the MR lamp 
and turn OFF the Data Set Ready (CC) circuit on all 
connectors (i.e., it overrides the Data set Ready 
ON in AL mode option, see Section 2.5). When the 
ST switch on the local data set is depressed and 
the DL switch on the far-end data set is depressed, 
a test signal is sent to the far-end and returned 
to the local data set where it is checked for errors 
(see TEST 2 in section 1.6.1). If a bit error 

occurs in the received signal, the ER lamp on the 
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local data set will flash momentarily when in this 
test mode. 

4) CL_JDigital_LOOEbackl: This switch is used to 
connect the Received Data (BB) circuit to the 
Transmitted Data (BA) circuit and the Receiver 
Signal Element Timing (DD) circuit to the Transmitter 
Signal Element Timing External (DA) circuit on each 
of the four interface connectors. It also connects 
together the Signal Quality Detector {CG) and 
Request-to-send (CA) circuits on connector No. 1 
which enables transmission on all the multiplexed 
data circuits. As a result of these loopback 
ccnnections, these interface circuits are 
electrically opened circuited toward the data 
terminal on those connectors. The DL switch permits 
the data set to act as a regenerator of received 
signals to send them tack to the far-end. This 
enables a test to be made of the private line and 
the near and far-end data sets. Test signals are 
generated at the far-end data set using either the 
self test circuitry activated by the ST switch or 
with external test equipment or the data terminal 
equipment through any one of the far-end data set 
interfaces. The test is monitored at the far-end 
data set. The DL switch also permits a remote 
loopback test of the local data set to be made with 
another 209A at a Telephone Company test center. 
Depressing the DL switch will light the TM lamp, 
turn out the MR lamp, and turn OFF the Data Set 
Ready interface circuit on all interface connectors. 

1. 6. 1 Easic_Cata_set_'I'esting_Modes 

The AL, ST, and DL test switches permit the following types 
of tests to be made. Associated with each group of tests 
is a descriptive figure and a section reference which 
descrites the test frocedures in more detail. The tests 
are referred to in this document as lESl 1 through TEST 
6. 

Self_Tests (Fig. 10, Section 5.1.1) 

TEST 1) Analog loopback self test: tests the local 
data set apart from the data terminal and 
private line. 

TEST 2) Digital loopcack self test: tests both data 
sets plus both sides of the 4-wire private 
line channel as one assemblage with test status 
monitored at only one data set. 
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TEST 3) End-to-end self test: tests each data set 
transmitter and receiver pair plus each side 
of the 4-wire private line independently; 
requires test status monitoring at each data 
set. 

Tests_1hrough_Data_set_Interface (Fig. 11, section 5. 1.2) 

1ES1 4) Analog loopback test: uses the data terminal 
equipment or external test equipment to test 
with the local data set; requires duplex 
operation of test equipment or the data 
terminal. 

TES1 5) Digital loopcack test: permits the data 
terminal equi:pnent or external test equipment 
to perform TEST 2 by signaling through the 
interface of the local data set over the 4-
wire private line channel and back through the 
digitally looped far-end data set. This 
requires simultaneous transmission and reception 
of data signals by the test equipment or data 
terminal. 

Test_From_Tele2hone_com2any_1est_center (Fig. 12, Section 5.1.3) 

1ES1 6) Telephone company remote test: tests the local 
data set in the digital loopback mode and both 
sides of the 4-wire private line channel between 
the data station and the Telephone company 
test center. 

The first three self tests can be made cy the customer's 
operating personnel without any auxiliary test equipment. 
TESTS 4 and 5 can be run either with external test equipment 
or with the data terminal if it is appropriately arranged 
to make such a test. Procedures for these tests are covered 
in Section 5 of this document. Status lamp indications 
for these tests are surr.marized in Table 1. If trouble is 
isolated to the data set or private line channel, the 
customer should call the Telephone Company repair service. 

1.7 Status_Lam£_Indications 

Eleven LED status lamps are provided on the front of the 
data set. These are divided into two vertical groupings. 
The left grouping (4 lamps) indicates multiplex option 
status. Tte right grcuping (7 lamps) indicates the status 
of four interface circuits and three other data set 
functions. The following is the list of lamp indications 
giving their abbreviated designations and corresponding 
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function as they appear on the right side of the data set's 
front cover. The left colurrn appears as follows: 

96 - corresponds to 9600 bps operation on connector 

72 - corresponds to 7200 bps operation on connector 

48 - corresponds to 4800 bps operation on connector 
or on both connectors No. 1 and 2 

24 - corresponds to 2400 bps operation on some or 
all connectors 

The relation of these lamp indications to the selected 
multiplex option is shown in the following table: 

Active connectors 
Lamps Multiplex and Bit Rates (bps) 
_ Ll!_ _Q£!ion_ _ _j __ _l__ _] __ ~-

96 96 9600 * * * 
72,24 72/24 7200 2400 * * 
48 48/48 4800 4800 * * 48,24 48/24/24 4800 2400 2400 * 24 4-24 2400 2400 2400 2400 
None Test position 

No. 

No. 

No. 

1 

1 

1 

* = not operational (except as indicated in Section 3.2.2) 

The right hand column of lamps is as follows: 

ON - Power Indication 
MR - Data Set Ready (Modem Ready) 
RS - Request to Send 
cs - Clear to Send 
co - Received Line Signal Detector (Carrier On) 
ER - Equalizer retrain in data mode or error indica­

tion in self test mode 
TM - Test Mode 

The power indicator lamp (ON) is lit whenever the data set 
is powered. The ON lamp will go out if there is an over 
voltage on the power line which trips the power supply 
circuit breaker, or if tte thermal cutout switch in the 
power supply opens to protect the data set from overheating. 
The thermal cutout switch is self-resetting, but the circuit 
breaker is not. If the ON lamp will not light while the 
data set is plugged in and the power outlet serving the 
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data set has been checked to verify that power is present, 
the Telephone company should be called. 

When in the data mode, the MR, RS, cs, and co lamps light 
in accordance with the ON condition of the respective 
interface circuits Data set Ready (CC), Request-to-Send 
(CA), Clear-to-Send (CB), and Received Line signal cetector 
(CF). These indications are combined for all active 
connectors so that an ON condition on a given interface 
circuit of any connector lights the corresponding lamp. 
See section 3.3 for a description of the operation of these 
circuits. Operation of these lamps in the various test 
modes is covered in Section 5 and is summarized in Table 1. 

The ER lamp indicates the mode of the adaptive equalizer 
when the data set is in the data mode (MR lamp is lit and 
no test switches are depressed, i.e., ~M lamp is out). 
ER follows the operation of the QM circuit (which appears 
only en connector No. 1) but in the opposite sense, i.e., 
ER is lit when QM is OFF and is extinquished when QM is 
ON. ER is norrrally lit when the co laffip is out (i.e., no 
signal is being received). In each of the four basic 
configurations given in section 1.2 continuous carrier 
operation is recommended. As a result the co lamp should 
be lit and ER should be out. However, if switched carrier 
is used, co will be out when no carrier is received (i.e., 
between transrrissions) and ER will be lit until the time 
a startup sequence is received. With continuous carrier 
operation or during transmission with switched carrier, 
the ER lamp will light while co is lit when automatic 
retraining is taking place in the adaptive equalizer of 
the local data set. If ER should continuously flash or 
stay lit when carrier is being received (CO lamp is lit), 
marginal performance is indicated due to channel 
impairments, inability to retrain, or some other fault on 
the channel or in the data set. If this latter condition 
should arise, it is recommended that the testing procedures 
discussed in section 5 be employed to isolate the cause 
of the trouble indication. 

The ER lamp will indicate data errors if one of the three 
self test modes is used (see section 1.6. 1, TESTS 1 to 3). 
The ER lamp is conditioned to flash moffientarily if a bit 
error is detected in the received data test signal when 
the ST switch is depressed on the local data set. Flashing 
of the ER lamp when the data set is in the data mode or 
when only the AL or DL switch on the local data set is 
depressed does not indicate errors. In these cases ER 
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indicates only the state of the adaptive equalizer in the 
data set as explained above. 

The TM lamp lights whenever the AL, DL, or ST switches are 
depressed to indicate that the data set is in a test mode - , 
and when the LP switch is depressed. Selection of the test 
position of the rotary multiplex selector switch will not 
light the TM lamp (see Section 2.1). 

Use_of_Status_Lam2s_for_Test_MOnitoring 

section 5 outlines the test rrocedures used to isolate 
problems to the data terminal, data set, or transmission 
channel. Verification of proper data set operation using 
the self-contained test circuitry is by means of this 
right-hand vertical column of status lamps. 

1.8 Automatic_Retraining_Feature 

~he adaptive equalizer in a 209A receiver is trained by 
transmission of a special training sequence from the far­
end transmitter. When operating either continuous or 
switched carrier this sequence is sent when power is applied 
to the data set. When operating switched carrier, the 
sequence is also transmitted under control of the Request­
to-Send (CA) circuits on each connector. When the data 
set goes from a state where all CA circuits are OFF, the 
first CA circuit which turns CN initiates the sequence. 

During transmission the receiver may require retraining 
due to interfering phenomena on the channel or when signal 
interruptions occur due to dropouts exceeding one second 
with continuous carrier operation or 20 milliseconds with 
switched carrier operation. If any momentary interference 
causes equalizer misadjustment, a retraining sequence sent 
from the far-end data set will correct this problem. If 
the interference is persistent, several retraining attempts 
may be necessary to correct the misadjustment. The 
automatic retraining feature permits the 209A receiver's 
adaptive equalizer tote automatically retrained when the 
equalizer has become misadjusted without the data terminal 
equiproent(s) taking any action. The automatic retraining 
feature causes the Clear-to-send (CB), Received Line Signal 
Detector (CF) and Signal Quality Detector (CG) circuits 
to go OFF on all active connectors of the data set requiring 
re-equalization. The Equalizer Mode (QM) circuit on 
connector No. 1 will also go OFF. On the far-end data set 
only the Clear-to-send circuit(s) will be forced OFF upon 
receipt of a signal requesting retraining. An illustrative 
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diagram showing the interface operation of both data sets 
during a retraining sequence for one data set is shown in 
Figure 6. 

Although automatic retraining interrupts customer data 
signals in both directions on all active connectors, the 
retraining interval is brief and the resulting improvement 
in error performance will reduce the need for numerous 
blcck retransmissions if the adaptive equalizer has become 
misadjusted. 

1.9 Location_and_Mounting_of_the_Data_set 

~he data set should be located in the vicinity of the data 
terrrinal equifment on a nearty desk, table, stand, or for 
multiple arrangements in Bell System*provided data set 
cabinets or equiFment racks (23 inch wide equipment racks 
are required for rack mounting). The customer should 
consult with the local TeleFhone Company on available 
mounting arrangements and specify the mounting arrangement 
that he requires (desk or rack mounting). At least two 
inches of space must be left at the rear of the data set 
in any mounting arrangement to permit circulating air to 
exhaust frcm the housing. Care should also be taken not 
to block tte louvers in the front cover. 

The customer provided interface cable{s) from the data 
terminal(s) should not exceed 50 feet in length in 
accordance with recommendations in EIA Standard RS-232-C. 
This recommendation is intended to minimize cross-talk 
coupling among the unbalanced interface circuits and reduce 
the cnance of noise pickup from outside sources. The data 
set will be installed in a lccation to permit compliance 
with this recommendation. 

1.10 Alternate-Voice service 

A private line channel equipped with a pair of Data Set 
209As can 0e provided with telephone sets for alternate­
voice private line service. When this service is ordered, 
the telephones will be connected to the line through the 
cnannel terminating equipment. Alternate-voice is an 
option of tne private line channel and not of the data 
set. Speech may sound somewhat noisy on some private 
line channels equipped with high performance data con­
ditioning. This is a result of the special engineering 
(replacing compandors with VF amplifiers) required on 
certain carrier systems to improve the nonlinear dis­
tortion characteristics. 

*Cust~mer pr?vided cabinets can be used, however, they must 
provide equivalent environmental (ventilation) characteristics. 
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2. OFTIO~AL_CUSTCMER_FEATURES 

Data Set 209A is provided with seven optional features 
which must be specified when the data set is ordered so 
they may be permanently installed. There is also a 
multiflex selector switch under customer control which may 
be changed as the customer requires. Of the seven customer­
specified options all but the elastic store option affect 
operation of the entire data set. The elastic store option 
must be specified separately for each connector as is 
appropriate. A description cf each of these options is 
frovided in this section. Figure 3 provides a listing of 
these options and the choices which can be made. 

The customer has control of the multiplexer option via a 
six-position continuous rotary switch located under the 
front of the data set (see Figure 1). The consecutive 
ordering of the switch pcsitions is as follows: 1) 9600 
bps operation on interface connector No. 1, 2) 7200 bps 
operation on connector No. 1 and 2400 bps on connector No. 
2, 3) 4800 bps operation en connectors No. 1 and 2, 4) 4800 
bps operation on connector No. 1 and 2400 bps on No. 2 and 
3, 5) 2400 bps operation on each of the four interface 
connectors (No. 1 to 4), and 6) a switch position used for 
factory test purposes. The switch position is indicated 
by a column of status lamps as described in Section 1.7. 
The switch can be rotated continuously in either direction 
to arrive at the desired position. The customer may select 
any one of the five norrral positions depending on the 
multiplexing arrangement of his system. The customer 
should not select the test position (no numeric lamps will 
light when the switch is in this position). Basic system 
configurations to guide in the use of this switch are 
described in Sections 1.2 and 4. 1. 1 to 4. 1.4. 

2.2 Transmitter_Timing_Provided by_Qata Terminal_Egyipment 

The data set transmitter provides a transmit clock signal 
on circuit 15 (DB) on those active interface connectors, 
depending on the multiplex option used. This allows the 
data terrrinal equipment to properly transfer the transmitted 
data at either 9600 bps, 7200 bps, 4800 bps, or 2400 bps. 
As an option, one of the customer's data terminals can 
provide an EIA compatible transmit clock signal on circuit 
24 (DA) of connector No. 1 to provide transmitter timing 
for the data set. It has been our experience that most 
data terrrinals designed to operate with synchronous data 
sets use the data set as the timing source (internal timing) 
rather than provide timing themselves (external timing). 
If, ho~ever, the data terrrinal provides transmitter timing, 
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the 209A will provide a transmit clock on circuit 15 (DB) 
of each active connector which is phase locked to the 
external clock on circuit 24 (DA) of connector No. 1. The 
external timing signal from the data terffiinal on circuit 
24 (DA) of connector No. 1 must conform to the distortion 
accuracy of EIA Standard RS-334, which requires peak 
individual distortion of no more than 0.5 percent. The 
frequency accuracy must be within ±-0025 percent of the 
bit rate which can be 9600, 72-00, 4800, or 2400 Hz depending 
on the multiplex speed chosen for connector No. 1. 

If a data terminal on connector No. 2 to 4 provides an 
external timing signal on its DA circuit, the data set 
must be Oftioned with an elastic store on the particular 
connector(s) so used. The phase of tbese timing signals 
need not be locked to the phase of the timing signal 
provided ty the data terninal on circuit DA of connector 
No. 1. However, the frequency of these clock signals roust 
be locked to that provided on circuit DB of the same 
connector. ~he timing signal on the CA circuit of connector 
No. 2 to 4 is used only for data transfer to the multiplex 
logic, not for data set transmitter timing. The DA circuit 
and elastic stores are also used in extension service when 
interfaced with a lower speed data set (see section 2.5). 

2.3 Continuous_or_Switched_Carrier_o2eration 

In each of the four basic system configurations described 
in section 1.2, it is recommended that both data sets send 
a carrier signal all the time to eliminate the need for 
sending the training sequence every time the data 
terminal(s) transmit a new data message. The training 
sequence is required at the beginning of carrier signal 
receftion for detecting carrier and training the adaptive 
equalizer. An optional feature, called continuous carrier, 
is available which will keep the transmitter on permanently 
when the data set is powered. This maintains the adaptive 
equalizer in the far-end data set receiver in an active 
mode. When this option is employed, the Request-to-send 
circuit of each connector may be used in one of two ways 
as described in section 2.4. 

The alternative option, switched carrier, causes the data 
set transrritter to turn on and off under control of the 
Request-to-send (CA) circuits. ~hus, each time all CA 
circuits turn OFF, the carrier signal disappears and the 
far-end data set receiver assumes an idle state. The 
receiver can te reactivated tor further data transmission 
only ty receiving a new training sequence from the near­
end transmitter before accepting the customer data message. 
The training sequence which lasts about 150 milliseconds 
is not as efficient from a throughput standpoint as is 
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continuous carrier. The CA-CB delay for switched carrier 
can vary between 8 and 200 rrilliseconds depending on when 
the data terrrinal(s) turns the CA circuit OFF and ON (see 
Table 3). With the continuous carrier option, the CA-CB 
delay can be either O or 8 rrilliseconds depending on the 
Request-to-send option chosen (see Section 2.4). 

When using the continuous carrier option in any application 
or if the switched carrier option should be used in a 
multiplexing application, it should be noted that operation 
of the Received Line Signal Detector (CF) circuit at the 
receiving data set will not correspond to the presence of 
data messages. With continucus carrier the CF circuits 
of the receiving data set should be ON continuously because 
carrier is being received continuously. With switched carrier 
operation in a multiplex apflication, CF may be ON due to 
a transmission on any one of the active connectors, i.e., 
it does not correspond to the presence of data on individual 
connectors, but rather the presence of valid carrier at 
the receiver. It is advisable, therefore, for data 
terminals using the 209A to format separate data messages 
using control characters at the start and end of messages. 

When using the continuous carrier opticn, disconnection 
of all interface plugs from the data set will not turn the 
transrritter off. Neither will a power failure in the dat~ 
terminal(s), should this occur, causing the interface 
circuit voltages to go to zero potential. Thus, to a far­
end data terrrinal the near-end data set will appear to be 
operational with MARK signals being sent. With switched 
carrier, however, disconnection of the interface connectors 
or a power failure in the data terrrinal(s) causes each 
Request-to-send Circuit to go OFF, thereby turning the 
transmitter off. 

2.4 Switched_or_continuous_Feguest-to-Send Operation 

When the continuous carrier option is selected, the Request­
to-send circuit can be optioned in one of two ways. This 
option is not available wten switched carrier is used. 
With the switched Request-to-send option, the data terrrinal 
on each connector may turn O~ the Request-to-Send (CA) 
circuit and receive an ON condition on the Clear-to-Send 
(CB) circuit delayed by 8 milliseconds. 

If switched Request-to-send control is not required by the 
data terrrinal(s), the Request-to-send circuit on all 
connectors can be held CN permanently within the data set, 
and the Clear-to-send circuit(s) will be kept ON 
continuously except during an automatic retrain (see Section 
1.8). lhis type of operation, called continuous Request­
to-send, eliminates the need for a Request-to-Send driver 
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circuit from the data terrrinal equipment on each of the 
connectors. 

2.5 Elastic_store_c2tion_To_work_Througn 
Digital_Interface_with_Another_Data Set 

An elastic store option is associated separately with each 
of the four interface connectors. The option must be 
enabled (put IN) on those connectors of Data Set 209A which 
interface with lower speed data sets when rrany point or 
one-to-many multiplexing extension service is involved. 
An elastic store must also be enabled if an external timing 
signal is provided by the data terminal on circuit CA of 
connector No. 2, 3, or 4. In all other cases the options 
should be disabled. 

An elastic store must be enatled if the customer anticipates 
alternate use of an extension service and an on-premises 
data terminal on a given connector. In such a case the 
on-premises data terminal must provide a transmit clock 
signal on circuit 24 (CA) of the particular connector which 
is frequency locked to the signal of circuit DB. This 
will substitute for the timing signal frovided by the 
extension data set used in the extension service. 

The elastic store Oftion fer connector No. 1 will disable 
the e~ternal timing option if this Oftion has also been 
installed. Enabling an elastic store option on a particulqr 
connector activates the elastic store buffer on the 
Trans~itted cata circuit of the selected connector so that 
data signals can be properly transferred from the Received 
Data (EB) circuit of the other data set to the Transmitted 
Data (EA) circuit of the 209A. This compensates for any 
timing phase difference between the transmitter timing of 
the 209A and tr.e timing signal provided by the receiver 
of the other data set or data terrrinal on the DA circuit 
of the 209A. No buffer storage is required in the lower 
speed data set. 

2.6 Slaved_Transmitter_Timing_by_Receiver 

The slaved timing option is required in one 209A in many 
point or one-to-many multiplexing configurations involving 
extension service on either data set. This option allows 
the designated slaved 209A transmitter to be timed by its 
receiver timing based on signals from a far-end 209A which 
serves as the master timing source for the system. Typical 
arrangements are shown in Figure 7. The choice of which 
209A will serve as the slaved data set is arbitrary except 
for one consideration exrlained below. 
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If the customer anticipates using a data terminal or 
external test equipment to perform trouble isolation testing 
from one of the 209As in a rrany point or one-to-many 
multiplex configuration with extension service, the 209A 
serving as the master timing source should be located where 
the customer's technical operations personnel will perform 
these tests. This restriction comes about due to the fact 
that phase instability will occur in the slaved 209A if 
the master 209A is put in the digital loopback test mode 
(TEST 5). This will result in invalid test results. 

However, if the digital loopback self test is used instead 
(~EST 2), this restriction dces not ap~ly since the slaved 
timing option is disabled when the s~ switch is depressed. 

With extension service (many point or one-to-many 
multiplexing), the lower speed data sets connected to both 
the master and slaved 209A must derive their transmitter 
timing from their associated 209A, i.e., they must be 
optioned for external transrr.itter timing. Lower speed 
Telephone company provided data sets are connected to the 
209A via a data set interconnecting cord (also called 
"extension service" cord). The remote Telephone Company 
provided data set is provided with a data set - business 
machine multiplexing cord (also called a "timing" cord) 
on its customer interface connector to connect the DCR 
circuit to the DA circuit. see a description of these 
cords in Table 2. These special cords ensure that both 
lower. speed data sets on the extension channel will receive 
the proper timing frequency and be phase-synchronized to 
the clock generated by the master 209A. If customer­
provided data sets are interconnected with the 209A, the 
customer must provide an equivalent "extension service" 
cord to interface his data set with the 209A and a 
functionally equivalent clock looping arrangement 
(equivalent to the "timing" cord) on the remote data set. 

2.7 Data_Set_Ready_Circuit_Oftion for Analog 
LOO£back Testing_by_Data_Terminals 

EIA Standard RS-232-C, which defines operation of the data 
terminal/data set interface, requires the data set to place 
the Data Set Ready (CC) circuit in the OFF condition when 
the data set is in the test rrode or other non-data mode. 
When this occurs the data terminal, ty hardware or software 
design, ignores any signals on all of the other interface 
circuits. If the 209A is placed in the analog loopback 
test mode, the cc circuit(s) will norrrally turn OFF (see 
Sections 3.3.6 and 5.1.2). Since the analog loopback test 
is intended to permit the data terminal to verify 
transrrission through the local data set interface 
connectors, the normal operation of CC will defeat this 
test feature. 
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If the data terminal equipment manufacturer provides the 
hardware and software capability in the terminal to perform 
an analcg loopback test (TEST 4 - see Sections 1.6.1 and 
5.1.2) with the local data set and recommends such a test 
be used to isolate transmission problems with the local 
data set, the data terrr.inal may require the cc circuit to 
be held ON during this test. An option is provided in the 
209A to permit this condition of Data Set Ready (CC). 
Although this option is in conflict with the current RS-
232-C standard, the analog loopback test is among several 
fault isolation tests defined in a recently published 
document by EIA on fault isolation cetween data sets and 
data terrrinals* (see Section 3.3.2, Local Line Test, in 
that document). Without specific knowledge of the test 
capability and requirements of the data terminal, the Data 
Set Ready circuit in AL mode option should be set OFF (CC 
will ce OFF in the analog locfback test mode). This does 
not, however, prohibit the use of external test equipment 
to make an analog loopback test through any of the data 
set interface connectors. 

The Protective Ground (AA) circuits on the interface 
connectors of Data set 209A are established through the 
ground wire of the power cord. This also provides grounding 
of the data set housing and chassis to the local building 
power ground. It is recommended that the data terminal 
equipment be tied to the same building power ground as the 
data set to avoid differences in ground potentials which 
may affect data performance or damage electronic circuitry. 
~he Signal Ground (AB) circuit on each of the interface 
connectors is the common reference potential for all the 
other circuits on the interface. The Protective and signal 
Ground circuits are tied together by means of a strap in 
the data set as provided frorr the factory. This is intended 
tc provide additional margin to longitudinal power line 
noise. The strap may, however, be disconnected at the 
request of the customer with due consideration given to 
possible noise conditions, ground potential differences, 
safety conditions, local electrical codes, and data terminal 
manufacturer recomrrendations. 

----------* "Fault Isolation Methods for Data communications 
Systems," Industrial Electronics Bulletin No. 11, 
NovErnter 1972. Available from Electronic Industries 
Association, 2001 Eye street, N.~., washington, D.c. 
20006. 
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3. CUSTCMER_INTERFACE 

3. 1 Interface_connectors_and s2ecial_Cords 

The interface of Data Set 209A consists of four 25 pin 
(female) connectors numbered 1 to 4 to permit as many as 
four data terrrinal devices to be multiplexed through the 
data set. The choice of 1rul tip lex option will determine 
which interface connectors are used (see section 2. 1). 
In addition to direct connection to data terminal equipment, 
other Telephone company or customer provided data sets may 
be connected to an appropriate 209A interface connector 
if the interface extension service is ordered for one or 
more of the lower speed data streams. The interfaces of 
other Bell system data sets for this extension service are 
described in appropriate Technical Reference documents for 
those sets. Refer to section 7 for the title and document 
ordering numbers for Technical References on Data sets 
201C and 208A. 

The customer must supply the plug and necessary cable to 
connect his data terminal equipment to the 209A. A male 
connector plug such as the DE-19604-432 Plug manufactured 
by cannon* or Cincht is required on the customer provided 
cord. This type of plug provides a reliable, low-resistance 
contact. In addition, a DB-51226-1 Hood manufactured by 
Cinch (or equivalent) is reccmmended to protect the 
connections, anchor the cable to the plug, provide a finger 
grip for easy insertion or removal, and provide a positive 
screw-in locking arrangement to prevent the plug from being 
pulled out inadvertently. 

If lower speed Telephone Company provided data sets are 
used, they will be interccnnected with the 209A using a 
special "extension service" cord provided .ty the Telephone 
company. The remote Bell System data set will be provided 
with a special "timing" cord which provides a female 
connector to interface with data terrrinal equipment. For 
interconnection of customer provided data sets with the 
209A, an equivalent "exteusion service" cord, described 
in Table 2, must be provided by the customer. Also the 
custorrer provided data set at the far-end of the extended 
channel must be configured to loop the receiver timing 
(DD) signal to the external transmit tireing (DA) signal 
in some fashion while also providing the DD circuit to the 

----------* ITT-Cannon Electric, Division of IT&T Corp., 3208 
Humboldt st., Los Angeles, California 90031. 

t Cinch Manufacturing co., 1026 s. Homan Avenue, Chicago, 
Illinois 60624. 
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data terminal equipment. In addition the collocated data 
set must be optioned for external timing. 

J.2 Electrical_Interface_circuit_considerations 

Data Set 209A is equipped to follow the recommendations 
of Electronic Industries Association standard RS-232-C 
with regard to the electrical characteristics of all 
interface circuits on all of the connectors. In addition, 
the peak individual distortion and frequency accuracy of 
the signal element timing circuits on all interface 
cor:nectors are in conformance with EIA Standard RS-334. 

3.2.1 Signal_States_on Active_connectors 

For the Transmitted and Received Data circuits, data signals 
are considered in the MARK condition when the voltage on 
the circuit is more negative than -3 volts with respect 
to Signal Ground, and in the SPACE condition when the 
voltage on the circuit is more positive than +3 volts with 
respect to Signal Ground. When no voltage is applied to 
a ~ransmitted Data circuit, it will be held to the MARK 
condition. 

For all control circuits, the control function is considered 
ON when the voltage on the circuit is more positive than 
+3 volts with respect to Signal Ground, and is considered 
OFF when the voltage on tte circuit is more negative than 
-3 volts with respect to Signal Ground. These signal 
states are surr~arized in the table celow. 

§UIDIDsf~_QfJ}2ts_2ng_~QDt~2l~ircuit 
Interfa~e-~grminolQgY 

Voltage 
Binary State 
Signal Condition 
Control Function 

Negative 
ONE 
MARK 
OFF 

Positive 
ZERO 
SPACE 
ON 

When no voltage is applied to a Request-to-send (CA) circuit, 
it will te held to the OFF state (fail safe). 

3.2.2 Signal states on Circuits_of_Inactive connectors 

When a given connector is not in use by virtue of selecting 
a multiplexing option which excludes it, the circuits on 
the inactive connector(s) may or may not appear functional 
according to the multiplex option chosen. Signal states 
of circuits on any of these inactive connectors are 
summarized below. 



Mux 
QI21i.Qll 

96 

72/24 

48/48 

48/24/24 

4-24 
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Inactive 
connectors 

2,3,4 

3,4 

3, 4 

4 

None 

State of circuits on 
Inactive Connectors 

All circuit drivers held OFF. 
No terminators respond. 

CB,CC,CF,CG,DB,DD active; 
EE=random data; 
BA ignored; CA responsive. 

All circuit drivers held OFF. 
No terminators respond. 

CB,CC,CF,CG,DB,DD active; 
EE=random data; 
BA ignored; CA responsive. 

Not Ap:t;:licable 

With the 72/24 and 48/24/24 rrultiplexing oi;:tions certain 
circuits on inactive connectors appear to be functional. 
~herefore, any data terrrinal left connected to one of these 
connectors should be placed in an out of service mode to 
prevent false operation. If a data ter~inal on an inactive 
connector attempts to send data on circuit BA by turning 
ON circuit CA (CB will respond by turning ON), BA will be 
ignored and will not interfere with transmission on the 
active connectors. In addition, a data terminal on an 
inactive connector will observe random data on its BB 
circuit when the active connectors are operating. If the 
data set is optioned for switched carrier, turning ON 
circuit CA on an inactive connector will turn on the 
transmitter causing the CG and CF circuits of the far-end 
data set to go ON and MARK signals to appear on all active 
Received Data (BB) circuits at the far-end data set. 

With the 96 or 48/48 multiplex options, all circuits on 
inactive connectors will be inoperable. This means no 
circuits will respond to signals from a data terrrinal and 
all driver circuits from the data set will be held in the 
OFF (MARK) state. 

3.3 Interface_Circuit_oi;::eration 

Data Set 209A is provided with 15 interface circuits on 
connector No. 1 for connection to the customer•s data 
terminal equiFment and three additional circuits for 
connection to Telephone Company test equipment. On the 
other three connectors (No. 2 to 4) 6 of these 18 circuits 
de not appear, as shown in Figure 5. The Data set Ready 
(CC), Received Line Signal Detector (CF), and Signal Quality 
Detector (CG) circuits on each active connector are operated 
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in unison. All other data and control interface circuits 
on separate connectors operate independently. A description 
of the operation of each circuit and the signals which 
appear on them follows. Circuit names and the mnemonics 
are in accordance with EIA•Standard RS-232-C, except as 
noted. Circuit numbers correspond to pin assignments on 
each 0£ the 25-pin connectors. Circuits which appear only 
er. connector No. 1 are also noted. 

3.3.1 Frotective_Ground_JAAl_- Circuit_] 

7his conductor is electrically bonded to the equipment 
frame. It is further connected to external grounds through 
the third wire of the power cord. 

3.3.2 Transmitted_Data_JBAl_-_circuit 2 

Direction: ~o Data Set 

signals on this circuit are generated ty the data terrrinal 
equipment and are sent to the data set for transmission 
to Yemote data terrrinal equipment. A positive polarity 
signal is a binary "0" or SPACE, and a negative polarity 
signal is a t:inary 11 111 or MARK. 

The data terminal should not transmit data on this circuit 
unless an ON condition is present on the Clear-to-Send 
(CB) and Data Set Ready (CC) interface circuits from the 

data set. When the continuous Request-to-send option is 
used, the transmitting data terminal equipment may keep 
this circuit in the MARK condition (idle code) when no 
data is to be transmitted. 

At the start of transmission with switched carrier or with 
switched Request-to-send operation, the first bit should 
be presented on this circuit coincident with the first 
positive transition (OFF to ON) of the ~ransmitter Signal 
Element ~irning (DB) signal after Clear-to-Send turns ON. 
The data set will sample the signal state on this circuit 
on the negative transition (CN to OFF) of DB derived either 
from the data set•s internal clock or from the data terminal 
clock on circuit DA if external timing is used. 

3.3.3 Received_Cata_J]Bl_-_Circuit 3 

Direction: FROM Data Set 

Signals on this circuit are generated by the receiving 
data set in response to data signals received from a remote 
transmitting data set. The data terrrinal equipment should 
sample the Received Data signal on the negative transition 
of the Receiver Signal Element Timing (DD) signal. A 
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positive pclarity represents a binary 11011 or SPACE, and 
a negative polarity is a binary 11 111 or MARK. 

This circuit is always held in the MARK ( 11 111) condition 
when the Received Line Signal Detector circuit (CF) is 
oF·F. 

3.3.4 Reguest-to-send_JCAt_-_Circuit_4 

Direction: TO Data Set 

With continuous carrier operation, which is recommended 
for all system configurations, the 209A's transmitter is 
kept on at all times while the data set is powered. some 
data terminal(s) may require that the CA circuit be used 
to control timing functions in the data terminal in which 
the CB circuit must respond to CA (switched Request-to­
send). When so optioned the data set will provide on each 
separate connector a delay at approxirrately 8 milliseconds 
between the ON condition of CA and the ON condition of CB. 
Circuit CE will turn OFF when CA is turned OFF. If the 
data terrrinal does not require switched Request-to-send, 
the customer may specify continuous Request-to-send when 
ordering 209A service. When so optioned the Request-to­
Send logic will be held in the ON condition within the 
data set at all times (for all connectors except during 
automatic retrain sequences) and will not be under the 
control of tne data terminal. 

If the switched carrier opticn is installed, an ON condition 
on the CA circuit will turn en the data set transmitter 
and cause the data set to seed a training sequence in 
preparation for transrr.ission of customer data. After 
turning this circuit ON, the data terrrinal should wait for 
an ON condition on the Clear-to-send (CB) circuit before 
starting transrrission. When the CA circuit is turned OFF 
at the end of a message, the d_ata set transmitter remains 
on about another 3 milliseconds (assuming all CA circuits 
are OFF) to clear the last few data bits from the 
transmitter. Reoperation of circuit CA to the ON condition 
on any connector following its being turned OFF or in a 
multiplex application having one data terminal turn circuit 
CA ON irrmediately or shortly after all CA circuits have 
been CFF, will cause the data set to operate as follows 
(see Table 3 for a summarized explanation}. When any CA 
circuit is turned ON within about 3 milliseconds after all 
CA circuits are OFF, the transmitter is kept on and carrier 
will not be interrupted. As a result,the CF and CG circuits 
at the far-end data set will stay ON and indicate no signal 
interru~tion. The CB circuit on the particular connector 
involved will come CN after an 8 millisecond delay. When 
any CA circuit is turned on within about 3 to 50 
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milliseconds after all CA circuits are OFF, the CB circuit 
for that ccnnector will be delayed in coming ON by a 
variable amount of up to 200 milliseconds. Actually, the 
time between the OFF state of the last CA circuit which 
was ON and the ON condition of the particular CB circuit 
is always about 200 milliseconds. The CF and CG circuits 
of the far-end data set will go OFF momentarily in this 
case. If any CA circuit is turned ON after at least 50 
milliseconds elapses following all CA circuits being turned 
OFF, an ON condition of the CB circuit of that connector 
will be given after a delay cf about 150 milliseconds. 

In summary, when the 209A uses the switched carrier option, 
a data terrrinal may encounter CA-CB delays from 8 to 200 
milliseconds when multiplexing is used or about 150 
to 200 rr.illiseconds when the 96 option is used. In 
addition, there is no assurance in a rnultir,lexing 
application that the CF and CG circuits will turn OFF at 
the far-end data set to indicate the end of a previous 
message since other connectors may be operating. This 
factor should be taken into account in those data terminals 
which mcnitor the CF or CG circuit to detect an end of 
message. 

Also note that if the switched carrier option is installed, 
the CA circuit will go OFF within the data set if the 
connection to the interface connector is broken. With the 
continuous carrier option (regardless of the Request-to­
Send option), the transmitter remains ON (sending steady 
MARK signals) even though the interface connection is 
broken. 

3.3.5 Clear-to-send_JCBl_-_Circuit 5 

Direction: FROM Data Set 

This circuit on any interface connector indicates whether 
or not the data set is ready to accept data on the 
Transmitted Cata (BA) circuit of that connector for 
transrrission to the private line channel. The ON condition 
of a given the clear-to-send circuit means that signals 
presented on the Transmitted Data (BA) circuit of that 
particular connector will be transmitted to the channel. 
~he OFF condition of CB is an indication to the data 
terminal eguir,ment that it should not transfer data on the 
BA circuit. Circuit CB turns ON in response to an ON 
condition on the circuit CA and turns OFF when CA is turned 
OFF. 

In continuous carrier operation (which is recommended for 
all system configurations) with the switched Request-to­
send o~tion installed, the CE circuit of a given active 
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connector turns CN approximately 8 milliseconds after the 
CA circuit on the same connector is turned ON. The 8 
millisecond delay was selected to conform to other Bell 
System synchronous data sets. If the data terminal 
equipment does not require switched Request-to-send control, 
the continuous Request-to-Send option should be specified. 
In this case the CB circuits of all active connectors will 
be keFt ON (except during automatic retraining sequences 
- see Section 1.8) indicating availability of the data set 
to transmit data on those connectors. 

In switched carrier operation, CB is turned ON in response 
to an CN condition of the Request-to-Send (CA) circuit on 
the same ccnnector, delayed ty an interval between 8 and 
200 milliseconds depending on the activity of the CA 
circuits on the other interfaces if rrultiplexing is used 
or between about 150 and 200 milliseconds if multiplexing 
is not used (see Section 3.3.4 and Table 3 for a complete 
explanation of the CA-CB delay). With switched carrier 
operation, any of the Request-to-send circuits on active 
connectors can turn on the data set transmitter to initiate 
the startup sequence prior to data transfer. If another 
data terminal on a different connector turns on Request­
to-Send before this sequence is complete, it will incur 
a shorter CA-CB delay because the training sequence is in 
progress. The delay will always be at least 8 milliseconds. 

3.3.6 Data_Set_Ready~Ct_-~ircuit 6 

Direction: FROM Data Set 

This circuit on each connector indicates the status of the 
local data set as far as readiness to initiate data 
transmission. The signal state of this circuit will be 
present simultaneously on all active connectors (and certain 
inactive ones depending on the multiplex OFtion - see 
Section 3.2.2). The ON condition indicates that the local 
data set is capable of transrritting and receiving data 
signals. However, the ON condition of this circuit alone 
should not be interpreted that the private line channel 
is available or that the remote 209A is ready to receive 
or transmit. This circuit should be ON in addition to the 
Request-to-send (CA) and Clear-to-send (CB) circuits when 
transmitting data. on circuit BA of any of the connectors. 
Circuit cc can be OFF during an analog loopback test (TEST 
4) and still permit circuits CA and CB to be used during 
testing. 

The OFF condition of this circuit indicates that the local 
data set is in a test mode (with the possible exception 
of the cc circuit ON option for analog loopback testing 
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- see Section 2.5) or that the channel is in the talk mode 
(if alternate-voice is used) or the local channel is 

electrically looped back for testing ty the Telephone 
company and is unavailable for use by the customer. 

3.3.7 Signal Ground_jABl_-_circuit_7 

This circuit establishes the common ground reference 
potential for all interface circuits on each connector 
except Protective Ground (AA). This circuit is normally 
connected to the Protective Ground circuit to minimize the 
introduction of longitudinal power line noise into 
electronic circuitry through the power transformer. 
Depending on local procedures and conditio,ns, this 
connection to Protective Ground can be removed by the 
Telephone Company installer (see Section 2.8). 

3.3.8 Received Line_Signal_Detector_Jcrl_=-.c.i~uit 8 

Direction: FROM Data Set 

This circuit operates simultaneously on all active 
connectors when carrier is detected or is lost even though 
only one connector out of several is receiving data. The 
circuit indicates the presence of 9600 bps data carrier 
and not the presence of individual multiplexed data streams. 
CF will be ON continuously if the associated far-end 209A 
data set is optioned for continuous carrier (except during 
automatic retraining intervals or in case of line signal 
dropouts). It will also be CN if the far-end data set is 
optioned for switched carrier when at least one data 
terminal has its CA circuit CN at the far-end data set. 
Consequently, the presence of data on the Received Data 
(BB) circuit of all connectors will not be indicated by 

monitoring the ON condition of CF (except for the 96 option 
with switched carrier where only one data terminal is 
involved). Data terminals should instead use appropriate 
control characters to indicate the beginning and end of 
a message. 

With continuous carrier operation, the CF circuit on all 
active connectors will go OFF only if data carrier signal 
is lost due to a dropout of the line signal exceeding one 
second or other interruption on the channel. There will 
be a lag of about one second between actual carrier loss 
and operation of CF to the OFF condition. The carrier 
loss will initially be indicated when circuit CG goes OFF 
(see Section 3.3.15). During this one second,the Received 

Data circuit(s) will not te clamped to MARK. Instead, the 
Received Data circuit(s) will pass all signals to the data 
terminal equipment(s) that are demodulated in this one­
second interval even though they will not be valid. Also 
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the DD circuit will continue to provide receiver timing 
based on the receiver timing memorized from before the 
dropout. 

In switched carrier operation, the ON condition of this 
circuit appears when valid data carrier signal has been 
received for 140 milliseconds or more. This circuit is 
timed to turn ON on all active connectors approximately 
127 millseconds after the Signal Quality Detector (CG) 
circuit turns ON. The Received Data circuit (BB) on the 
particular connector in use will provide data immediately 
after CF goes ON. Normal levels of message circuit noisew 
impulse noise, and out-of-band signals as prescribed for 
private line channels* will not falsely turn ON this 
circuit. 

With switched carrier operation, the CF circuit will go 
OFF simultaneously on all active connectors at the same 
time that the CG circuits go OFF. This occurs when the 
line signal disappears for more than 20 milliseconds due 
to the end of transmission from the last working data 
terminal or due to a transmission line dropout if one 
should occur during data transfer. The OFF condition of 
CF causes the Received Data (BB) circuit of each active 
connector tote clamped to the MARK condition. It also 
causes the Receiver signal Element Timing (DD) signal to 
te replaced by the Transmitter Signal Element Timing (DB) 
signal and, on connector No. 1 the DCT signal replaces the 
DCR signal. 

Also to be considered when either continuous or switched 
carrier operation is used is that if the an automatic 
retraining sequence occurs in the receiving 209A, CF will 
be turned OFF on all connectors of that 209A for a period 
of at least 200 rrilliseconds until retraining has been 
completed (see Figure 6). During this interval circuit 
BE is held to MARK, the timing signal on DB replaces the 
DD signal on each active connector, and the signal on OCT 
replaces the regular DCR signal on connector No. 1. 

* see Technical Reference "Data communications Using 
Voicetand Private Line Channels" - October, 1973, PUB 
41004. 
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3.3.9 Circuits_9_and_10 (Connector No. 1 only) 

These circuits which appear only on connector No. 1 are 
used for the purpose of testing by Telephone company 
personnel. The data terninal must not connect to them. 

3.3. 10 Egualizer Mode_jQML_ncn-Ell\l_-_Circuit 11 
(Connector No. 1 only) 

Direction: FROM Data Set 

This circuit, appearing only on connector No. 1, is used 
to indicate to the data terminal equipment on that connector 
whether or not the adaptive equalizer in the receiver is 
in need of retraining. QM is normally ON when the equalizer 
is properly adjusted. When operating in the continuous 
carrier mode QM will go OFF if retraining is required, and 
wnen operating in the switched carrier mode QM will go OFF 
if no carrier signal is received for 20 milliseconds. If 
both 209As are operated continuous carrier, QM may go OFF, 
indicating that the adaptive equalizer has requested an 
automatic retrain sequence (see Figure 6) from the far-end 
transmitter. QM in this case will stay OFF for at least 240 
milliseconds. All Received Data (BB) circuits are held to 
MARK for at least 200 milliseconds while circuit CF is OFF 
during the retraining sequence. The only way that data 
terminals on connector No. 2 to 4 will know the retraining 
sequence is occurring is when the CF and CG circuits go OFF 
in the middle of a message. If QM is ON, the equalizer is 
in a trained adaptive mode and data reception will occur since 
circuit CF will also be ON. 

If switched carrier operation is used in both 209As, the 
QM circuit will turn ON at the receiving data set when the 
startup training sequence has been completed and will stay 
ON during the reception of data carrier line signal. QM 
will turn OFF at the end of a message after all the far­
end data terminals turn their CA circuits OFF and line 
signal disappears. If QM should go OFF during data 
transfer, this indicates that the automatic retraining 
sequence has been invoked or that a line dropout has 
occurred. 

3.3.11 Transmitter_signal_Element_Timing JQfil__= 
Circuit_15 

Direction: FROM Data Set 

For internally timed data sets, square-wave signals on 
this circuit of specific connectors at a nominal 9600, 
7200, 4800, or 2400 Hz rate (depending on multiplex option 
selected) are used to provide the data terrrinal equipment 
with signal element timing information for the associated 
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Transmitted Data (BA) circuit. The clock frequencies 
available on each connector, depending on the selected 
multiplex cption, are shown in the table in Section 1.7. 
A clock signal will be present on the DB circuit of each 
connector in use at all times when power is ON in the data 
set. When starting data transfer, the first signal element 
of the 1ransmitted Data (BA) signal should be presented 
by the data terrrinal equifrrent on the first positive {OFF 
to ON) transition of the clock signal DB which occurs after 
the ON condition of the Clear-to-Send (CB) signal. BA is 
sampled by the data set on negative transitions of DB. 

When the 209A is timed externally by data terrrinal equipment 
on connector No. 1 (see Section 2.2), circuit DB on all 
connectors will provide a timing signal at the appropriate 
frequency which is phase-locked to the signal on the 
Transmitter Signal Element 1iming External (DA) circuit 
of connector No. 1. Timing provided on the DA circuit of 
connector No. 1 by the data terminal controls the timing 
of the 209A transmitter in this manner only when the 
external timing option is installed and the elastic store 
associated with connector No. 1 is not installed. When 
the elastic store associated with connector No. 1 is 
installed, the data set autorratically uses internal timing. 

When data terrrinals provide external clocks on circuit DA 
of connectors No. 2 to 4, those signals must be frequency 
locked to the DB signal on those connectors. However, 
they need not be phase locked to the CB signal. 

3.3.12 Divided_Clock_1ransmitter_JDCTL_non-Eifil.__-
Circuit 16 (Connector No. 1 only) 

Direction: FROM Data Set 

This circuit, appearing only on connector No. 1, provides 
a square-wave signal at 2400 Hz whenever power is on in 
the data set regardless of the multiplexing speed option 
selected. This circuit must be used in one-to-many 
multiplexing applications by the master data terminal to 
properly synchronize the 4-bit pattern of multiplexed data 
signals on circuit BA of connector No. 1 operating at 9600 
bps. 1he 4-bit time division multiplexed data pattern 
consists of the separate data streams sent to the remote 
209A which interfaces with the remote data terminals. The 
relationship of this timing signal (DCT) to the Transmitter 
Signal Element Timing (DB) signal on circuit 15 of connector 
No. 1 is shown in Figures 8(a) to 8(d). These figures 
also illustrate the bit pattern relationship at both data 
sets with each of the four multiplex cptions. 
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3.3.13 Receiver_Signal_Element_Iiming_JDDL.::_Circuit 17 

Direction: FROM Data Set 

The square-wave signal on this circuit of a given connector 
appears at one of the norrinal clock rates (9600, 7200, 
4800, or 2400 Hz) depending on the selected multiplexing 
option. It is used to provide the data terminal equipment 
on that connector with receiver timing information for the 
associated Received Data (EB) circqit. For each active 
connector, the signal transition from ON to OFF on this 
circuit norr.inally indicates the center of each signal 
element on the BB circuit of that connector for sampling 
the received data. 

The DD signal is always provided. It is derived from the 
received signal wnen the Received Line Signal Detector (CF) 
circuit is ON. When CF is OFF the signal on circuit DD is 
replaced by that on circuit DB. This may occur during signal 
dropouts or between transmissions if switched carrier is used. 
Thus, a timing waveform will appear on circuit DD as long as 
the data set is powered and the data set is not in digital 
loop0ack test mode. 

3.3.14 Divided Clock __ Receiver_JDCRL_non-Eihl_ 
Circuit_18 (Connector No. 1 only) 

Direction: FROM Data Set 

This circuit, appearing only on connector No. 1, provides 
a square-wave signal at 2400 Hz for multiplexer timing 
information used to synchronize the received time division 
multiplexed 9600 bps data on the Received Data (BB) circuit 
of connector No. 1 in one-to-many multiplexing applications. 
~his signal is provided when circuit CF is ON. When circuit 
CF is OFF, this signal is identical to that on circuit 
DC~. Figures 8(a) to S(d) show the relationship of the 
bit timing signal on this circuit to the timing signal on 
circuit cc of connector No. 1 for demultiplexing data on 
circuit EE of connector No. 1. 

3.3.15 Signal_Quality_Detector_lCGl_-_~ircuit 21 

Direction: FROM Data Set 

This circuit is used to give a carrier present/absent 
indication similar to that on the Received Line Signal 
Detector (CF) circuit but faster responding. Circuit CG 
will go ON simultaneously on each active connector 
approximately 20 rrilliseconds after data carrier signal 
is received by the data set. The CG circuit(s) will go 
OFF on all active connectors if there is a loss of data 
carrier signal for 20 milliseconds or longer. After Signal 
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Quality Detector goes CN, there is a delay of about 127 
milliseconds until all CF circuits go ON on each connector 
in use, indicating that the Received Cata (BB) signal can 
be monitored. Circuit CG will stay ON continuously (except 
during automatic retraining sequences or due to a line 
signal dropout greater than 20 milliseconds) on all active 
connectors when the far-end data set is operated with 
continuous carrier. Data terminals on connector No. 2 to 
4 have no QM circuit to indicate when a retraining sequence 
occurs. Therefore, they could monitor either circuit CF 
or CG to determine when retraining occurs (ie, when these 
circuits go OFF). In switched carrier operation, the CG 
circuit(s) normally goes OFF at the end of data messages 
when all data terrrinals at tte far-end transmitter turn 
their CA circuits OFF. 

3.3.16 Transmitter_Signal_Elernent_1iming_External 
jCAl_-_Circuit_24 

Direction: 10 Data Set 

This circuit is used to provide transmitter timing on 
connector No. 1 when the external timing option is selected. 
It is also used on any of the connectors (No. 1 to 4) when the 
elastic store for ti1e particular connector is enabled to 
permit operation with another data set in many point and 
one-to-many multiplexing extension service configurations. 
Additionally, it is used when the data terminal provides a 
transmit clock on any connector in any system configuration 
if the customer's data terminal is so equipped. The ON to OFF 
transition of signals on this circuit provided by the data 
terminal should nominally indicate the center of each signal 
element on the Transmitted Data (BA) circuit of the same 
connector. 

When the external timing option is installed {see Section 
2.2), the data terrrinal en ccnnector No. 1 must provide 
a timing signal on the DA circuit of connector No. 1 at 
9600, 7200, 4800, or 2400 Hz as appropriate with a frequency 
accuracy of~ .0025 percent, and a peak individual 
distortion on negative transitions of no greate~ than 0.5 
percent per EIA Standard Rs-334. ~he ~ransmitter Signal 
Element Timing (DB) circuits on each connector will be 
phase-locked to this DA signal, as will the Divided Clock 
Transmitter (DCT) signal. Signals should te available on 
the DA circuit of connector No. 1 at all times when external 
timing is used except when the data set is not in service. 

When the elastic store option is enabled on any of the 
connectors for operation with another data set or for data 
terminals to provlde an external clock on DA, the frequency 
of the signal provided on circuit DA must te locked to the 
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timing signal on circuit DB of the same connector although 
the phase may be arbitrary. 

Clock signals provided by a data terminal on the DA circuit 
of connectors No. 2 to 4 are used to clock data into the 
elastic store buffer associated with the connector and do 
not affect the timing of the data set. When the elastic 
store for connector No. 1 is enabled to connect to another 
data set, the external timing option is automatically 
disabled in the 209A (i.e., internal timing is used) and 
the DA circuit serves only tc clock data into the elastic 
store tufter. 

3.3.17 Circuit_25_jnon-EIAl (Connector No. 1 only) 

This circuit, appearing only on connector No. 1, is used 
for testing purposes by Telephone company personnel. The 
data terminal equipment must not connect to it. 

4. OFERATION_WITH_DATA_TER~INAL_~UIFMENT 

4. 1 system_configurations_of_Data_set_209A 

The basic configurations of the 209A, presented in Section 
1.2, are described below. The customer should determine 
from these configurations how his system will be arranged 
and indicate this to the Telephone company when the service 
is ordered. Data set options for the 209A and other Bell 
system data sets (when extension service is used) are 
presented in Figures 4(a) to 4(d). care should be observed 
in distinguishing required options from recommended options 
in these figures. The customer must specify those options 
indicated as required, but need not specify the other 
options which are only recommended if data terminal 
compatibility is affected. 

4.1.1 Foint-to-Point_9600_bQs_Service (Fig. 4(a)) 

In this configuration data is exchanged between two data 
terminals capable of a 9600 rps data transfer rate. rt 
is recommended that both 209A data sets operate with 
continuous carrier. This option permits a short CA-CB 
delay (8 milliseconds or no delay depending on the Request­
to-send option selected). In addition, both data set 
receivers will hold the CF and CG circuits ON continuously 
since a line signal is sent continuously. 

If a polling type line protocol is used by the data terminal 
(this is not to be confused with a multipoint polling 
channel) which requires circuit CF to go ON and OFF in 
response to the presence and absence of data messages, 
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tnen one or both 209A data sets should be optioned for switched 
carrier. The CA-CB delay will be about 150 milliseconds in 
this case. Other data set options are given in Figure 4(a). 

4.1.2 Point-to-Point Multiplexing Service (Fig. 4(b)) 

In this arrangement Data Set 209A provides any one of four 
time division multiplexing combinations: a) one 7200 bps 
and one 2400 bps data channel, b) two 4800 bps data 
channels, c) one 4800 bps and two 2400 bps data channels, 
or d) four 2400 ops data channels. The data terminals must 
be located within 50 feet of the data set at each end of the 
channel. The multiplex selector switch on the 209As may be 
set in any position according to the data rates of the 
connected data terminals. The selector switch can be changed 
on both data sets to reconfigure multiplexing operation as 
desired assuming the data terminals can adapt to different 
data rates or the arrangement involves reconfiguration of 
several data terminals with different fixed data rates. 

As long as both 209As are optioned for continuous carrier 
operation, the separate data terminals may transmit on 
each active connector without timing variability in CA-CB 
delays due to operation on other connectors. Timing 
variability will occur with switched carrier operation as 
descrioed in Section 2.3 and Table 3. In addition, with 
switched carrier the CF circuit operates simultaneously 
on each active connector. Consequently, even if CF goes 
ON it may not indicate that data is available on the 
Received Data (BB) circuit if the indication is due to 
transmission on another interface. As noted earlier 
continuous carrier operation causes the CF circuit of each 
active connector to stay ON at all times since carrier 
will be present on the channel continuously. Therefore 
tne data terminals must be able to note the beginning and 
end of transmission within the line protocol. This will 
assure that the data terminal recognizes the presence of 
data messages without regard to an indication on the CF 
circuit which could be erroneous as discussed above. Other 
data set options for this application are given in Figure 
4(b). These are generally the same as for point-to-point 
9600 bps service except for the multiplexing option. 

4.1.3 Many Point Multiplexing Service (Fig. 4(c))) 

Many point multiplexing service is exactly like point-to­
point multiplexing service except that one or more data 
terminals are farther from the 209A than approximately 50 
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feet. The remotely located data terminals are connected 
to the 209A via a pair of lower speed data sets on a private 
line extension channel. Extension channels may be used 
on as many of the connectors of either 209A as needed. 
The Telephone company will provide data sets operating at 
2400 and 4800 bps for these extension channels (both of 
which must be ordered separately). Extension service at 
7200 bps is generally uneconomical compared to collocating 
the 209A with the 7200 bps data terninal. 

Extension channels may be either point-to-point or 
multipoint private line channels. Point-to-point extension 
channels may be used on one or both 209As on corresponding 
connectors. This will create either a two or three link 
configuration. Multipoint extension channels can only be 
provided on those connectors of a 209A which provide 
extension service to polled stations of a multipoint layout. 
The corresponding connector of the other 209A serving the 
central polling data terninal can have either no extension 
channel or a point-to-point extension channel. The reason 
for this restriction is the use of split bridges in 
multipcint polled systens which do not allow polled stations 
to communicate with each other. As shown in Figure 4(c), 
if a central terminal were on the multipoint circuit in 
place of one of the polled stations, it could not transmit 
to the other polled stations on that.n.ultipoint. 

In arranging a many point multiplexing system, one 209A 
is arranged as a master timing source for the entire system, 
as illustrated in Figure 7. The timing of the other 209A 
and of the data sets on the extension channels are slaved 
to the master 209A. Tte choice of which 209A is to have 
the slaved timing option in this arrangement is basically 
arbitrary although there is a restriction on the use of 
TEST 5 when a data set has tte slaved option (see discussion 
in sections 2.6 and 5.2.3). 

Lower speed Bell System data sets will te connected to the 
209As through a Telephone Ccrri:;any provided "extension 
service" cord which transfers appropriate control, timing, 
and data circuits between the 209A and the other data set 
and causes the lower speed data set transmitter to be timed 
by the master 209A. On the remote lower speed Bell system 
data set which interfaces with the remotely located data 
terminal, a "timing" cord will be provided. This cord 
connects the Divided Clock Receiver (DCR) circuit to the 
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Transmitter Signal Element Timing External (DA) circuit.* 
A many point ffiultiplexing configuration using all Bell 
system data sets and channels will be maintained and tested 
as a system by the Telephone company. 

The customer must specify on which connectors of the 209A 
the elastic store will be installed for use by the 
collocated extension service data set. When installed the 
elastic store buffer perrr.its the transfer of data from the 
Received Data circuit of tte lower speed data set to the 
Transmitted Data circuit of the afpropriate 209A connector. 
customer options for Bell system Data Set 208A (4800 bps) 
and Data Set 201C (2400 bps) are given in Figure 4(c). 

custorrer provided data sets equivalent to Data Sets 208A 
or 201C can be utilized at the discretion of the customer 
on any extension channel. The Bell System's responsibility 
for maintenance and testing of this assembly involving 
customer-providEd data sets terminates at the interface 
connector of the. 209A. The customer must also provide an 
equivalent "extension service" cord in this case (see Table 
2). For the remote custorrer provided data set(s) a 
capability of looping receiver to transrritter timing must 
be provided. This should te functionally equivalent to 
that of Bell system data sets which use the "timing" cord. 
If the customer-provided data set loops the receiver timing 
(DD) signal to the external transmitter timing (DA) signal, 

it should te noted that the DD circuit must also be provided 
to the data terminal with an appropriate EIA compatible 
driver. 

4.1.4 One-to-Man~_MultiQlexing_service_(Fig. 4{d)) 

As noted in Section 1.2, a one-to-many multiplexing 
configuration is similar to point-to-point or many point 
multiplexing arrangements except that the data terminal 
at one 209A location provides the equivalent multiplexing 
function in place of the 209A. This data terrrinal must 
operate at 9600 bps on connector No. 1 of the 209A. The 
9600 cps data stream is sent to the far-end 209A which 
demultiplexes it into two or more lower speed data channels 
for separate data terrrinals. Extension service can also 
be used from the far-end 209A if the data terminals are 
remotely located. An example is shown in Figure 4(d). 

----------* With the "timing" cord the data terminal does not have 
access to either the DCR or DA circuits of the 208A or 
201C data set that is used. Access is provided to the 
DD circuit for receiver timing and the DB circuit for 
transmitter timing. 
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In order for the multiplexing data terrrinal to properly 
synchronize the 4-bit data patterns in the 9600 bps bit 
stream, framing signals are frovided on the DCT and OCR 
circuits on connector No. 1 for the transmitted and received 
multiplexed data, respectively. The relationship of OCT 
and DCR to the 4-bit rrultiplexed data pattern of the lower 
speed data channels on the far-end data set is shown in 
Figures 8(a) to 8(d) for each of the four possible multiplex 
speed OFtions. As seen in Figures 8(a) and 8(c), the 
multiplexed bit ordering at the 9600 bps 209A when the 
72/24 and 48/24/24 multiplex options are used in the far­
end 209A is not simple compared to the 48/48 and 4-24 
options. consequently, these options are not recommended 
for use in this configuration. Customer options for data 
sets in a one-to-many multiplexing configuration with or 
without extension data sets are shown in Figure 4(d). As 
with many point multiplexing if custorr.er-provided data 
sets are used in place of Data sets 208A or 201c, the 
Telephone company is responsible for maintenance and testing 
of the assembly no farther than the 209A interface. 

4.2 Half-Du£lex_or_Du£lex cata'Terrr.inal_Q.12.er,ation 

Data Set 209A can be operated half-duplex or duplex by any 
data terminal directly connected to any of the four 
interfaces or connected via an extension channel. The 
line control protocol of any data terrrinal should not be 
restricted by the 209~ or Bell system extension cata sets. 

For illustrative purposes Figure 9 depicts the operation 
of the interface control circuits of corresponding 
connectors of two 209A data sets involved in half-duplex 
operation. Cuplex operation would be similar to this 
except that transrrission would occur sirrultaneously in 
both directions. 

When one of the four multiplex options is selected, the 
209A will accept separate data streams on certain 
connectors. To assure essentially independent operation 
on each connector, it is recommended that continuous carrier 
rather than switched carrier be used in multiplexing 
configurations. 

As indicated in Section 1.6, Data Set 209A has a built-in 
self test capability which can readily be used by customer 
personnel to isolate transrrission problems to either the 
data set, transrr.ission facilities or data terminal 
eguifrr:ent. The use of the test switches and circuit status 
lamps on the 209A is described in this section. section 
5.1 is devoted to testing procedures fer configurations 
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without extension channels. section 5.2 is devoted to 
testing procedures for configurations with extension 
channels. Under Section 5.1 are three subsections: Section 
5.1.1 deals with procedures for using self test circuitry 
of the 209As; section 5.1.2 indicates how similar tests 
can be made using the data terminal or external test 
equipment to generate and check a test word sent through 
the 209A; and section 5.1.3 indicates the type of remote 
test that a Telephone comrany Test Center will use if it 
is attempting to clear a protlem on the 209A link. Table 
1 provides a summary of the lamp indications and switch 
positions on the 209A for all of the tests in Section 5.1. 

It should be noted that the use of any of the test switches 
on the 209A (except LP) for any of the tests in this section 
will affect all data set interfaces and will interrupt 
normal operation of the data set. 

5.1 Testing_Single_Link_209A_Services 

5. 1. 1 Data_Set_self_Test_Procedures 

~ES~S 1, 2 and 3 described below are three self tests which 
can be conducted by customer personnel to isolate a 
transmission problem to the data set, transmission 
facilities, or data terrrinal equipment. The testing 
arrangements for these tests are depicted in Figures 10(a), 
(b) and (c), repectively. TEST 1 provides a quick test 
of each data set independent of the customer's data terminal 
and the channel. TBSTS 2 and 3 involve testing of the 
transrrission facilities and both the remote and local data 
sets in a looped or an end-to-end test arrangement. If 
TEST 2 or 3 should indicate a failure to reliably transmit 
and receive data, then the data sets or transmission 
facilities are suspect. 

Initially the status lamps on the suspect data set(s) 
should be checked by holding the LP switch depressed to 
see that all lamps are working. Once it is confirmed that 
all lamps are working, the IF switch can be released. If 
the ON lamp should go off at any time, refer to Section 
1.7 fer information about possible causes. 

The data terminal equipment associated with the data set 
under test should be placed in an idle mode so that data 
transrrission is not interrupted during the following tests. 
operations personnel conducting these tests should also 
note that any flashes occurring on the ER lamp at the time 
the test switches are operated should be ignored since 
they may be the result of transient behavior in transferring 
to the self test mode. 
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TEST_1_-_Analog_Loo2back_Self_Test 

Step 1 - Depress the AL switch. The TM lamp should light. 

Step 2 - Depress the ST switch to place the data set in 
self test mode. 

Step 3 - At this point the MR and ER lamps should be off 
and all other lamps should be on. 

Step 4 - If the ER lamp flashes one or more times or remains 
lit or if any of the other lamps do not agree 
with the conditions in step 3, the data set is 
defective. The lamps should be observed for at 
least 30 seconds tc be confident that the data 
set is or is not working. 

Step 5 - To return the data set to normal operation, release 
the ST and AL switches. 

TEST_2_-_Digital_Loo2back_Self_Test 

Either TES'I 5 or TEST 6, described below in sections 5. 1.2 
and 5.1.3, respectively, provides a more complete test 
than TEST 2 for many point multiplexing arrangements slnce 
the self test circuitry in the 209A does not check the 
interface circuits, the phase synchronization, the elastic 
stores, or the timing synchronization as is done in TEST 
5 or 6. TEST 2 should however be sufficient to detect 
most serious faults in the data sets or on the channel. 
When using TEST 2 as described below, it does not matter 
at which data set the signal is looped (i.e., it does not 
matter ~hich is the remote or local data set as designated 
below) • 

Step 1 - After assuring that the AL and ST switches are 
released, depress tl1e DL switch on the • .fil.2..t~ 
data set. The TM lamp should light on that data 
set. 

Step 2 - Cepress the S'I switch on the lO£i:!1 data set to 
place it in the self test mode. 'Ihe TM lamp 
should light on the 1oca1 data set. The test is 
controlled from this data set. 

Step 3 - At this point the MR and ER lamps on the 1.2.£al 
data set should be out and the remaining lamps 
should be lit. On the £§ffiOt§ data set, the lamps 
should be in the same states except it should be 
noted that the ER lamp indicates equalizer retrain 
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periods and not errors. Lamp indications other 
than these denote data set malfunction or 
transmission prob1ems on the channel. 

step 4 - At the !2£al data set the ER lamp will flash if 
errors occur. Five one ffiinute observations should 
be made. If the nurrber of flashes of ER over 
these 5 minutes exceeds 30, the error performance 
objective is not being met by the data sets and 
the channel. 

step 5 - To return to normal operation, release the ST 
switch on the 12£.§! data set and the DL switch 
on the f~illQ~g data set. 

The results of 'IEST 2 combined with those of TEST 1 made 
on both data sets should be sufficient to isolate a trouble 
to the transmission facilities or to one of the data sets. 
~ES'I 3 allows further isclation of the trouble to the 
receive or transmit side of the private line. Problems 
with telephone equipment or facilities should be reported 
to the local 'Ielephone com~any. The Telephone company 
Test center may decide to check the telephone facilities 
and perform a Remote Test of the data set as described in 
Section 5. 1.3. 

TEST 3_-_End-to-End_Self_test 

Step 1 - With an attendant at each station, manually 
establish a voice link between stations by means 
of a separate voice channel. If alternate voice 
service is provided, the private line to be tested 
can serve as the initial voice link as long as 
no voice communication is desired during the test 
interval. 

step 2 - Have the attendants agree on when to start the 
test and when to end it. 

Step 3 - Depress the S'I switch on both data sets. Note 
ttat the data set whose S'I switch is depressed 
first may show error indications until the ST 
switch on the other set is depressed. 

Step 4 - After a few seconds have the attendant at each 
data set check that the MR and ER lamps are out 
and that the rest of of the lamps are lit. Lamp 
indications other than these denote data set 
nalfunction or transmission problems on the 
channel. 
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Step 5 - The ER lamp at each data set will flash if errors 
occur in this self test mode. Five one minute 
ctservations shculd be made. If the number of 
flashes of ER over these 5 minutes exceeds 6 per 
minute on the average, then the receiver, the 
receive half of the private line, or the 
transmitter of the other data set is not providing 
an error rate better than the objective. 

step 6 - To return the data sets to normal operation, 
release the ST switch on each data set to release 
them from the self test mode. 

5.1.2 Test_Frocedures_dsing_the_Data_Terminal 
or_External_~est_EguiQment 

In addition to the self test capability of Data Set 209A, 
it is possible to test the data terrrinal and the data set 
togett.er in an analog loopback mode similar to TEST 1 on 
any active connector, or to have the data terminal test 
both data sets and the transmission facilities together 
in a digital loopback mode similar to TEST 2 above. Testing 
with external test equipment is also possible through any 
active connector of the 209A. As mentioned in Section 
2.7, if the data terminal manufacturer provides the hardware 
and software capability tc allow for sirrultaneous 
transrrission and reception in an analog loopback test 
through the data set interface Qng the data terminal 
requires the Cata Set Ready (CC) circuit to be ON, the cc 
lead should be optioned at initial insta11ation of the 
209A for the ON condition when the AL switch is depressed. 
Then TEST 4, depicted in Figure ll(a), can be made through 
any or all active connectors. 'IES'I 5 does not require 
special optioning of the cc circuit in the data set from 
which the data terminal will run the dlgital loopback test. 
TEST 5 is depicted in Figure 11 (b). 

TEST 4_-_Ana1Qg_Loo2back_Test Using_tb~_Data Terminal 

Step 1 - Depress the AL switch. The TM lamp should light. 

Step 2 - condition the data terminal to sirr.ultaneously 
transmit and receive from the local data set 
through any connector (depending on multiplex 
option). A delay of about 13 rr.illiseconds occurs 
tetween signals on the Transmitted Data circuit 
and the Received Data circuit of any connector 
because of propagation delays in the data set 
circuitry. A steady MARK or SPACE signal is 
sufficient for a test signal since the data set 
has a built-in scrambler circuit to randomize the 
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-data before rrodulation. If errors should occur, 
eitter the data set or data terminal may be in 
trouble. To isolate the problem, an analog 
loopback self test (TEST 1) should be made (if 
not already done) to check the data set by itself. 

Step 3 - 10 return the data set tc normal operation, release 
the AL switch. 

TEST_S_-_Cigital_LOOEback Test_Using_the Data Terminal 
or_Test_EguiEment 

If one of the data sets is using the 72/24 or 48/24/24 
multiplexing option, or if one or more elastic stores are 
being used on either 209A, then the far-end data set must 
be placed in the sarre rrultiplexing mode as the local data 
set for this test. 

Step 1 - After ensuring that the AL and ST switches are 
released, depress the DL switch at the remot~ 
data set. 1he 1M lamp should light. The MR lamp 
should be out. 

Step 2 - Condition the data terminal to simultaneously 
transmit and receive a test signal through any 
connector of the 12£~1 data set in the manner 
described in Step 2 of TEST 4 above. If the 
average block error rate over the test period is 
greater than 1 block error per 100 blocks for 
block lengths of 1000 bits, either the data 
terminal, the transrrission facilities, or one of 
the data sets may be in trouble. Longer or shorter 
block lengths will result in a proportionally 
higher or lower block error rate, respectively. 
Further isolation can be accomplished by performing 
TEST 1, TEST 2, or TEST 3 as described previously. 

Step 3 - 10 return to normal operation, release the DL 
switch on the ~fill2!~ data set. 

The above two tests can also be performed by connecting 
suitable test equipment in place of the data terminal to 
the appropriate connectors of the 209A (depending on the 
multiplex option selected). The same procedures apply 
when using test equipment. 

5.1.3 Tele2hone_Com2any_Remote Test_Procedures 

For the Telephone company to isolate problems on a 209A 
link, a digital loopback test of both 209As can be made 
from the Telephone company Test Center (if available) with 
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the assistance of customer personnel at the data set 
location. The Telerhone Comfany Repair Service should be 
notified of any problems which have been isolated to the 
data set or rrivate line channel. When the Test Center 
calls in response to a trouble report, the customer's 
operations personnel may be requested to assist with the 
test features of the data set. They rray also ask these 
personnel to rrake self tests of the data set. The digital 
loopback remote test arrangement is depicted in Figure 12. 

TEST_6_-_Cigital_IooQback_Remote_Test 

Before initiating this test the data terrrinal should be 
placed in an idle mode. When instructed by the Test Center 
personnel, the ~L switch should be depressed on the data 
set. The TM lamp should light and the MR lamp should be 
out. All other switches should be in their normal out 
position. 

The Test Center will make a series of programmed 
transrrissions with the local data set. After completing 
these test transmissions, the Test center will call the 
customer location and ask that the data set te removed 
from the test mode by releasing the DL switch. Results 
of the test and any further action by the Telephone company 
will be indicated ty Test Center personnel. 

5.2 Testing_of_MultiQlex_Extension_~_ervi~es 

This section covers asfects cf testing of extension service 
configurations by customer personnel. For the customer's 
personnel to proceed with any fault location testing of 
a many point or one-to-many rrultiplexing system with 
extension channels, it should first be deter~ined among 
the individual locations on the system whether the trouble 
is occurring in a few or in all of the: channels. If only 
part of the system is affected, say on one set of extension 
channels, then only that portion of the system need be 
tested using self test circuitry available in Bell system 
data sets (except for 208A-L1, as indicated in section 
5.2.2). The avoidance of placing the 209As in a test mode 
will permit the working extension char.nels to operate 
normally while testing the other extension channels 
separately. If, however, the trouble is ccmmon to all 
extension channels and all data terrrinal equipments 
connected to the system are affected, the entire system 
must te taken out of service and tests of the 209As should 
be made per the procedures in section 5.1.1. Tests should 
also be made on the individual extension channels to verify 
their proper operation. 
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consider for illustrative purposes the testing of the 
system in Figure 13. This figure depicts a many point 
multiplexing system with extension channels from both 
209As. The case of a one-to-many multiplexing extension 
channel system or a many point system with extension 
channels on only one 209A would be similar to the layout 
in Figure 13 except that the extension channels on one 
209A wculd be replaced by one or more collocated data 
terminals. For the many point multiplexing system in 
Figure 13, assume that a problem is noted at data terminal 
#1 (CPE#l) which is ccffimunicating with data terminal #2 
(CPE#2). If the customer can ascertain that CPE#3 and 

CPE#4 are operating properly, then it can be assumed that 
the 209A link is operating properly. The customer at 
Location 1 (CPE#1) or Location 4 (CPE#2) can undertake 
testing on the DS1 to DS2 and DS5 to DS6 extension channel 
links with assistance from other perscnnel at locations 
2, 3, and 4. A process for systematically testing a system 
and determining which link is in trouble is shown in Figure 
14. Test procedures for the indicated loop tests are 
covered in this document and in other data set Technical 
References listed in section 7. Table 4 outlines the 
appropriate testing criteria for use in each case. 

When using the self test feature on Bell System data sets, 
some way of introducing errors into the looped signal is 
desirable to assure circuit continuity on extension channel 
systems. This can be accomplished with LOOP 4 and LOOP 6 
by momentarily depressing and releasing the AL switch on the 
digitally looped data set and monitoring the ER lamp of 
the local data set for an indication of errors during that 
interval. With LOOPS 5 and 7 this can be accomplished by 
momentarily releasing and deEressing the AL switch on the 
appropriate data set. If no errors are indicated when the 
test signal is interrupted at the far data set, one or 
more of the transmission links over which the test is 
conducted are definitely open. If the customer determines 
by using the loop test prescribed in Figure 14 that error 
performance is unsatisfactory on a particular extension 
channel or on the 209A link which is not attributable to 
the data terminal equipments, the Telephone Company repair 
service should be notified. They should be told of the 
suspected channels and data sets involved. The Telephone 
company may ask for assistance with the data set and channel 
tests ty depressing certain test switches on the data sets 
in the system. 

5.2.1 LOO£_Tests_Not_Permitted 

Several loop tests, shown in Figure 13, are not permissible. 
~hese include LOOPS 8, 9, 10, and 11. In addition, analog 
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loopback tests of data sets CS1, DS6, DS7, and DS10 are 
not permissible. Reasons for these restrictions are 
discussed below. 

LOOPS 8 and 9 are not permissible because a digital or 
analog loopback, respectively, of all extension data sets 
attached to the right hand 209A in Figure 13 would be 
necessary to produce valid results. Instead, LOOPS 6 and 
7 should be used since they can be applied from individual 
remote extension data sets {DSl, DS6, DS7, or DS10) on 
either 209A to test each extension service separately. 

With LOOPS 10 and 11 and the analog loopback tests on DS1, 
DS6, DS7, and DS10, tbe restriction applies because the 
remote data sets (CS1, DS6, OS7, and DS10) use the "timing" 
cord which loops receiver tirring circuit DCR to Circuit 
DA (external transmitter timing). Thus, if DS2, DSS, DS8, 
or DS9 are digitally looped as per LOOP 10 or 11, this 
would loop timing signals frcm the respective data sets 
DS1, DS6, DS7, or D810 back to themselves. This creates 
an unbroken timing loop for each pair of data sets (DS1 
to DS2, DS7 to DS8, DSS to DS6, and DS9 to DS10) and results 
in phase instability of the sarrpling clock of the data set 
placed in self test mode. As a result error indications 
will occur as the data sets lose phase integrity when in 
fact the data sets and channel may be working 
satisfactorily. The same problem occurs with analog 
loopback tests (self test or otherwise) of data sets DS1, 
DS6, DS7 and DSl0. For this reason these tests should not 
be made. 

5.2.2 Availability_of_Self_lest_~a2abilities 
in_Data Set_208A 

The system tests described in section 5.2 have assumed 
that self test circuitry is available in each Bell system 
data set in the system. Self test circuitry is available 
in the later version of Cata Set 208A (208A-L1A) as well 
as in Cata set 201C. HOwever, this is not true with Data 
Set 208A-L1 which may be provided when a 4800 bps extension 
channel is ordered. consequently, certain loop tests 
cannot be made such as LCCP 1 and 2. However, at the 
remote extension data sets (CS1, DS6, DS7, and DS10) 
external test equiprr.ent may te attached to the outlier 
cord of the 208A-L1. This will enable the customer to 
perform LOOPS 4, 5, 6, and 7. Such test equipment should 
te able to generate a test pattern and check for block 
errors in the returned received data signal. Criteria for 
acceptable data performance is given in Table 4. 
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5.2.3 Restriction_on_the_Use_of_TEST_5 

When a many point or one-to-many multiplexing configuration 
is used which involves extension channels, one 209A is 
required to be optioned for slaved timing. This leads to 
a restriction on tbe use of TEST 5 frorr that data set. 
If the master 209A were digitally looped per TEST 5 in 
Section 5.1.2, this wculd establish an unbroken timing 
loop involving both the slaved and master 209A. This 
results in phase instacility in the slaved 209A which will 
cause errors to occur in the Received Data (BB) signal 
which are not due to channel impairments or data set 
malfunction. NO restriction applies when using TEST 1, 
2, 3 or 4 in extension configurations because the ST switch 
and the AL s~itch disable the slaved timing option if it 
is installed in the 209A. 

6. PERFORMANCE 

The performance of Data Set 209A is s~ecified in terms of 
block error performance because this measure is more 
meaningful than the conventional bit error rate 
specification for most users. Many data communications 
systems send data in a blocked format and consequently 
block error rate can be related to throughput, an important 
measure of systerr. performance. A "block error" is defined 
as a block of data which contains one or more bit errors. 
A block transmission system generally forms data into 
blocks of a specific nurrber cf bits. This block of data 
usually contains redundant bits for the purpose of error 
detection at the receiving terminal. If one or more bit 
errors are detected in a received block of data, a message 
requesting retransmission of the entire block is returned 
to the source. In this sense, the block error rate is the 
ratio of the number of retransmissions required to the 
total number of blocks received. 

Data Set 209A is designed to operate at 9600 bps over 
4-wire 3002-Type private line channels with D1-type High 
Perforrrance Data conditioning (but no c-type conditioning) 
which will ensure that such channels meet stricter limits 
for signal-to-noise ratio and nonlinear distortion than 
specified for the basic 3002-type private line channels 
alone. Under these circumstances the objective is to 
realize a long-term average block error rate of 10- 2 or 
better for blocks 1000 bits long. The block size selected 
as part of the error performance objective is not meant 
to imply that customer systerrs should employ this size 
block. The block error rate statement applies to a 
continuous stream of data that is divided into blocks of 
1000 bits. On the average, 99 of 100 blocks will be 
delivered error free; the rerrainder may include one or 
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more bit erors. our experience indicates that block error 
rate will te approximately proportional to block size in 
the range from 500 to 10,000 bits. Thus, performance for 
other tlock sizes can be estimated from performance measured 
at the 1000 tit block size. 

The performance objective for Data set 209A applies 
literally to the point-to-pcint operation at 9600 bps, 
illustrated in Figure 4(a). It is also applicable to each 
of the lower rate streams in the point-to-point multiplexing 
configuration, illustrated in Figure 4(b). The many point 
multiplexing configuration, illustrated in Figure 4(c), 
amounts to operating several data services in tandem, and 
the performance objective applies to each data service 
individually. For data that traverses more than one service 
involving Data set 209A and either Data set 208A or 201C 
the 1000 tit block error rate objective is N X 10- 2 where 
N represents the number of Bell systerr. data services 
traversed. It is expected that block error rate will be 
sutstantially better than the objective most of the time. 
For exarrple, experience indicates that the probability of 
meeting 1000 bit block error rate of 10-2 in tandem 
operation of three data services is greater than 95 percent 
and for two data services in tandem is greater than 97.5 
percent. No overall performance objective will be supported 
on those assemblies involving channel extensions provided 
by customer-provided data sets in conjunction with the 
209A. The Bell system•s responsibility for such assemblies 
ends at the interface of the 209A which connects to 
custorrer-provided equipment. 

The one-to-many multiplexing configuration, illustrated 
in Figure 4(d), will be maintained to meet the performance 
objective for each of the lower rates in the same way as 
for the point-to-point multiplexing, illustrated in Figure 
4(b). service in the one-to-many multiplexing configuration 
should be satisfactory when the software multiplexing 
within the data. terminal is equivalent to the hardware 
multiplexing within Data Set 209A. 
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FIGURE 3 

Optional Customer-Specified Features of Data Set 209A 

Ootion Name Choices Section Reference 

96 

Multiplex Option 72/24 
48/4e 2.1 (Under customer control) 4e/24/24 

Lt-c'.Lf 

Transmitter Timing Data Set (internal) 2.2 Providedt Data Terminal (external via connector No. 1) 

Carrier Controlt Continuous Carrier 2.3 Switched Carrier* 

Request-to-Send Controlt Continuous (CB held ON) 2.4 Switched (ems CA-CB delay) 

Elastic Store (one IN (specify connector(s)) 2.5 per connector) OUT (specify connector(s)J 

Slaved Transmitter OUT 2.6 Timingt IN (one 209A only) 

Data Set Ready (CC) t CC OFF when AL switch is deoressed 2.7 condition in AL mode 
CC ON when AL switch is depressed (for use in TEST 4) 

Groundingt 
AA connected to AB (Factorv wired) 2.8 (Protective Ground (AA) to AA disconnected from AB (specify) Signal Ground (AB)) 

* Request-to-Send Control need not be specified when Switched Carrier is selected. 

t Option affects all interfaces. 
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FIGURE 4(a) 

Basic System Configurations and Data Set Options 

Point-to-Point 9600 bps Operation 

9600 9600 -bps 209A 4-Wire Private Line 209A 
bps 

Conn. 1 - Conn. 1 -

Data Set 209A Options 

Select Select 

96 Multiplex Option 96 

Internal Transmitter Timing Internal 

Continuous Carrier Control Continuous 

per CPEt Request-to-Send Control per CPEt 

All Out* Elastic Stores All Out* 

Out* Slaved Timing Out* 

per CPEt Data Set Re~dy condition per CPE t 

in AL mode 

per CPE or t Grounding 
per CPE or t local practice local practice 

* Required option. 

tSee Figure 3 for possible choices. 

Legend: CPE ~ Customer Provided Equipment 

CPE 



FIGURE 4(b) 

Basic System Configurations and Data Set Options 

Point-to-Point Multiplexing 

CPE CPE 

Conn. lJ 209A I :_ 1209 A fConn. 1 
,__ __ Conn. 2 (72/24) 4-Wire Pr,!.va te Line (72/24)lgonn. 2,__ _ ___, 

CPE 2400 bps 

Select 

* 72/24, 48/48 
48/24/24 or 4~24 

Internal 

Continuous 

oer CPEs t 

All out"' 

Outf 

per CPEst 

per CPEs or 
local 2racticet 

;=Required option. 
* 

2400 bps 

Data Set 209A Options 

Select 

* 48/48 Multiplex Option 72/24, 
48/24/24. or 4-24 

Transmitter Timing Internal 

Carrier Control Continuous 

Request-to-Send Control oer CPEs t 

Elastic Stores All Outf 

Slaved Timing Out,= 

Data Set Ready condition per CPEs t 

in AL mode 

Grounding per CPEs or 
local 2racticet 

The multiplex opti0n must be the same for both data sets. 
~ 
1 See Figure 3 for possible choices. 

Legend: CPE = Customer Provided Equipment. 

CPE 



CPE 

(Rem 
Se 

ote) 
ect 

~l Extern 

Cantin 

0 or 8 
perCPE,E-

Ll.OUS ** 
ms .,.. 

ed Provid 

Not Us 

CC ON 
per CPEl< 

ed§ 

· CC OFF 

per CPE or 
local practice* 

(Remote) 
Select 

External§ 

Continuous 

0 or 7 ms 
per CP~ 

Not Used§ 

per GPE or 
local practice* 

Remote Collocated 

4800 
bps 208A 4-Wire Private Line 208A 

(201C) (201C) 

(Refer to options below) ( 

Data Set 208A Options on 
Pt-to-Pt Extension Channel 
Transmitter Timing 

Carrier Control 

Request-to-Send Operation 

One Second Holdover 

New Sync 

condition 
in AL test mode 

Grounding 

Data Set 201C Options on 
Pt-to-Pt Extension Channel 
Transmitter Timing 

Carrier Control 

Request to Send 
Clear-to-Send Delay 
New Sync 

Grounding 

( 

CPE 

(Collocated) 
Select 

External 

Switched§ 

Not Applicable 

Provided** 

Not Used§ 

AL test mode§ 
AA connected 
to AB§ 

(Collocated) 
Select 

External§ 

Switched§ 

7 ms§ 
Not Used§ 

AA coriected 
to AB· 

FIGURE 4(c) 
Ba.sic System Configurations and Data Set Options 

Many Point Multiplexing (with point-to-point Collocated Remote 
or multipoint extension channel) 

- 48oo 
208A 208A bps 

' (201C) 
4-Wire Private Line 

(201C) CPE 

l (Refer to options on left side of page) 
209A 4-Wire Private Line --~-209A 2 4-Wire Multipoint Private Line 

(Refer to options below) 
Collocated 

bps 
208A 

(201C) 

Select 
Any but 96 ( 48/48 
for example shown) 
Internal§ 
Continuous§ 

Continuous 
IN Conn. l 
OUT Conn. 2-4 
(for example shown)§ 

(IN2§ 
per CPE at 
polling central 
( for example shown)t 
AA connected 
to AB§ 

Data Set 209A Options 

Multiplex Option 

Transmitter Timing 
carrier Control 

Request-to-Send Control 

Elastic Stores 

t Slaved Timillg_ 

Data Set R?;a<!ey' condi­
tion in AL test mode 

Grounding 

'-... 

I Select 
y but 96 (48/48 

for example shown) 
Internal§ 
Continuous· 

Continuous§ 
IN Conn. l & 2 
OUT Conn. 3 & 4 
( for example shown)§ 
I 
( OUT)§ 

CC OFF in 
AL test mode§ ----

connected 
to AB 

*See Technical References on Data Sets 208A or 201C 
for explanation". 

tSee Figure 3 for possible choices. 
iSlave timing option must be in one 209A or the other 

but not both. Selection of slaved 209A is arbitrary 
except for testing situations involving TEST 5. 
(See Sections 2.6 and 5.1.2). 

§?.equired option. 

**When Continuous Carrier Control is selected the 
One Second H.oldover llIUSt be provided and when 
Switched Carrier Control is selected the One 
Second Holdover llIUSt be OUT. 

Legend: CPE = Customer Provided Equipment. 

(Collocated) 
Select 

External'v 
Switched§ 
Not Applicable 

Not Provided'/ 
Not Used§ 
CC OFF in 
AL test mode§ 

AA connected 
to AB§ 

(Collocated) 
Select 

External§ 

Switched§ 

7 ms§ 

Not UsedS> 
AA connected 
to AB§ 

4800 
bps 

4800 
bps 

emote 
48oo 

208A bps 
(201C) 

Data Set 208A 
Options on Multipoint 

Extension Channel 
Transmitter Timing 
Carrier Control 
Request-to-Send 
Operation 
One Second Holdo,er 
New Sync 
Data Set Ready 
condition in AL 
test mode 

Grounding 

! Data Set 201C 
Options on Multipoint 

Extension Channel 
Transmitter Timing 
Carrier Control 
Request-to-Send 
Clear-to-Send Delay 
New Sync 
Grounding 

CPE 

CPE 

CPE 

(Remote) 
Select 

External~ 
Switched'? 

Polled 
Stations 

Not Applicable 

Provided) 
Not Usedr--
CC ON or CC OFF 
per CPE* 

per CPE or 
local practice* 

(Remote) 
Select 

External§ 
Switched§ 

7 ms§ 

Not Used'/ 
per CPE or 
local practice* 



9600 
bps 

CPE Conn. l 209A 

( Central) 
Select Data Set 209A Options 

96§ Multiplex Option 
Internal~ Transmitter Timing 
Continuous Carrier Control 
per CPFJT Request-to-Send Control 

All OUT§ Elastic Stores 

OUT§ Slaved Timing 

per CPEf Data Set Ready condition 
in AL test mode 

per CPE or Grounding 
local practice1 

FIGURE 4(d) 

Basic System Configurations and Data Set Options 
One-to-Many Multiplexing (with or without an extension channel) 

Collocated 

208A 

/ (201C) 

V 
4-Wire Private Line 209A 

Conn. l 
Conn. 2 -

" B 
( Remote) 
Select 

Any multiplex optionT 
:!"~i;erna.J. _lr';q;:::r~a wnen =~e~sion cnanne" 

Continuous§ 
Continuous with exten. channel 
(Cont. or Swit. without exten. channel) 
IN · Conn. l 
~UT Conn. 2-4 § 
( for example shown) 
IN (with ext. channel)~ 
OUT (without ext. channel)§ 
CC OFF in AL test mode 

per CPE or local practicet (without. ext. 
channel 
AA conne<!'ted to AB (with ext. channel)§ 

§Required option. Assume customer will 
control maintenance actions from here. 

*See Technical References on Data sets 
208A and 201C for explanation. 

tsee Figure 3 for possible choices. 
fThe 72/24 and 48/24/24 options are not 

recommended (See Sections 1.2 and 4.1.4). 
**When Continuous Carrier Control is 

selected the One· Second Holdover optio~ 
must be provided and when Switched 
Carrier Control is selected the One 
Second Holdover must be OUT. 

Legend: CPE = Customer Provided Equipment. 

Remote 

208A 
48oo 
bps 

4-Wire Private Line (201C) CPE 

When a point-to-point extension channel is used, optio ns must be selected in 
the collocated and remote da~a set (either 2o8A or 201 ~-

(Collocated) 
Select 

External. 
Switched§ 
Not applicable 

Provided** 

Not Used§ 

CC OFF in 
AL test mode§ 
AA connected 
to AB§ 

(Collocated) 
Select 

External§ 

Switched§ 

7 ms§ 

Not Used§ 
AA connected 
to AB§ 

I ~- I Data Set 208Ji Options 
on Pt-to-Pt Extension Channel 
Transmitter Timing 
Carrier Control 
Request-to-Send Operation 

One Second Holdover 

New Sync 

Data Set Ready (CC) condition 
in AL test mode 
Grounding 

Data Set 201C Options 
on Pt-to-Pt Extension Channel 
Transmitter Timing 

Carrier Control 

Request-to-Send 
Clear-to-Send Delay 
New Sync 

GrounC.ing 

(F 
s 
:emote) 
elect 

External~ 

Continuous ** 
0 or 8 ms 
_E_er CPEM-
Provided 

Not Used§ 

CC ON or CC OFF 
per CPE't 
per CPE or 
local practice* 

(Remote) 
Select 

External§ 

Continuous 

0 or 7 ms 
per CPEM-
Not Used§ 
per CPE or 
local practice* 

When a multipoint extension channel is used, refer to 
Figure 4(c) for data set options. 



FIGURE 5 
Pin Assignments on Customer Interface Connector(s) 

Pin No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12-14 
15 
16 

17 
18 

19-20 
21 

22-23 
24 
25 

EIA RS-232-C Nomenclature 

Protective Ground (AA) 
Transmitted Data (BA) 
Received Data (BB) 
Request-to-Send (CA) 
Clear-to-Send (CB) 
Data Set Ready (CC) 
Signal Ground (AB) 
Received Line Signal Detector (CF) 
Reserved for Data Set Testing (Connector No. 1 only) 
Reserved for Data Set Testing (Connector No. 1 only) 
Equalizer Mode (QM, non-EIA, Connector No. 1 only) 
Not Used 
Transmitter Signal Element Timing (DB) 
Divided Clock Transmitter (DCT, non-EIA, Connector 

No. 1 only) 
Receiver Signal Element Timing (DD) 
Divided Clock Receiver (DCR, non-EIA, Connector No. 1 

only) 
Not Used 
Signal Quality Detector (CG) 
Not Used 
Transmitter Signal Element Timing External (DA) 
Reserved for Data Set Testing (non-EIA, Connector 

No. 1 only) 



FIGURE 6 

INTERFACE OPE!RATION DURINC AN AUTOMATIC RETRAININC SOOUENCE 

Data Set #1 

CA=ON, BA=data 

CB,CC,CF,CG,QM*=ON 
BB=data 

QM*=OFF,CB=OFF 

(Applies to all connectors) 

Transmission Signal 
Condition 

Customer 
data Customer 

data 

Equalizer in DS #1 
becomes misadjusted 

_ CA disabled, BA ignored L\S #1 sends carrier 
CF,CG=OFF, 20 ms for 67±5 ms 
after loss of signal earrier off 
BB cl ampe a. to MARK 4--~i--+--( s_i_· l_e_n_t_)_f_o_r_50_m_s __ -t--1 

-BA:- CA enabledt- - -
CB=ON if CA is ON 
CG=ON about 20 ms- ___ _, 
after start-up signal 
is detected 

QM*, CF=ON about 
127 ms after CG 
goes ON, BB unclamped 

DS #2 sends 
training sequenc 
for 150 ms 

Customer 
data 

Customer 
data 

Data Set #2 

CA=ON, BA=data 

CB,CC,CF,CG,QM*=ON 
BB=data 

CB=OFF about 35±5 ms 
after detecting carrier, 
CA disabled, BA,_ ignorea. 1 

Xmi t turns off .T 

CA enabled, Xmit turns 
on and a training 
sequence is initiated. 
BA still ignored. CA 
is assumed to be ON 
at this time. 

CB=ON, 
BA enabled 

NOTE: This illustration assumes no propagation delay in the channel. 

Summary 

*The 

Data Set #1 
Circuits turned 
OFF or disabled 

CA disabled 
CB OFF 
CF OFF 
CG OFF 
QM* OFF 

Duration 

67±5 ms 
67±5 ms 

180±5 ms 
53±5 ms 

24o±5 ms+ 
round trip delay 

BA disabled 67±5 ms 

QM circuit appears only on connector No. 
on each connector. 

1. 

Data Set #2 
Circuits turned 
OFF or disabled 

CA disabled 
.CB OFF 
BA disabled 

Duration 

50 ms 
200 ms 
200 ms 

All other circuits described appear 

t If the data sets are optioned for switched carrier and the CPE turns CA OFF after CB is 
turned OFF by the data sets, the transmitter will turn off at this point. Then 
it is up to the data terminals to reinitiate operation in each direction by 
turning their CA circuits ON again. 



FIGURE 7 
Timing Synchronization Arrangements for Extension Service Configurations 

201C orl I 201C or 
Many Point Multiplexing 

Extension Service 201C or,__ _____ 201C or 

208A • 208A 
Ext. Ext. 

Timing 1----------~ Timing 
MASTER 

Timing 
Cords 

209A 
Int. 

Extension 
Service 

Cords Timing 

201C or 1-------------1 
208A 
Ext. 

T_imin, • t-------------; Timin 

One-to-Many Multiplexing 
Extension Service 

MASTER 

209A 
Int. 

Timing 

NOTE: Arrows indicate the direction of 
system timing signals from master 
209A timing source. 

-
SLAVE/; 
209A 

Slave+ 
Int. 
Timing 

" 

208A • 208A 
Ext. Ext. 

Timing 1-------1 Timing 

Extension 
Service 

Cords 

Timing 
Cords 

201C or 1-------~ 201C or 
208A • 208A 
Ext. Ext. 

Timing ------~ Timing 

201C orl 1201C or 
208A ------► 208A Ext. Ext. 

Timing ------------Timing 

Extension Timing 
lave+ ~ Service Cords 

Int. / Cords 
iming 

" 
201C or' 1201C or 

208A • 208A 

Ext. ~-----------4 Ext. Timing Timirig 



Connector 
No, 1 

Connector 
No, 1 

Connector 
No, 2 

Connector 
No, 1 

Connector 
No, 2 

Connector 
No, 1 

FIGURE 8 (a) 

Timing Diagram for One-to-Many Multiplexing 

96 to 72/24 

Transmit order at the master 2O9A with the 96 option: I OCT _J I ,-
n_n__r DB 

BA Al A2 A3 A4 A5 A6 I A7 I A8 IA9 

Resulting receive order at far-end 2O9A with the 72/24 option: 

I OCR _J 
DD 

BB I A3 A4 Al A7 A8 A5 I All 

rD _J 
A6 BB A2 

Transmit order at the far-end 2O9A with the 72/24 option: 

tT I 
DB 

BA I Al A2 A3 A4 A5 A6 lAi 
< DB _J r 
t BA I B3 I Bl B2 

Resulting receive order at master 2O9A with the 96 option: 

DCR I 
DD 

BB A3 B2 Al A2 A6 B3 A4 A5 IA9 ( See Note) 

NOTE: See attached sheet. 



Figure 8(a) 

Note: The 209A with the 72/24 option processes the data 
on the BA circuits of connector Nos. 1 and 2 by 
delaying the 7200 bps channel (A bits) with respect 
to the 2400 bps channel (B bits) by one symbol 
interval (one cycle of DCT). Consequently, the 
data appearing on the BB circuit of connector No. 1 
of the 209A with the 96 option is such that the Bl 
bit occurs in the previous cycle of DCR with the 
three previous bits of the 7200 bps channel (A bits: 
A-2, A-1, and AO). 



Connector 
No, 1 

Connector 
No. 1 

Connector 
No, 2 

Connector 
No, 1 

:OCT 

DB 

BA 

FIGURE 8 (b) 

Timing Diagram for One-to-Many Multiplexing 

96 to 48/48 
Transmit order at the master 209A with the 96 option: 

L____J 

Al A2 A3 A4 A5 A6 A7 A8 I A9 

Resulting receive order at far-end 209A with the 48/48 option: 

I ::R j .___=:i-
BB ===1 ==A=l========A=3========A=5========A=7====i = 
I: -_J-;--A2 _____ A_4_-,- __ A_6 _____ A:::-8_-_-J __ i_ 

Transmit order at the far-end 209A with the 48/48 option: 

._---Jl-
r­
I l

:T j 
BA ==!"""I.__-_ --A=l========A2=========A-3_ -_ -_ -""""'..--'---_ -_ --A=4====i =-­

Connector I DBAB 
No. 2 _J ~' 

Bl B2 B3 B4 

Resulting receive order at master 209A with the 96 option: 

I 
DCR _J I 

Connector n 17 n I 
No. 1 DD _____ _! LJ __J LJ 

BB ' I Al I Bl I A2 I B2 A3 B3 A4 B4 



Connector 
No, 1 

Connect.or 
No. 1 

Connector 
No, 2 

Connector 
No, 3 

Connector 
No, 1 

Connector 
No, 2 

Connector 
No. 3 

FIGURE 8 ( c) 

Timing Diagram for One-to-Many Multiplexing 

96 to 48/24/24 
Transmit order at the master 209A with the 96 option: 

!:T ~ Al 
A2 A3 A4 A5 A6 A7 A8 I A9 

Resulting receive order at far-end 209A with the 48/24/24 option: 

! DCR _j I 
DD _J i 
BB I A4 Al A8 I A5 I Al2 

rD 

_J l_____J 
BB I A2 A6 I AlO 

I DD 
_J I 

I BB A3 A7 . I All 

Transmit order at the far-end 209A with the 48/24/24 option: 

) DCT _J 
,-

DB _J I 
BA I Al A2 A3 Al+ I A5 

1: _J I 
I Bl B2 I B3 

I 
DB _J ' l BA Cl C2 I C3 

Resulting receive order at master 209A with the 96 option: 

WR_J '~--~ 
Connector n n I 

No. 1 DD _J LJ LJ 

BB 

NOTE: See attached Sheet. 



Figure 8(c) 

Note: The 209A with the 48/24/24 option processes the data 
on the BA circuits of connector Nos. 1 and 2 by 
delaying the 4800 bps channel (A bits) with respect 
to the two 2400 bps data channels (B bits and C bits) 
by one symbol interval (one cycle of DCT). Consequently, 
the data appearing on the BB circuit of connector 
No. 1 of the 209A with the 96 option is such that the 
Bl and Cl bits occur in the previous cycle of DCR with 
the two previous bits of the 4800 bps channel 
(A bits: A-1 and AO). 



Connector 
No. 1 

Conn. No. 

Conn. 
Nos. 1-4 

Conn. No. 

Conn. No, 

Conn. No, 

Conn. No. 

Conn. No, 
Conn. 
Nos. 1-4 

Conn. No. 

Conn. No. 

Conn. No, 

Conn. No, 

Connector 
No. 1 

FIGURE 8 (d) 

Timing Diagram for One-to-Many Multiplexing 

96 to 4-24 
Transmit order at the master 209A with the 96 option: 

I
OCT_J I I -
DB 

BA Al A2 A3 A4 A5 A6 A7 A8 A9 

Resulting receive order at far-end 209A with the 4-24 option: 

1 DCR _J I 
DD _J I 

1 BB Al A5 I 
2 BB A2 A6 I 
3 BB A3 A7 I 
4 BB A4 A8 I 

Transmit order at the far-end 209A with the 4-24 option: 

I I 1 DCT _J 

DB _J I 
1 BA I Al A2 A3 

2 BA I Bl B2 B3 

3 BA I Cl C2 C3 

4 BA I Dl D2 D3 

Resulting receive order at the master 209A with the 96 option: 

I 
DCR_j 

i-

_J u-DD 

I I -
BB Al Bl Cl Dl A2 B2 C2 D2 A3 



FIGURE 9 

Half-Duplex Interface Circuit Operation 
(Illustrative example - see Notes below) 

Data Set A Data Set B 

Interface Circuits Interface Circuits 
on Connector No. X on Connector No. X 

Initial Condition Initial Condition 
CA) CB= OFF CA) CB= OFF 
cc) CF) CG= ON cc) CF) CG = ON 
BA = MARK BA= MARK 
BB= MARK BB= MARK 
DB) DD running DB) DD running 

' i 

I I CA = ON 

♦ 
CB= ON 8 ms after 
CA goes ON, 

• . 
Data sent on BA start- BB provides received 
ing on first?ositive Data sent from 

------data to terminal transition o DB A to B 
following CB= ON . equipment. 

• ' BA = sends EOT, Then EOT sent followed 
CA= OFF. Then CB = by MARK from A to - BB= receives EOT. 
OFF. - B, Then BB= MARK, 

• I CA= ON I 
• CB= ON 8 ms after CA 

goes ON. 

" " l 
BB provides received Data sent from Data sent on BA start-

~ 
ing on first positive 

data to terminal - B to A - transition of DB 
equipment. following CB = ON . 

• • • 
BB= receives EOT, EOT sent followed BA= sends E0r, Then 
Then BB= MARK. by MARK from B to CA= OFF, Then CB= 

A. OFF. 

t ♦ ♦ 
Note 1: This diagram applies to operation on any given connector with the 

associated connector of the far-end data set for a point-to-point 
configuration. 

Note 2: Operation in either direction of transmission can occur simultaneously on 
each associated connector of each 209A independent of that on other con­
nectors when continuous carrier is used in both data sets. 

Note 3: This illustrative example assumes continuous carrier is used in both data 
sets. As a result circuits CF and CG are always ON. Only in case of a 
line signal interruption or during automatic retraining will they go OFF, 
It is imperative that an end of transmission code be used to signal to 
the other terminal that all data has ended rather than waiting for circuit 
CF to go OFF. 

Note 4: Switched request-to-send operation is assumed in this example. 
If continuous request-to-send operation is selected, all references to 
the CA and CB circuits can be omitted and CB will be ON at all times. 



Transmitted 
Data (BA) 

Data Set Ready 
( cc) OFF 

ER LAMP 

Received Data 
(BB) 

Local 

FIGURE lO 

Self Test Arraugements 
of Data Set 2O9A 

( a) Analog Loopba..:!k Self Test 

Test 1 

Data Set 2O9A 

TEST AL 
WORD 
GEN. 

TEST ST 
AL i, 

REC. WORD 
COMPAR. ALI 

I 

(b) DigitaJ. Loopback Self Test 
Test 2 

I 
I 

i 

Data Set 2O9A R o~e D ta ~e~ 209A em a ;:, -

BA 

I 

CC = OFF I .. 
ER LAMP (: --

BB -

BA -

CC= OFF ... 
ER LAMP E -

BB --

X 

--TEST ST 
WORD • . .1 - TRANS. ,., 
GEN. 

TEST ST 
WORD ,., - REC. 

COMPAR. " 

(c) 

4-WIRE 
PRIVATE LINE 

CHANNEL 

End-to-End Self Test 
Test 3 

REC. 

i 
I 
I 

I TRANS. 
1 

DL 
I 
I 

DL, ~} 
I 

DL 

Data Set 2O9A Data Set 2O9A 

--
TEST ST TEST 
WORD • .I - TRANS. RECo · . .I WORD = ~-- -
GEN. 4-WIRE sT COMPAR. 

PRIVATE LINE 
CHANNEL 

TEST ST ! 
TEST 

WORD ,., - REC. TRANS. V WORD ,... - - sT COMPAR. ! GEN. 
j -.. 

~ Normally closed (open when switch is operated) 

= Normally open (closed when switch is operated) 

--
C 

BB 

C= 
OFF i,-.1 

- BA 

-- BB 

ER 
LAMP e) 

i,.. 
OFF 

BA 
I 



i 
I 
I 

FIGURE 11 

Tests made by the Data Terminal or External 
Test Equipment Through the Data Set 2O9A Interface 

(a) Analog Loopback Test 
Test 4 

Data Terminal Local Data Set 2O9A 

(Should control 
data, set on any 
connector depend­
ing on multiplex 
optiono Terminal 
should verify 
transmission in a 
duplex mode) 

rransmi tted 
, Data (BA) 

l -

Received 
Data (bi:,) 

Data Set 
Ready 

t4-- (CC) .....,, 

'IRANSMITTE1 

1-L 

RK:EIVER 

~ . 
'I ) 
I' 

I 

lL i 

,-- ________ __,may be ON ._' ________________ ____ 

Data Terminal 

(Should control 
data set on any 
connector depend BA -ing on multiplex 
option. Terminal 
should verify 
transmission in BB 
a duplex mode ) . 

CC=ON' 

I -

or OFF 
depending on 
customer option 

(b) Digital Loopback Test 
Test 5 

( See Note below) 

Local 
rata Set 2O9A 

1RANSV1ITTEr 
4-WIRE 

PRIVATE LINE 
CHANNEL 

RECEIVER 

-

Rerr.ote 
Data Set 2O9A 

! 
i 

RE::EIVER I 
I 
: 

D1) 

I I 
['RANSMITTE1 

= Normally closed ( open when switch is operated) 

X = Normally open (closed when switch is operated) 

Note: Test 5 cannot be made if the local 2O9A has the 
slaved timing option installed. 

DL 
I 
I 

t) 
I 

DL 

~ cc 
I 

-

I 

BB 

=OFF 

BA 



DL 
BA - ' I 

CC :a:: OFF .... \' 
BB - ' - DL 

Data Set 209A 
Under Test 

II'RANSMITT.,_,~ 

i,DL 
" 

RECEIVER 

l?IGURE 12 

Telephone Company Remote Test 
of I:Bta Set 209A 

Test 6 

Telephone Company Test Center 

' • 
- - - -

Data Set 209A 
at Test Center 

I 

I TelCo test e~uip-

I 

··~ RECErvm I ment used to 
BB _.., control data set 

4-WIRE 
. 

I and verify 
PRIVA'J'"R T.TNE reception 

FACILITY TO TEST I ~CC:a::O~ of looped back 
CENTER signal. 

- I TRANSMITT,:;,i _ BA - -
I 
I 

7 

L-------------~ 

:a:: Normally closed (ope~ when switch is operated) 

~ :a:: Normally open (closed when switch is operated) 



FIGURE 13 

Permissible and Prohibited Signal Lof;ping Tests for Use in 

Extension Service System Testing 

Location 1 Location 2 Location 3 Location 4 

Location 5 
4 

I PEllMISSIBLE I 
I (Note 2) I 

~-
I 

LOOP 1 LOOP 3a ®} LOOP 2 

ST 
~ 2O8A 2O8A-LlA I 2O8A 

(2O1C) (2O1C j2O9A I (Note 3) (2O1C) @ 
R I MC 

@ Loop 3b 
ER 

~~ ~) i 
_____________________________________ l 

(2O1C) (N~TE 4) LOOP 4 (2O1C) @ 

MC)"" 

Test loops such as 
Loops 4 to 7 can 
also be made from 

I 

T r----------------------.,.1 data sets at Location~ 
4 and 6. 208A-LlA (NOTE 4) 

(2O1C) LOOP 6 
2O9A @ 

(Note 3) 
(Mc)--------------------~ 

T)--------------.... 
2O8A-LlA ( NOTE 4) 

(2O1C) LOOP 7 
R Note r.c)------------'-".C....::.::C......CC/ NOT PERMISSIBLE (See Section 5.2.1) 

(Note: Analog loopback tests of DSl, DS6, DS7, and DSlO are prohibited,) 

Q Refers to the test switch which 
is depressed on the indicated 
data set. ~ ER "' x: 

I 

I 

208A ) 
(2O1C) @ 

0 Refers to the status lamp which 
indicates data errors when the 
data set is in the self test 
mode. 
209A: ER 
2O8A-LlA: 
2O1C: MC 

I 
"}---~~~c....,.L:.__ __ ~I 

ER 

2O8A 
(2O1C) 

NOTE 1: Coordination of testing will be required between 
locations under control of the customer's person­
nel. A designated control location should be used. 

NOTE 2: Analog loopback self tests of data sets DS2, DS3, 
DS4, DS~, DS8, and D89 are permissible. 

2O8A 
(2O1C) ® 

2O8A 
( 2O1c) 

NOTE 3: Any tests using the ST, AL, or DL switches on the 
2O9As will affect operation on all connectors and 
will interrupt normal data transmission through 
the 2O9A link in the system, 

NOTE 4: The 2O8A-Ll data set has no self test capability. 
If this data set is used, external test equipment 
must be plugged into the outlier co:,,d. of that 
data set to generate test patterns and to check for 
errors, 



* 

FIGURE 14 

Procedures to Systematically Isolate Problems 
on Extension Service Systems 

START 

What type of system configuration is involved? 

One-to-Many 
Multiplexing 

Many Point 
Multiplexing 

No Extension 
Channel(s) 

Refer to Tests 1, 2, 
3 in Section 5,1,1 

Loop3a(3b)* 

YES 

Loop 7* 

Loop 3a(3b)* 

These tests will interrupt normal 
operation on all 2O9A channels 
since they involve the test 
switches on the data set. 

Loop 1 

Loop 6* 

Extension Channel(s) 
On One 2O9A 

Call Telephone Company 
repair service and des~ribe 
which part of system is 
in trouble. 

Test data ter­
minal equipment 
involved on 
affected 
channels. 

Loop 1 + Loop 2 

Loop 4 

Extension Channel(s) 
On Both 2O9As 

Loop3a(3b)* 

NO 
Loop 5 

Loop 3a(3b)* Loop 6* 

Loop 7* 

YES 



TABLE 1 
SWITCH POSITIONS AND LAMP STATUS FOR SELF TESTS AND TESTS WITH EXTERNAL TEST EQUIPMENT OR DATA TERMINAL 

TEST 1 TEST 2 TEST 3 TEST 4 TEST 5t TESI' 6 
ANALOG DIGITAL LOOPBACK END-TO-END ANALOG DIGITAL LOOPBACK TELCO 

SWITCH OR LAMP LOOPBACK SELF TEST SELF TEST LOOPBACK AT FAR-END REMOTE TEST 
STATUS SELF TEST LOCAL FAR-END (BOTH SETS) TEST LOCAL FAR-END LOCAL SET 

SWITCHES* 

MUX SELECTOR NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 

LP NOTE 2 NOTE 2 NOTE 2 NOTE 2 NOTE 2 NOTE 2 NOTE 2 NOTE 2 

AL X X 
ST X X X 

DL X X X 

* fThis test cannot be performed from a X = SWITCH DEPRESSED, BLANK= SWITCH NOT DEPRESSED local 209A if it has the slaved 
LAMPSt timing option IN. 

ON 0 0 0 0 0 0 0 0 

MR NOTE 3 0 

RS 0 0 0 0 NOTE 4 NOTE 4 NOTE 9 NOTE 9 
cs 0 0 0 0 NOTE 5 NOTE 5 NOTE 5 NOTE 5 
co 0 0 0 0 NOTE 6 NOTE 6 NOTE 6 NOTE 6 

ER NOTE 10 NOTE 7 NOTE 8 NOTE 7 NOTE 8 NOTE 8 NOTE 8 NOTE 8 

TM 0 0 0 0 0 0 0 

to= LAMP IS LIT, BLANK= LAMP IS NOT LIT 

Note 1: 

Note 2: 
Note 3: 

Note 4: 

Note 5: 
Note 6: 

Note 7: 
Note 8: 
Note 9: 
Note 10: 

Position can be in any of the five regular multiplex positions as required by customer's 
arrangement. 
LP should be depressed to check operation of status lamps prior to testing. LP is nonlocking. 
MR lamp will be lit if the Data Set Ready in AL mode option is installed with CC in ON condition. 
Otherwise, MR will be out. 
RS will light when test set or data terminal turns Request-to-Send ON or if continuous 
Request-to-Send option is used. 
CS will light when data is being transmitted. CS will be out when RS is out. 
CO will light when line signal is detected. Otherwise, CO is not lit. CO should always belitwhen 
continuous carrier is installed in far-end data set. CO lights only when far-end data set 
transmits if switched carrier is installed. 
Satisfactory performance is indicated by 6 flashes/minute or less averaged over 5 minutes. 
ER will light during retraining (briefly) and will be out during remainder of time. 
RS will light if CO lamp lights or if continuous Request-to-Send option is installed. 

ER lamp should not light during this test. 



TABLE 2 

Special Connecting Cables for Many Point 
and One-to-Many Multiplexing Configurations 

When Extension Service is Involved 

Extension Service Cord 

(On the collocated lower speed data 
set connected to Data Set 2O9A) 

Data Set 
2O9A 
End 

Circuit Pin 

BA 

BB 

CA 

CF 

DD 

DA 

AA 

AB 

2 to 

3 to 

4 to 

8 to 

17 to 

24 to 

1 to 

7 to 

Interfacing 
Data Set 

End 
Circuit Pin 

BB 

BA 

CF 

CA 

DA 

DD 

AA 

AB 

3 

2 

8 

4 
24 

17 
1 

7 
(no other conductors used) 

Each end of cord must be 
terminated in a male plug 
to permit connection to a 
data set (female) connector. 

Timing Cord 

( On the remote lower speed data set) 

For Bell System Data Sets 2O1C 
and 2O8A: 

The timing cord provides 25-
conductor cable in which pin 
18 (DCR) is wired to pin 24 (DA). 
These two pins are not continuous 
to the customer interface 
connector. The end of this short 
cord appears in a regular 25-pin 
female connector compatible with 
the customer provided plug from 
the data terminal. 

For Customer-Provided Data Sets: 

An equivalent customer-provided 
cord may be used if there is a 
DCR circuit provided on pin 18 
of the customer-provided data set. 
Otherwise, a functionally equiv­
alent connection of the receiver 
timing to the DA circuit inside 
the customer-provided data set 
must be used. Note, however, 
that the receiver timing signal 
(DD) must be provided to the data 
terminal on pin 15 as well. 



TABLE 3 

Request-to-Send Clear-to-Send Delays 

in Switched Carrier Operation 

Nonmultiplexing (applies to CA, CB circuits on connector No. 1) 

Data Terminal Turns CA Circuit ON 
Within X ms of Turning CA OFF 

0 < X < 3 ms 

3 < X < 50 ms 

X > 50 ms 

Data Set Turns CB Circuit 
ON After a Dela~ of 

8 ms 

(200 - X) ms 
(at least 150 ms) 

150 ms 

Multiplexing (applies to CA, CB circuits on all active connectors) 

First Data Terminal 
Turns CA ON Within 
X ms of All CA OFF 

O < X < 3 ms 

3 < X < 50 ms 

X > 50 ms 

Resulting CA-CB 
Delay to First 

Data Terminal 

8 ms 

(200 - X) ms 
(at least 150 ms) 

150 ms 

Second (and Later) 
Data Terminal 

Turns CA ON Within 
Y ms of All CA OFF 

O < Y < 3 ms 
y > X 

3 < Y < 50 ms 
y >X 

Y > 50 ms 

Resulting CA-CB 
Delay to Second 

(and Later) 
Data Terminal 

8 ms 

(200 - Y) ms 
(at least 150 ms) 

[150-(Y-X)]ms 
(at least 8 ms) 



TABLE 4 

References to Test Procedures and Acceptibility Criteria 

for Customer Performed Loop Tests of Extension Channel Systems 

Loop Te st No. 
(See Figure 13) 

Loop 1, Loop 2 

Loop 3 (a, b) 

Loop 4 

Loop 5 

Loop 6 

Loop 7 

See Test Procedures In 
(document title) 

Data Set 208A (201C) Technical 
Reference - TEST 3 

TEST 2 in this document 
(Section 5.1.1) 

Data Set 208A (201C) Technical 
Reference - TEST 3 

Data Set 208A (201C) Technical 
Reference - TEST 3 (depress AL 
switch at far-end 208A (201C)) 

Data Set 208A (201C) Technical 
Reference - TEST 3 (depress DL 
switch on 209A at far-end) 

Data Set 208A (201C) Technical 
Reference - TEST 3 (depress AL 
switch on 209A at near-end) 

Acceptibility Criteria 
(Maximum Average Error 
Indications per Minute) 

3(2)* 
(1X10- 2 ) t 

6 
(lxio- 2 / 

12(1o)*t 
(3x10- 2 ) 

9 ( 8 ) * 
(2Xl0- 2 )t 

3(2)* 
(lx10- 2 ) t 

* Numbers in parentheses refer to acceptibility criteria for Data Set 201C 
with self-test circuitry. The other number refers to criteria for Data 
Set 208A-LlA with self-test circuitry. 

t These numbers are the supported error criteria for the various loop 
arrangements expressed in terms of 1000 bit block error rate if the 
loop tests were made with test equipment which measured this parameter. 
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